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DISCLAIMER PAGE

Recovery plans deli neate reason able act i ons which are beli eved to be requ ir ed
to recover and/or protect t he species. Pl ans are publ i shed by t he U.S . Fish
and Wil dl ife Service. sometimes prepared wi th the assistance of recovery
teams , contractors , State agencies , and others . Objecti ves will on ly be
at ta ined and fund s expended cont i ngent upon appropri at i ons , priori t ies , and
other budgetary constrai nts . Recovery plan s do not necessar il y represent the
views nor the official posi t i on s or approvals of any indi viduals or agencies ,
other t han t he U. S. Fish and Wildli fe Service, invol ved i n t he plan
formul at ion . They represent the offic ia l position of t he U.S . Fi sh and
Wil dli fe Serv ice onl y after t hey have been signed by t he Reg ional Director or
Director as approved . Approved recovery plans are subject to revi s ion,
update , or mod i f ic at i on as dict ated by new f inding s , changes i n spec ies
st atus, and the compl et ion of recovery t asks .



Litera ture Citations should read as follows:

u.s . Fi sh and Wild life Service . 1990. Colorado Squawfish Recovery Pl an .
U.S. Fish and Wi ldlife Service, Denver, Colorado. 56 pp.

Additi ona l copies may be purchased f rom:

The Fi sh and Wildl ife Reference Service
5430 Grosvenor l ane , Suite 110
Bethesda, Maryland 20814

(301) 429·6430
or
1-800-582 -3421

The fe e for the plan vari es depending on the number of pages in the plan .

Arti st Credi t : The drawin9 on t he cover is by 8rett Morr i son, Giraff iks,
Glenwood Spri ngs , Col orado.
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EXECUTIVE SUMMARY

Current Species St at us: The Col orado squawf i sh (Ptychocheil us luc iys) was
l i sted as endangered on Harch II , 1967 . The orig inal recovery plan was
approved on Harch 16, 1978. Th i s is a revi s ion of that plan. The Colorado
squawfish populat ion has decli ned from hi storic level s . Thi s decli ne may be
due to vari ous human-caused physi cal and biol ogi cal changes 1n t he Colorado
Ri ver sys tem where the fi sh occurs .

Habi t at Reqyirements and Limi tinq Fact ors: The present rang e of natural
popula t ions of t he Col orado squawfi sh i s rest r icted t o the Upper Colorado
River Bas in (Upper Basi n) i n Colorado, New Mexi co, Utah, and Wyom ing, al though
hatchery reared Col orado squawfis h have been reintroduced into the Salt and
Verde Rivers in Arizona . The decli ne in t he numbers and dist r ibution of
Co lorado squawfish i s due to physical changes in t he ri ver sys tem , i ncl ud ing
stream alterat ion and habi tat fragmentation as a resul t of damconstr uction,
irri gation, dewatering, and channeli zati on. Bi ol ogical changes i ncluding
competition with and predati on by i ntroduced nonnat i ve f ish al so are fact ors
in the squawfish decl ine.

Recovery Object ive : Del i st ing .
(Recovery Area) can be del isted

Each Col orado Squawfi sh Recovery Area
as recovery objective s are achieved.

Recovery Cri teria : Each Recovery Area will remai n l i sted unti l such t ime as
thei r recovery cr iter ia are met . The spec ies can be downlisted or del isted
when all Recovery Areas have been downl i sted or delisted. Th e Colorado
squawf ish will be considered el igible for recl assi fication t o threat ened when
natural l y sel f -s ust ai ni ng populat ions are ma intained in the Upper Ba sin in the
fol lOW ing Recovery Areas:

(a) the Green River subbasin i nc l uding the Green Ri ver from i t s con fl uence
with the Colorado River to i t s confluence with the Yampa Ri ver, the
l ower 220 km (137 mi les) of t he Yampa River, and t he lower 240 km
(ISO mi le s) of the Whi t e River;

(b) the Co l orado River from Pal isade, Colorado , t o Lake Powell ; and

(c) t he San Juan River from La ke Powell upstreamt o t he confluence of t he
Animas Ri ver near Farmington, New Mexi co.

(Th e Colorado squawf ish may be downlisted separately by Recovery Area
wi th t he Green Ri ver and Colorado River areas being downl isted
concur rent ly. )

The Colorado squawfish wi l l be considered eligibl e for del i st ing when :

(a) downl ist i ng criteria have been met;
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(b) a populati on in either the Salt River from a diversi on dam upstream of
Roosevelt La ke to Apache Falls or in the Verde Ri ver from Horse shoe
Reservoi r upstream to Paul den, Arizona, i s reest abl ished and habitat s
and flows are protected . Feas ibility of thi s effort will be
reevaluated at the concl usion of the 1995 Lower Basin Agreement. At
that time, the need for inclusion of these areas in the deli sti rg
criteria will be reconsidered;

(c) the threat of signifi cant . fragmentat ion {e .g . , fragmenta ti on that
woul d impair the reproduct i ve succes s of the populat ion or
limit/impact t he adul t population s i ze} i s removedj

(d) es sent i al habi t ats , pri mary migrat i on routes , required stre amflo ws.
and necessary water quality are legall y protect ed; and

(e) other identif iable t hreats, i f any , whi ch may s igni fi cant ly af fect t he
populat ion are removed.

(The Col orado squawf i sh may be deli sted separat ely by Recovery Area,
with the Green Ri ver and Colorado River areas being del i st ed
concurrentl y.)

Act jons Needed: Maj or acti on s needed to achi eve the recovery of the Colorado
squawfish are:

1. Moni tor popUlat ion status and defi ne the life history requ i rements of the
Colorado squawfis h.

2. Implement management pl an s to protect and maint ain Colora do squawfi sh
populations and t he i r habita t .

3. Re i ntroduce Col orado squaw(i sh into thei r hi sto ri c range.

4. Promote and encourage imp roved communic at ion and i nformat ion
di ssemi nation .

5. Determine biological criteria/ objectives for downl ist ing/d el isting t he
Col orado squawf i sh.

Dat e of Recovery: The Col orado sQuawfi sh i s bei ng recovered in correlati on
with the bonytail chub, the humpback chub, and t he razorback suc ke r . Th i s
recovery plan addresses the recovery needs of the Colorado squawfi sh in both
the upper and lower bas i ns of the Col orado River. The "Recovery
Implementati on Programfor Endangered Fi sh Spec ies in the Upper Col orado River
Bas in" (Recovery Program) ident ifi es spec ifi c recovery ta sks and strat egi es to
be employed in recover ing t he Colorado River fi shes in the Upper Basin,
excludi ng the San Juan River . The goal of the impl ement at i on program i s to
recover these Colorado River fi shes i n t he Upper Bas in area i n 15 years at an
est imated cost of $53 mi l l ion. The Recovery Program wi ll be considered a
st epdown effort of the . Col orado Squawf i sh Recovery Plan and will provide t he
primary mechanism for implement i ng the recovery plan i n the Upper Bas in. A
recovery program speci f ic al ly coveri ng the San Juan Ri ver ·i s current ly bein g
devel oped. Devel opment of an endangered fi shes management program for t he
l ower basi n i s being planned .
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PART I
INTRODUCTION

Hist or y

The Colorado squawfis h (Pt ychocheilus l uciu s) i s t he l argest of four l iving
species of the genu s Ptychochei l us . Al though the spec i fic name luc ius means
"pi ke like, " the Colorado squawf ish is taxonomicall y pl aced i n the l arge and
diverse mi nnow family Cypri ni dae . It is t he la rgest cypri nid in North America
(Mi l l er 1961), a voraci ous preda tor , and the t op nat ive carnivore of the
Colorado River syst em. Maximumwei ght s exceeding 36 kg (79 l bs) and lengths
of nearly 1.8 m (71 i n. ) have been recordedj however , spec imens weighi ng more
than 7 kg (15 l bs) have been rare in recent ti mes (Minckl ey 1973; Behnke and
Benson 1980) . It s subst anti al s ize and migratory habit resul ted i n use of the
common names "white sal mon, " "Colorado sa lmon, " or s impl y "salmon" i n earl y
l i terature (Minckl ey 1973; Behnke and Benson 1980) .

The evol ut ionary hi story of Pt ychochei lus l uci us has been marked by scores of
osci ll ations between pl uv ia l- and ari d-domi nat ed hab ita t s caused by cl imat ic
fluctuat ions duri ng the Mi ocene , Pl iocene , and early Pl eis tocene epochs
(G. Smi t h 1981) . f . l ucius was adapted to swi f t wat er by the mi d-Pl iocene
(Uyeno and Mii l er 1965 ), but fossi l evidence i nd icat es th at it may have used
l akes as wel l as r ivers (G. Smith 1975, 19BI ; M. Smi t h 1981) . The species may
have devel oped the capabi l i ty to survi ve i n e ither l akes or r ivers , depending
on prevai l ing climatic condi t ions (Tyu s 1986) . l arge s i ze , great mobi l i ty,
and spawning migrat i on s would be adaptat ions to dri er seasons when sui t abl e
spawn ing habitat s are l imited or far-removed fromother adu lt habit at s
(G . Smi t h 1981) . These adapt ive l i fe st r ateg ie s that formerly benefited t he
f ish (Tyus and McAda 1984; Tyus 1986) may now be cont ri but ing to i t s decline.

The other t hree li ving members of the genu s Pt ychocheilus incl ude the
Sacramento squawfi sh (£ . grand i s) of t he Sacramento-San Joaquin, Pajaro,
Sal inas, and Russ ian Rive rs i n Californi a; the Northern squawf i sh
(£ . oregonensis) of the Col umb ia Ri ver Ba si n i n Nevada, Oregon, Washi ngton,
Idaho, and Montana, north to the Nass Ri ver , Brit i sh Col umbi a; and the Umpqua
squawfi sh (f . umpgu ae) in t he Umpqua and Suislaw Rivers in Oregon (Lee et al .
1980) . Unl ike t he Colorado squawfi sh, t hese t hree species remain common in
their na t i ve waters .

The Colorado squawfi sh wa s l ist ed as endangered by the U.S. Fi sh and Wi ldlife
Se rvice (SerVi ce) i n the Endangered Species Li st publi shed in the Feder al
Regi st er (Vol. 32 [43) :40001) on March II , 1967 . Ful l protection under the
Endangered Specie s Act of 1973, as amended, occurred upon i t s li st ing i n the
Federal Regi st er (Vol. 39[3): 1175) on January 4, 1974. The St ate s of
Cal iforn i a, Arizona, New Mexi co , Utah , and Col orado each have l aws protecti ng
the Col orado squawfi sh withi n State wa ters .



General Desc~iption

The Colorado squawfi sh is an elongated pi ke-li ke f ish. The mouth i s l arge and
nearly horiz ontal , wi th a pharyngeal tooth formul a of 2,5 -4,2; the long,
sle nder pharyngeal t eeth are adapted for grasping and hold i ng prey . The anal
and dorsal fi n each have nine princi pal rays and the dorsal fin orig inates
sli ght ly posterior to the inserti on of the pel vi c fins . The scales are smal l
and embedded on the bel l y, breast , and nape, and number 80-95 in the la ter al
l ine. Adul ts are str ongly counters haded with a dark, olivaceou s back; l ighter
side s; and a whi te bell y. You ng are silvery and us ual ly have a dark, wedge
shaped spot at t he base of the caud al fi n.

Distribut ion and Abundance

Histor ic Di stribution

The Colorado squawf ish i s endemic to the Col orado River basin. Early records
indic ate i t was abund ant in t he mai nstem Col orado Ri ver, most of its major
tributari es, and in the Colorado River delta in Mexico (Jordan and Everman n
1896) (Figure 1). Col orado squawf ish have been report ed at t he fol l OWing
l ocat i on s:

1. Arizona: Gi la River and i t s tr ibutaries , the San Pedro, Sal t, and Verde
Rivers ; the Col orado Ri ver ma inst em fromt he Un i ted States -Mexi co border
to the Ut ah-Ari zona St at e l ine and the l o"er most Li t tl e Colorado River
(Mi nc kley 1973, 1985).

2. Cal i fornia: Colorado River mainst em from the Un i t ed State s-Mexi co border
t o the Nevada State l i ne and the Sal t on Se a, wh ich was sporadical ly f i l l ed
with wat er from t he Colorado River (M inckley 1973, 1985; Moyl e 1976) .

3. Col orado: Colorado Ri ver and lower reaches of the Gu nni son , Whi te , Yampa ,
Little Snake, Dol ores, San Ju an , Uncompahgre, and Animas Rivers (Jordan
1891 ; Elli s 1914 : Beckman 1952: Lemons 1954; Johnson 1976; Valdez et al .
1982a) , and Plateau Creek, a t ri but ary of the Dolores River (Bob Burdick,
U.S. Fi sh and Wild li fe Service, pers . comm . 1990 . ) .

4. Nevada : Colorado River mai nst em (La Rivers 1962) .

5. New Mex ico: San Juan and Ani mas Rivers (Koster 1957, 1960; Platania
1990) .

6. Ut ah: Colo rado, Green, Duchesne, San Juan, White , and Dol ores Ri vers, and
probably numerou s smal ler streams (El lis 191 4; Holden 1973: Seet hale r
1978).

7. Wyoming: Green River mai nstem (Baxter and Si mon 1970 ; Bo sley 1960:
Johnson and Oberhol t zer 19B7) and Li ttle Snake River (Marsh et al . 1991).

8. Mexi co: Main st em Colorado Rlver and i t s trib ut ari es and slo ughs from t he
Un i ted States- Mexico border t o the Gulf of Cal i fornia (Sonora and Baja
Cal i forni a del Norte) (Follett 1961 ; ·Minck1ey 1979) .

2



w
X

o

Pre sent

Past

,~ ..
50 0 50 i ~ O 150
I Fd! I

SCALE I N KILOMETERS

50 0 50 100
I Fa Ed ; !

SCALE OF MILES

N

Salton
sea ~

DISTRIBUTION

CAL I

--

COLOOAOO SOOAWAlSIHl___ -.J

I

,~ "1

,.1

. 1
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in th e Color ad o Ri ver System .
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An indicati on of the prior abundance of Colorado squawf ish was its use for
food and fert il izer (Hill er 1961; Hinckley 1973) and i ts widespread favorable
reputation with early sett lers as a food and game fi sh from Col orado
downstream into Arizon a (Ell is 1914 ; Dill 1944 ; Carhart 1950 ; Ros t l und 1952;
LaRivers 1962 ; Si91er and Hil le r 1963 ; Hinckley 1965, 1973. ) .

Present Distribution and Abundance

Natural populat ions of the Colorado squawf ish are restricted to t he Upper
Colorado River Ba sin (Upper Bas in) in Wyoming , Colorado, Utah , and New Mexico.
The species is mos t abundant in the Green River below the conf l uence with the
Yampa River ; the Yampa River f rom near Hayden, Col orado, to the confluence of
the Green River; the White River from Taylor Draw Dam near Rangely. Colorado ,
downstre am to the confl uence with the Green Ri ver ; and ma inst emCol orado Ri ver
from Pa l i sade, Colorado , downstream t o Lake Powel l (Hol den and Wick 1982;
Hill er et al . 1982b; Tyus et al . 1982b, Tyus et al . 19B7 ; Wi ck et al . 1985,
1986 ; Archer et al. 19B5.

Catches of young , juvenile , and adult Colorado squawf i sh are reported to be an
order of magni t ude higher i n t he Green River subbas in of Colorado and Uta h
t han el sewhere (Tyus et al. 1986; Tyu s 1990) . Recent investi9at ions have
found many young, j uveni l es, and adults in t he Green River from the mouth of
t he Yampa River to i ts conf l uence with the Colo rado (Holden 1973i Holden and
Sta l naker 1975a , 1975b; Tyus et al . 19B20 , 1982b , 1987 ; Archer et al. 1985).
Adul t s have been capt ured in t he l ower 199 km (124 mi l es) of t he Yampa River
and in lodore Canyon of the Green Ri ver (Tyus et al . 1982a ; Mill er et aT.
1982b) , and l arvae were ident i fied from the l ower 30 km (19 mi le s) of t he
Yampa Ri ver in Di nosaur Nat ional Monument (Wick et al . 1981 , 1985, 1986;
Hayne s et al . 1984; Tyus and Haines 1991) . Two adul t Colo rado squawf i sh
impl anted with radio t ransmi t t ers ascended the Little Snake River in 198B
(W ick and Hawk ins 19B9). Inve stigation of the Green and Little Snake Rivers
in Wyoming in 1986 fa i l ed t o produce any Colorado squawfish , (Johnson and
Oberhol t zer 19B7); however, an adult Colorado squawfish wa s found in the
Litt le Snake River in Wyomi ng in 1990 (Harsh et . al . 1991 ) .

Col orado squawf ish have been found in t he lower 243 km (151 mi les) of t he
Wh i te River in Ut ah and Colorado (Prewit t et al. 1978 ; Wi ck et al. 1979, 1981 ;
Carl son et al. 1979 ; Lan igan and Berry 19B1; Hill er et al. 1982a; Marti nez
1986a) . In the Duchesne River , a f isherman caught a Colorado squawfish at t he
mout h of the Uint a River in 1975 (Seethal er 1978) and a spec i men impl anted
wi th a radi o t ransmitter ascended t he Duchesne River in 1980 (Tyus et al .
19B2b) .

Adul t and young Col orado squawf is h st i l l inhabi t La ke Powell (Mi nckley 1973;
Wi ck et al . 1981; Val dez et al . 19B2b; Hill er et al . 1984). Adu l t Col orado
squawfish were captured i n the ri verine porti on of the reservoir in 1980
(Persons and Bul kley 19B2) . Val dez (1990) al so reported bot h adult and
juveni le Colorado squawf ish in Cata ract Canyon at t he i nlet of Lake Powe l l,
ind icat ing that t he species is reproduci ng in or above that reach.
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A small- reproducing population of Colorado squawfish exists in the San Juan
River. A single juvenile squawfish was captured in the San Juan River just
below the confluence of HcElmo Creek near Aneth , Utah , in 1978 (Hinckley and
Carother s 1980 ; VTN 1978) . Platania et al. (1991) summar ized capture s of
squawfi sh in New Hexico and Utah from 1987 to 1989 . Eight adults and nineteen
young-of -t he-year were capt ured (two add itional adult s were observed but not
captured) . Except for one adult captured in the San Juan arm of Lake Powell ,
the adults were captured in the San Juan River between Ri ver Hile (RH) B9 near
Bluff , Utah, and RH 163 near Shiprock, New Hexl co. In 1987 , 18 ycunq-of'-t he 
year were collected from the San Juan River. Two were collected downstream of
Shiprock, New Hexico (Platania et al . 1991), six near 81uff, Utah , and t en in
the Lake Powell inflow area . A young-of-the-year captured in 1988, al so was
taken from thi s inflow area. In 1990, another young-of - the-year wa s col lected
near 81uff , Utah (8il l 8at es , Ut ah Divi sion of Wildl ife , per s. comm. 1990) .

In t he Lower Colorado River 8asin (Lower Basi n), Hill er and l owe (1 964), and
Hinckley and Deacon (1968) considered Co lorado squawfish eX l i rpated from the
Gi l a Ri ve r system, and Hinckley (1 973, 1979 ) la t er expanded th is to include
al l Ar i zona waters except above Glen Canyon Darn in l ake Powell . No Colo rado
squawfish (other t han stocked fi sh) have been taken from the Gi la River bas in
since 1950 (H ill er 1961); a 1958 record of t his species from the Sal t Ri ver,
Ar izona (Branson et al . 1966 ) , was based on mi si dentifi ed round ta i1 chub (Gil a
robust a) (R .R. Hill er pers . comm. to W.L . Hinckley). The l ast adult squawfish
from the mainstem lower Colorado Ri ver was taken by a fisherman in 1967 in
Lake Hohave (Hinckley and Deacon 196B) .

Although natural popul ati on s of the speci es were exti rp ated f rom the Lower
Bas in , hatchery-reared Colo rado squawf is h have been introduced in several
lo cat i ons. More than 96,000 fi ngerling and 442 la rger Colorado squawfis h,
355-405 mm (14 -16 in. ) t ota l le ng t h (TL), were int roduced at six locations on
t he Sal t and Verde Rivers, Ar i zon a, in 1985 (8rooks 19B6) . Seven of the
l arger squawfish were captured in experimental trammel net s within 10 days
after stocki ng, and five more fi sh of the la rger size group were captured
about 5 months af te r st ocking. In 19B7, 31,750 fingerl ing Colorado squawf ish
from Dexter Nat ional Fish Hat chery were stocked at two si tes in the Sal t River
drainage (incl uding 6, 750 int o Canyon Creek) and 100 Colorado squawf i sh were
stocked into the Verde River. Ari zona Game and Fi sh Department biolog ists
recaptured three in Canyon Cree k, and one in the Salt River . In 1988, Dexter
Nati onal Fish Hatc hery per sonnel stocked 20 ,000 fing erl i ng s into t he Sal t
Ri ver, IB ,OOO into Canyon Creek, and 89, 303 into the Ve rde Ri ver . Bubbling
Ponds Sta te Fish Ha tchery per sonnel stocked 120, 604 fingerl ings int o the Verde
River and 1,194 into Sycamore Creek, a tri butary to the Verde Ri ver . In 19BB,
57 Col orado squawf i sh were recaptured on Verde River, and six fr om the Sal t
River. Recaptures during both years included fi sh which had been at l arge for
3 months to 1 year (Dean Hendricks on , Arizona Game and Fi sh, pers . comm~

1990). Col orado squawf ish sto ckings continue in the Sal t and Verde Rivers ,
and expansio n of the program i s pl anned.

5



Life History

Habi tat Preference

Col orado squawfi sh are adapted to rivers with seasonal l y variable flow, high
si lt loads , and turbulence. Youn9-of - t he-year (up to 64 mm [2 .5 In.] TL),
juvenil es (65-200 mm [2.5-8 in .]) , and subadul ts (200-400 mm [8-16 in.]) l ive
in shal l ow backwater areas , with little or no current over s i l t and sand
bottoms (Haines and Tyus 1990; Holden 1973 ; Holden and Stalnaker 1975a, 1975b;
Holden and Twedt 1980; Miller et al. 1982a , 1982b; Tyu s and Haines 1991 ;
Valdez et al . 1982b; Valdez and Wick 1983 ; Wick et al . 1979, 1981). There Is
a change in habitat preference at about 200 mm (8 in .) TL (Miller et al .
1982a) , with larger f ish sel ecting deeper water of at l east some velocity.
Adult s are large-river f ish , found in a vari ety of depths and velocities over
s il t, sand, 9ravel , and boulder substrat es (Holden 1973; Holden and lwedt
1980; Holden and Wick 1982; Hill er et al . 1982a, 1982b; Tyu s et al . 1982a,
1984 ; Valdez et al . 1982b; Wick et al . 1979, 1981) .

Radiot el emet ry st udies (Hi l l er et al . 1983; Tyus 1985 , 1986; Tyus and HeAda
1984; Tyus et al . 1982b; Wi ck et al . 1983) have provided consider abl e
informat ion on hab itat usage af adul t Colorado squawf i sh. Adults use various
habitat s depending upon season, streamflow, water temperature, and
ava ilability (Holden and Wi ck 1982; Tyu s and HcAda 1984; Tyu s 1990; Wick et
al . 1983, 1985, 1986). Dur ing peak runoff , adult s move int o backwater areas
or fl ooded riparian areas where veloci ty is lower and water temperatures are
hiqher than in t he mai n channel (Wi ck et al . 1983). During the decline in
water l evel fol l owing peak runoff, spawning adul t fi sh move into run-riffl e
areas and al so occupy run, eddy, and pool habitat s (Tyus 1990) . Adul t
Col orado squawf ish exhibited lit tle movement during winter (October-April) in
the upper Green River (Va ldez and Mas'lich 1989) . Of 20 adult s radio -tagged
in October , 15 moved l ess t han 5 km by the end of the foll owin9 March . The
fi sh occupie d primari ly s low run s , slackwater , eddies , and backwaters .

Temperat ure Preference

The t hermal t ole rance of Col orado squawf i sh i s broad, as evidenced by t he
range of temperatures to which the speci es wa s presumabl y adapted. Summer
water temperatures in t he vicini ty of Yuma, Ar iz ona , for example, commonly
approach or exceed 350C (950F) and may drop t o l ower than 100C (500F) in
win t er (Hi nckley 1979). In the Upper 8asin , water temperat ure s generall y
range from 250C (770F) during the summer t o free zin9 (OOC [320 F]) in wint er .

Tyus (1990) summari zed the wat er temperat ures associated wi th pres pawning,
migratory , and spawni ng peri ods for adu l t Colorado squ awfish in the Upper
Green Ri ver Basin . Spawni ng migrat ions were ini tiated at water te mperatures
of 14 -200C (570-680F) , and spawnin9 occurred at temperatures of 220C (720F)
(range 15-27. 5C [590 -820F]). In the Yampa Ri ver , mtqrat tcns and spawnin9
periods varied be tween years. Migrati ons were initi ated fromMay It t o
June 10, associated with a mean water t emperature of about 140C (570F) , and
spawn i n9 occur red at 210C (700F ) (Table 1) (Tyus and Karp 1989). However ,
Tyu s et al. (1987) and Wick et al . (1985) cautioned that main channe l
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esti ma ted age from I to X[ and the res ults were : [-44 mm (1.7 in.) ; [1 ·95 mm
(3 .7 in. ); 11[-162 mm (6.4 in.) ; IV-238 mm (9.4 in. ): Y· 320 mm (12 .6 i n. ):
VI · 391 mm (15 .4 in.): VIII·499 mm (19 .6 in .) ; and X·600 mm (23.6 in. ) .
Seethaler (1978) found similar growth rat es for Colorado squawfi in bot h t he
Green and Co lorado Rivers . However, t he accuracy of us i ng scal es f or agi ng
this speci es has not been verified. At Wi llow Beach Nat ional Fish Ha tchery,
Colorado squawfish hat ched in the summer of 1980 doubled t heir l engt h in
14 days and at t ained a si ze of 48-50 mm (1.9 -1 .96 in. ) in 110 days (Hamman
1981). Growth of broodst ock held in cold wat er ( IOOC [500F] ) at Will ow 8each
Nati onal Fish Hatchery in 1973 and 1974 was sl ow. Seven adu l t f i sh gained a
t ot al of only 0.64 kg (1 . 41 l bs) over a 9-month period after being fed 40 .8 k9
(90 lbs.) of li ve fingerl ing t rout (Toney 1974) . Len9th-wei ght rel at ionships
of these f i sh was similar to that for wi ld f i sh reported by Vanicek and Kramer
(1969) and Seethaler (1978) .

Finger l ing Col orado squawfish (50-91 mm [2-3.6 in . ] TL l stocked in grow-out
pond s near Gra nd Junctio n, Col orado, grew to a range of 185-304 mm
(7 .3-12 i n.) TL in I year (Osmundson 1987). Simi lar sizes were attai ned by
Colorado squawf i sh i n the adjacent Colorado River i n about 4 years (Kaedi ng
and Osmunds on 198B) . The difference in growth was attri buted to warme r wat er
temperat ures (about 1.8 times more degree -days than the ri ver) . l ack of
compet i t ors , and an abundant food suppl y i n the pond. Growth wa s s lower and
more vari abl e i n other ponds i n the same area, which wa s probably due to the
variation i n food ava il ab ility, becau se te mperature regimes were s imi l ar among
ponds . Tyus and Hai nes (1991) fou nd t hat growt h of age-O Colorad o squawfi sh
was re lated t o t he amount of avai la ble habitat, but reduced growth at l ower
temperatures was not detected.

Food Habi t s

Food of young Col orado squawf i sh consist s mainly of looplanktoniand i nsect
l arvae . Other fi sh species feed on t he same food i tems as young -of -the-year
Colorado squawfish (McAda and Tyu s 1984) . Fry at Wi l l ow 8each ~at io na l Fi sh
Hatch ery fed on zoopl ankton in ·fert i li zed raceways (Hamman 1981) . Co lorado
squawf i sh become predatory at a very early age . Fi sh as small as 30 mm
(I in .) have been documented to eat other fish (Tyus and Karp 1991) . Near ly
86 percent of the diet of j uven i le Colorado squawfi sh i s fi sh, with the maj or
prey being red shiner (Cyprinel la lutrensjs) an int roduced cypr inid (Jacobi
and Jacobi 1982 ) . Adul ts are almost exclusively pisci vorous, feeding on most
nati ve and many introduced fi shes present in the r iver (Yanicek and Kramer
1969) . Nonnati ve f ish presumably have entered their diet more frequent ly as
nati ve fi shes have decl ined (Hol den and Wick 1982). However , Beckman (1 952)
reported that j ackrabbi t s and other anima l s were used hi stor ically by anglers
as bai t for Col orado squawfis h. Minckley (pers. comm. ) ob served a l arge
Col orado squawf i sh eat two newl y hatched Ameri can coot s (Fu l jca amer icana) at
Dexter Nat ional Fi sh Hatchery, New Mexico. Tyu s and Minckley (1988) reported
four Col orado squawf is h feeding on Mormon cricket s i n Dinosaur Nationa l
Monument , Colorado, and specul ated on the signifi cance of l arge outbreaks of
cr icket s as food for the native fis h fauna .
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Larval dr i f t may be an important part of the Colorado squawf ish li fe cycle
(Tyus and Haines 1991) and l aboratory st udies indicate t hat "dr ift " may be
act ive rather than a passive response to water current (Paul i n et a1. 1991) .
l arval squawfis h dri ft downstream after hatching i n the Green and Yampa Ri vers
and rear i n reaches of the ri ver that are different fr om t hose i n wh ich
spawni ng occurred (Haynes et al . 1984: Tyu s and Ha ines 1991) .

The most import ant reari ng area in the Col orado Ri ver for YDung-of - the-year
Colorado squawfi sh i s between Moab , Utah , and the conflu ence wi th t he Green
River (RK 0-96 [RM 0·60] l (Archer et a1. 1985 ). Other nursery areas in t he
Col orado Ri ver have been found: (1 ) in the upper Professor Val l ey (RK 112-129
[RM 70·81]) : (2) between the con fl uence with t he Oolores River and Westwat er
Canyon (RK 144 -175 [RM90-109]) : (3) between 81 ack Rocks and Lama (RK 225-241
[RM 140-150] ) : and (4) downst ream fr om the confluence with t he Gunn ison Ri ver
(RK 257-273 [RM160 -170] ).

No l arval Colorado squawfi sh ,have been found in t he Wh i te Ri ver. Some adu l t s
that were tagged in t he Whi te River have been recapt ured or radio-tracked t o
the Yampa and Gray Canyon spawn i ng sites (Tyus 1990) . Osmundson and Kaeding
(1989) reported the capt ure of a single l arval Colorado squawf is h in the lower
3 km (1 .9 miles ) of t he Gunn i son Ri ver.

In 1987 , a total of 18 young-of - t he-year Colorado squawfi sh were captured in
the San Juan River at various locati ons . These fi sh were col l ected f rom
backwaters of the ri ver: 2 were taken from the area downstream of Shiprock,
New Mexico, at RK 221 (RM139 ) and RK 228 (RM 143); 6 near 81uff , Utah, at
RK 150-161 (RM94-101): and 10 wer e t aken in the l owermost 38 r iver ki l omete rs
immediately upstream from la ke Powe l l . An addit i onal young-of- the -year al so
was taken from this l owermost river area in 1988. col l ected from backwaters at
RK 18 (RM II) (Pl at ania et al . 1991) . In 1990, a young-of- the-year Col orado
squawf i sh was col le cted from backwaters near Bl uff , Ut ah (Bill Bate s . Utah
Divi si on of Wil dl i fe, pers . comm. 1990 ).

Colorado squawf ish were f i rs t successful ly propagated at Wi l l ow Beach Nat ional
Fi sh Hatchery in 1974 . Progeny s ince have been obt ained by bot h arti f icial
and natural spawning (Hamman 1981; Toney 1974) . Wi l d Colorado squawfi sh
obta ined from the Green and Col orado Rivers in aut umn 1979 spawned over fil t er
gravel in raceways. Wi ld- caugh t and ha tchery-produced broodst ack at Oext er
Nati onal Fi sh Hatc hery. New Mexi co, spawned in May and June after an inj ecti on
of pitui tary ext ract i product ion was primaril y li mi ted by t he physi cal
cons t rai nt s of the facil ity for holding and grOW ing young (Hamman 1986) .

Growth

As with most f i shes, Col orado squawfi sh growth rates are variable and
dependent upon water temperat ure , f ood , water quali ty, age , and numerou s other
paramete rs . Tyus (1988) reported that t he growth r at e of 59 t agged and
recaptured adult f i sh i n t he Green River averaged 10.2 mml year ( .4 in./year) .
Vani cek and Kramer (1 969) back-cal cu la ted mean TL' s at annulus format ion for
182 Colo rado squ~wf i sh f rom the upper Green Ri ver, Ut ah. The f i sh ranged in
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squawfish were radio -tracked by Service personnel fr om 1980-88 (Tyus 1990) and
five were tracked by National Park Service and Colorado Divi sion of Wildl ife
workers in 1982 (Wi ck et al. 1983). Collections made on the two known
spawnin9 9rounds durin9 1981-88 produced 308 Colorado squawfish, of which
208 were ripe and an add itional 67 fish showed secondary sex characte ri sti cs
associated with breeding condition (Tyus 1990) . Four fish t agged in the White
Ri ver were recaptured at the Yampa and Gray canyons spawning areas , and the
recapt ure of f ive f i sh tagged and recaptured 1n the Yampa River spawning
9rounds after 2 or more years indicate a fidel ity to that area (Tyu s 1985,
1990) .

It is possible that the Yampa spawni ng aggregation 1s histori cal ; Hol den and
St al naker (1975b) report ed increased numbers of ripe Colorado squawf i sh i n t he
lower Yampa River in July 1968·70 , and Seetha1er (1978) reported ri pe f is h
there in 1974 ·75 . Succes s ful reproduct i on wa s subst ant i ated when l arval
Colorado squawf ish (9 to 13 mm [ .35- .51 in] TL) were taken bel ow ri ver
kil ometer (RK) 32 (rivermile .[RM] 20) on the Yampa and down stream Green Ri ver
in 1980, 1981 , and 1982, and below RK 40 (RM 25) in 1983; however , only one
has been collected upstream from these point s (Haynes et a1. 1984 ; Tyus et al.
1987) .

Gray Canyon of the Green Ri ver was suspected as a spawni ng si te in 1981 when a
radi o-impl anted Colorado squawfish from the White Ri ver wa s tracked to t hat
l ocati on (Rad ant et a1. 1983; Tyus et a1. 1982a) . Spawni n9 was con f i rmed
there in 1983 (Tyu s 1985). Addit ional Colorado squawf ish have been tracked t o
Gray Canyon, and 111 r ipe fi sh were col l ect ed there in 1981-88 (Tyu s 1990) .

Rad iotelemetry studi es al so show up stream and downstreammovement of adult
Col orado squawfis h i n the upper ma i nstem Col orado River. One dramat ic example
wa s provided by a f is h radio-tagged in Gypsum Canyon of upper La ke Powel l on
Apri l 5, 1982 . On Jul y 9, 1982, the fi sh was located in the l ower Cat aract
Canyon area. The next contact was made above the Bl ack Rocks area of the
Colorado River some 258 km (161 .25 mil es) upstream. Thi s movement was
accompl i shed in 41 days and wa s beli eved related to spawnin9. At the end of
September , t he f ish was l ocated in the Col orado Ri ver near Cli fton , Colo rado,
approximatel y 320 km (200 mi les ) from i ts furthest documented down stream
locat i on. However, not all radio-tagged f is h in t he ma instem Colorado Ri ver
have displayed such dramati c migratory behavior . Radiotel emet ry studies
conducted by the Col orado River Fi shery Project from 1982-85 (Archer et a1.
1985; Miller et al . 1983) in the Grand Valley re9ion of the Colo rado River
found t hat movement durin9 April t o October wa s generally li mited to 40 -48 km
(25-30 mil es).

Two reaches of the Colo rado River conta i ning suspected spawni ng areas are
Bl ack Rocks to Loma (RK 217-233 [RM 135-145 ]) and Grand Juncti on to Clifton
(RK 257-290 [RM160-181 ]) (Archer et a1 . 1985). Location of l ar val squawfish
aggregat ions and the presence of sui t able spawni ng hab i t at i n t he Colo rado
River near Cataract Canyon 22-29 km (14 -18 miles) be low the confl uence of the
Green Ri ver, in Professor Val ley at above the conf l uence of the Green Ri ver at
RK 121 -137 (RM 75-85) , and upstream from the Dolores Ri ver confl uence at
RK 160 -185 (RM 100-115) indicate spawning is occur r i ng in or near these areas
as well (Archer et a1. 1985; Valdez 1990) .
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Reproduction and Kigrat ion

In the wild , male Col orado squawfish do not mature unti l they reach or exceed
400 mm (15.7 in.) TL and (based on scale agei ng t echn iques) atta in an age of
at l east 6 years; females mature a year l at er (Seetha1er 1978) . Tyus (1990)
found that ripe mal es averaged 555 mm (21 in .) TL (n-194) , bu t r ipe female s
averaged 654 mm (26 in. ) TL (n-14) on spawni ng grounds i n t he Green River
basi n. Hatchery· reared males matured at 5 years and femal es at 6 years of age
(Hamman 1981). , Some of these hatchery fish mat ured naturall y while others
produced gametes on ly after an injection of carp pituitary extract (Hamman
1981 ). .

Colorad o squawf is h gonads ripen during spring runoff (May-June) . Laboratory
and f i el d studies indicate that spawn i ng begins when water temperature s reach
about 210C (700F) (Hamman 1981; Mi ll er et a1. 1982a; Toney 1974 ; Vanicek and
Kramer 1969). Archer et al. (1985) , Haynes et a1. (1 984) , and Tyus (1990)
found that spawni ng occurred between l at e June and mid · August when water
t emperatu re reached 18-250 C (640- 77 0 F) , wi t h peak spawni ng activity occurr i ng
between 22 -250C. Although turbidity has precluded direct observat ion of
spawn i ng behavior , rad iotrac king and coll ect i on data suggest similar it i es t o
the northern squawfi sh (Beamesder fer and Congleton 1981; Pat ten and Rodman
1969) .

Radiotelemetry studles and collec ti on s of spawning fi sh have added to the
knowledge of Colorado squawfi sh spawni ng act i vit ies , seasonal movement s , and
habi t at use (Mi ll er et al . 19B4; Radant et al . 1983; Tyus and McAda 1984; Tyu s
et a1. 1982b; Tyus 1990; Wick et a1. 19B3) . Du r ing t he spawning season , adult
Colorado squawfish have been known to migrate up to 320 km (200 miles) ,
upstream or downstream, to reach spawning areas in the Green Ri ver Bas i n
(Mil l er et a1. 19B3; Tyus 19B5; Tyus 1990) . Homing behavior and f idelity to
spawni ng locati ons has been indi cated for Colorado squawf ish i n the Green and
Yampa River s (Tyus 1985; Tyu s 1990; Wick et al . 1986) . Some authors suggest
that repeat ed use of t he same spawni ng areas may refl ect a limi ted
ava i l abil i ty of spawning habi ta ts rather t han true homi ng (Archer et al . 1985;
O' Brien 1984 ) ; however , Tyus (1 990) reported t hat mi grat ing Colorado squawfis h
pass t hrough ma ny mi l es of potent ia l spawni ng habitat t o reach specifi c
spawni ng areas i n Yampa Canyon . However , al l adult -sized Colorado squawf ish
may not spawn annuall y. and a l ack of l ong-di st ance migratory behavio r ha s
been assoc iated wi th l ess t han annual spawni ng and sexual immat urity (Tyus
1990; Wick et a1. 1983) .

Radiotelemetry st udi es in t he Green River basi n suggest that spawni ng i s
concentrated in two maj or sites: (1) t he l ower 32 km (20 mi le s) of Yam pa
River canyon; and (2) Gray Canyon of t he Green Ri ve r (Tyus 1985 ; Tyu s and
McAd a 1984; Tyus 1990 ; Wick et al. 1985) (see Fi gure 2). Spawning al so is
suspected in Labyr inth Canyon in t he Green River about 50 km (31. 25 mi les )
upstreamof t he Col orado River conf l uence (Tyus et al . 1987) . This i s
supported by the capt ure of many young larval fi sh (protolarvae) immediat ely
downstream of t hi s reach (Valdez 1990). Radiotel emet ry, collections of r ipe
f i sh, and recaptures have con f i rmed lo ng-di st ance mi grat ion to these lo cal es.
These migration s average about 90 mi le s . and include both upstream and
downstreammovement s (Tyus 1990; Wick et a1 . 1983) . A t ota l of 153 Col orado
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temperatures may not accurately portray temperature preferences of Colorado
squawfi sh because the species frequently utilized habitats outside the main
river channel , such as large backwaters, gravel pits , and flooded bottomlands,
which may be controlled more by ambient air temperatures and solar radiation .
In laboratory experimentation, Marsh (1985) found that optimal temperatures
for embryo development and hatching of Colorado squawf ish was near 200C
(680F). Percentage hatch was highest and incidence of abnormalities lowest at
that t emperature. Tyus (1991) found that young Colorado squawfi sh moved in
and out of backwat er habitats as water temperatures fluctuated. The young
fish apparently moved into backwaters that were warmer that the river
channels, but moved back int o the river as backwater te mperatures declined.

Temperature preferences have been determined in the laboratory for Colorado
squawfi sh reared at Willow Beach National Fish Hatchery in Arizona. Juven il e
Colorado squawf i sh accli mated to 200C (680F) selected a higher temperature
(26 .60C [800F)] than those acclimated to either 260C (780F) or 140C (570F);
fi sh acclimated at 260C (7BOF) sel ected 23 .70C (750F) ; and those accl imated at
140C (570F) sel ected 21 .90C (71 0F] . Adult s sel ected temperatures rang i ng from
21.50 (71 0F) t o 25. 70C (780F) , with a final t emperature preference of 25 .40C
(780F ) (Bul kley et al . 1982). Maximum growth of 45 to 100 mm (1.7 -4 in. ) Tl
Colorado squawfish in a l aborat ory st udy occurred at 250C (770F), whil e growth
at 200C (680F) and 300C (860F) was about 50 percent of the maximum (Bl ack and
Bul kley 1985) .

Table 1. Temperatures associated with Col orado squawfish migrat ion and
spawning peri ods in the Yampa River , 19B1-BB [adapted from Tyus and Karp
(1989») .

Type
Wat er Migrati on Spawni ng

Year Year Period Temp. (mean) Peri od Temp . (median)
Dat es Co FO Dates Co FO

1981 l ow 5-12 t o 6-20 13 .8° 57° 6-19 to 7-20 21.8° 71 °

1982 Average 6-10 to 6-20 12 .70 55° 7-4 to 8-8 22.00 72°

1983 High 6-10 to 7-10 13 .40 56° 7-12 to 8-18 22 .50 73°

1984 Hi gh 7-10 to 8-17 22 .0° 72°

1985 High 6-21 to 7-25 20 .0° 68°

1986 High 6-27 to 8-5 20 .Bo 69°

1987 l ow 6-3 t o 7-16 20 .5° 69°

1988 Average 6-8 to 6-30 16.9° 62° 6-20 to 7-24 21.50 71°
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Cultural, Economic. and Biological Importance

Hi stor icall y, the Col orado squawfis h was an important source of food for human
res idents . Ameri can Indians caught them along the l ower Col orado River and
i t s l arger tri but ar ies in Arizona (Hil l er 1955, 1961 ; Hi nckley 1965 , 1973;
Hinckley and Al ger 1968 ; Rost l und 1952) . The species was reported from the
Upper Basin as ear ly as 1B25 , when Colonel W.H . Ashley's party subsi sted on
f ish caught by angling in the Green River (Hor9an 1964) . Oe11enbau9h (1908)
al so reported the capture of Colorado squawf i sh during the 1871 Powell
expediti on. Jordan (1891) identified Colorado squawfi sh as the largest and
best food fi sh of the l ower Colorado River. Commercial anglers operated on
the l ower Salt Ri ver from the time of set t l ement until about 1910 , and withi n
the Sa l t River Canyon unt il t he 1930 ' s and perhaps longer (Chamberl ain 1904 ;
Hinc kley 1965). The species was widely sou9ht by angl er s prior to its
preci pi tous decline in the peri od 1930-50 in the Gila Ri ver at Dome
(Ri chardson in Hi l l er 1961) and Safford (Chamber l ain 1904) , Salt River Canyon
(Dammann in Hinckley 1965), and Roosevel t Lake (Frazier in Hi l ler 1961) .

Ind iv Idual s weighing 2.7 t o 15.4 kg (6 t o 34 pounds) were commonly caught
along t he lower Col orado River prior t o 1949 (Hoffett 1942, 1943; Wall i s
1951). Hi nckley (1973 ) stated, "It is notab l e that the name ' salmon, ' in some
conte xt or al one, was used excl usively for Ptychocheil us , and that no other
names for the species were known to the [12] person s i ntervie wed . " Hi s
information was coll ected t hrough i ntervi ews wit h "old -t imers " al ong the Gil a
and l ower Col orado Ri vers ; t he common name presumabl y wa s derived fr om t he
s i ze , appearance , and pal atabil i ty of the species, as well as i t s mig ratory
tendency i n the spri ng. Resi dent s of Vern al , Ut ah , remarked about the former
abundance of the f is h, which reached sizes of 23 .6 kg (52 pounds) , in t he
Green River (Vanicek 1967) . Seet ha1er (1 978) summar ized intervi ews wit h local
peop le who report ed specimens of up to 13. 6 kg (30 pounds ) fro m t he upper
Green River in Colorado and Wyoming. Seetha1er (1978) included a repor t of a
Colorado squawfis h 1.7-1.8 m (5 1/ 2 t o 6 feet) in l ength caught in 1911 just
bel ow t he confl uence of the Green and Yampa Rivers in O;nosaur National
Honument , and incl uded a photograph of a 11.3 kg (25 pound) adult t aken in
Oinosaur Nat ional Monument in 1928.

Hil ler (1961) , Wick et al. (1981), and others reported t hat Col orado squawfis h
may have sport f ishing potent ial . The Col orado squawf i sh ha s t he potenti al to
atta in a l arge s iz e , t akes arti f icial lures readil y, and ha s been reported as
"good-eat ing" in hi st ori c accounts . The State of Arizona and the Serv ice are
formulating plans to rein troduce and manage Colo rado squawf ish for
spor t f i shing in the l ower Colorado Ri ver . A f ishery management plan for
Kenney Reservo i r on the White River i n Colorado simi l arly includes development
of an experi ment al sport f is hery for Col orado squawf is h (Harti nez 1986b).
Approximat ely 17 ,000 Col orado squawf i sh f ingerl i ng s were stocked int o Kenney
Reservoir in Apri l of 1988, about 33 ,000 in 1989 , and about 36,000 in 1990 as
par t of a 3-year experi ment al program to establ i sh a sport f ishery. The
success of thi s stocking program will be evaluated through 1992. No f urther
sto ckings are planned. pendi ng completion of t he evaluati on.
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ImpQr t ance Qf Tri but ar1es

Tr ibut ar ies Qf the Green and ColQrado Rivers may be especially important t o
the cQntinued survi val Qf t he Colorado squawfi sh. ColQrado squawfis h
histori cally or present ly occupy tributar ie s of the Green and Colorado Ri vers ,
includi ng the Yampa , Duchesne, White , Gunnison, Dolores . and San Juan Ri vers
in the Upper Basin, the Gi la River and its t ribut aries , the Salt , Verde, and
other rivers in the Lower Basin . Taggi ng and tel emetry studies i ndicate the
Colorado squawf is h moves long di sta nces fr om spawni ng areas in the mai nstem
Green River to feedi ng and overwintering areas in the Yampa. White , and
Duchesne Rivers (Mi l l er et al . 1982a, 1982b, 1983; Radant et al . 1983; Tyus et
al . 1982a , 1982b, 1987). Tyu s (1986) sU9ges ted tha t tr ibutari es play an
importan t rQle in the life hi story strategy of the CQlorado squawfi sh and
perhaps serve to reduce intraspeci fic compet i tion.

Mi ller et al. (lg82a) report ed a net movement of juveni les from t he Green
River to the Wh ite Ri ver , wh i l e Radant et al . (1 983) documented movement of
adul t f is h between t he White and Green Rivers and Green and Yampa Rivers
dur i ng the spawn ing season. There al so i s a downstream movement of l arval
Col orado squawfi sh from the Yampa Ri ver to the Green Ri ver (Haynes et a1.
1984; Miller et al. 1982 b; Tyus and Haines 1991). Furthermore, a net upst ream
movement of adult and juveni le Col orado squawf i sh from the Green Ri ver i nto
the Yampa Ri ver has been suggested by Mil ler et al . (1982b) and Tyus (1986,
1990) .

Col orado squawf i sh l arvae have been col l ecte d from the Yampa River withi n
Dinosaur National Monument each year dur ing the peri od 1980-88 (Nesl er et a1.
1988; Tyus and Haines 1991; Wick et al . 1981) , and spawni ng mi grat ion s intQ
t he lower Yampa we re observed in 1981-88 (Wi ck et al . 1983; Tyus 1990) .
Holden (1980) and Tyus and Karp (1989) indic at ed that f lows from the Yampa
Ri ver were importa nt to t he recrui tment of Col orado squawf ish in the Green
River . Analysi s of t he hydrographs indicat es that the Yampa Ri ver is the
primary contri bu tor of high spr ing f l ows in the Green Ri ver whi ch general ly
exceeded 12,000 cf s at the Jensen gage . Spr i ng f lows of the Yampa River
affect t he t iming of Colo rado squawf is h spawning migrations (Tyus 1990) .

Reasons for Decline

Hi stori cal ly , the Col orado Ri ver was characte riz ed as a river with wide
seasonal f low f luctua tions (Waters 1946 ) . It was kn own as Rio Colo rado , the
great Red River of the West . Over 2,700 km (1, 687 mil es) l ong , i t i s cl iff
bound i n canyons throughout much of i ts course . It drops over 3.2 km
(2 mi l es) in its j ourney t o the Gulf of Cal i for nia, t hereby creat ing some of
the most t urbul ent waters found on eart h. At Lee' s Ferry, Colorado River
st re amfl ows vari ed from 750 cfs in 1924 t o an estimat ed 300 ,000 cfs in 1884
(White and Garrett 1988) . Few rivers were so lad en wi th si lt. Averaging
0. 62 percent sil t cont ent by volume, it formerly carried more than
100 ,000 acre -feet (1 2,000 ha-met er ) of soil to t he Gul f of Cal i forni a each
year . It al so i s high in mi neral sal t s : carbonates ; sulfa te s; and chl orides
of cal ci um, sodi um, a n ~ magnes i um.
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The Co19rado Ri ver has changed dramatically since the t urn of the century .
More than 20 dams have been constructed on the ma1 nstem and tributaries s ince
1913 . Declines of native fishe s directl y downstream from reservoir s are
clearly related to colder water temperatures (Van icek et al . 1970 ) . Other ,
more subtle factors include changes in st ream nutri ents , altered seasonal and
dail y di scharge patterns , and lowered t urbidi ty . N~ trients that once occurred
i n the rivers now are retained in the phytopl ankton and zooplankton
popul at ions of reservoirs. Water from the hypol imnetic l ayer of deep
reservoi rs carries far le ss dis solved material s and fine parti cul ates to
fe rtilize down stream river reaches . Sediment s are trapped by reservoi rs so
that downstream channel bottoms tran sform f rom sand to armored cobbl e and
boulder . Channeli zati on below dams has reduced t he number and s ize of
bac kwat ers and sloughs that are soug ht after by Colorado squawfi sh and other
nati ve f is he s for nursery and rest ing areas . The natural cycle of fl ood and
drought i s repl aced by st able di scharges and water l evel s ; seasonal
fluctuations are replaced by variabl e demand s for irr igat ion wa ter or
hydroelectri c power . This combi nation of factors ef fectivel y el iminate d
Col orado squawf is h and most other nat ive species in 105 km (65 .6 mil es) of the
Green Ri ver bel ow Fl aming Gorge Dam (Van ic ek and Kramer 1969; Vani cek et al .
1970) , cau sed vast biological modi f ic at ion in essenti al ly the ent ire 389-km
(243,mi l e) reach of t he Col orado River mai nstern in Ha rbl e and Grand canyons
bel ow Glen Canyon Dam (Carother s and Hinckley 1981 ), and resulted in t he
excl usion of most warm-wat er f ishes, both na ti ve and introduced , from l ong
reaches of the Colorado below Davis Dam (Hinckley 1979) .

Speci fi c streamfl ows and water temperatures are particul arly important for
young Colorado squawfi sh. Representat ive shal low, ephemeral backwater and
shorel i ne habi ta ts in the Green River have been sein ed fr om 1979-88 to
determi ne the growth and rel at ive abundance of larval Col orado squawf i sh (Tyus
and Haines 1991) . The lowest rel at ive l arval growth and fi sh abundance were
observed in 1983 and 1984, and were correlat ed with abnormal ly high summer
fl ows fromFl aming Gorge Dam that inundat ed nursery habi ta t (Tyu s and Haines
1991). Streamf low mod i f icat ions bel ow maj or Federal reservoi rs are curr ent ly
being eval uated by the Bureau of Recl amati on and the Service t o determine t he
relati onship between f lows and survi val of young Colo rado squawfis h.

Kaeding and Osmundson (19B8) provided data indicating a relat ionship between
slow growth of Col orado squawf is h in the Col orado River above l ake Powell and
the l imi t ed avail ab il i ty of warm water temperatures to support growth. They
suggested that sl ow growth decreases reproduct iv e potent ial by l engthening the
time it takes an ind ivi dual to reach sexual maturity . Al so, thi s l ong growth
per iod may increase t he suscept ibi l i ty of young Colorado squawf i sh to
mortal i ty. During recent t imes, mort al i ty rates have probably increased due
to habi tat changes and the competi t ion by nonnat i ve f ish speci es.

Higher spr ing f l ows may be bene ficia l to Col orado squawf i sh and detr imenta l t o
introduced f i shes. Wick et al , (1983) sugges ted a relationship between spr ing
fl ows and fish abundance in the Yampa River. Catch rates of yo ung squawfi sh
in the Col orado Ri ver are lower in years of low spring flow whil e numbers of
introduced minno~s great l y increase (Osmundson and Ka ed i ng 1989; McAda and
Kaeding 1989). Hi gher spring fl ows al so may prov ide ter rest rial food for
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Colorado squawfi sh (Tyus 1986 ; Tyus and Karp 1989) . Hinckley and Heffe (1987)
report ed that native f ishes in the Ameri can Sou thwest are favored by fl ooding
in st reams . Peri odic high flows in six unregulated Ar izona streams reduced
the number of sunf is h and catfish, while native f is hes were almost unaffected.

The introduct ion of nonnative fi shes al so i s implicated In t he decline of t he
Colorad o squawf lsh. The qu iet waters of the f i rst reservoirs const ructed in
the lower Basi n were i nhabi ted initi ally by nat i ve fishes, inclUding Colorado
squawf is h. Substantial catc hes of Colorado squawfi sh were made from Roosevelt
la ke from 1913 t hrough 1937 (Frazier in Hill er 1961) , and main stem reservo irs
on the l ower Colorado River yielded Colorado squawfi sh of considerabl e s ize
(Dill 1944; Walli s 1951) unt il the 1960 ' s (Hi nc kley and Deacon 196B). By t he
time la kes Roosevelt and Head were filled , however, impounded water s became
populated by a var iety of i nt roduced species (Hinckley 1973) whose range
expanded rapidly as additional reservoirs were bu i l t . In Arizona, about
28 fres h-water and 3 salt ·water native species have been joined si nce the t urn
of t he century by at l east 60 introduced f ishes (Hi nckley 1973) . Of 55 f i sh
species curre ntly found in the Upper Basin , 42 were introduced (Tyu s et al .
1982b) . In the 1960 ' s , programs were undertaken in various l ocati ons in the
Colorado Rive r t o eradic ate or reduce f is h popula tions to improve
opportuni t ies for est abl ishment of trout . Dur ing t hese eradic ation programs
numerous Colorado squawf is h along with other native and nonnat ive f i sh were
ki l l ed (John Hamill , U.S. Fi sh and Wil dlife Service, 1991 , pers . comm .) .

Introduced f i sh may have subjected Colorado squawf ls h to biological
int eracti ons to wh i ch the latt er were poorl y adapted due to their previ ous
i solat ion (Ho l le s 1980) . In thi s respect, the Co l orado squawfi sh may be
compara ble to some geographi cal ly is olated i sl and faun as that were qui ckly
decimated by compet i t ion or predat ion with nonnat ive species (Holl es 1980) .
Mortal ity as a resul t of Col orado squawf1 sh choking, when preying on channel
cat f is h, has been discussed by HcAd a (1 9B3), Piment al et al . (1 985), and
others . The nature of inter action among native and introduced fi sh specie s i s
not wel l known. However , Karp and Tyu s (1990) report ed that age-O Colorado
squawf i sh may be negat ively affected by smal l, nonnat ive fis he s , parti cularly
red shiner , flat head minnow, and green sunfis h. Haines and Tyu s (1 990) found
that age-O Colo rado squawfis h were sympatr ic with 15 nonnat ive fi shes,
incl ud ing red shiner and f lathead mlnnow_ They detected no segregat ion in
hab itat use between Colorado squawf ish and nonnat ive fis hes .

loss of f i sh habitat and habitat fra gment ati on due to stream blockage could
pose a threat t o t he recovery effort and has been implicated in the systematic
l oss of the f i sh. Sheldon (1988) found that al t erations of ri ver drai nages by
fragmentat ion l ead s to a reduction of species di vers ity and species
ext inction. In t he upper Colorado River, blockage of the Gunni son and upper
mainstream by di vers ion dams have no doubt res tr icted access of the f i sh to
presumed habitat s (Valdez et al . 1982a). Con struct ion of Flaming Gorge Dam
inundated spawning habi tat s and bl ocked upstream pas sage. Construct ion of
Tayl or Draw Dam on the White River ha s blocked the movement of upstream ,
return migrant s (Hart inez 1986a) and resulted in a loss of about 80 km
(50 mil es) of adul t hab itat from which mature fi sh contri buted to the spawning
agg regat ions in both Gray and Yampa canyon s (Tyus et al. 1987). Fragmentat ion
of the riv ers in the lower Basin undoubtedl y restri cted movement ove r much of
t he histor ic range of the Colorado squawfis h.
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In September 1962, the area of the Green River now Impounded by fl aming Gorge
Damwa s treated with rotenone in order to establ i sh more favorable cond it ions
for game fish species. Thi s poisoning effectively eli mi nat ed Col orado
squawf i sh 1n the reservoir basin, and an accident occurred i n which a smal l
proportion of the t oxi c subst ance apparent ly t ravell ed downstreampast a
detoxi fi cati on station to the vicin ity of Dinosaur National Monument . Banks
(1964) noted a signi f icant reducti on in the number of species capt ured at four
stations wi thi n Dinosaur National Monument shortly afte r the accidental
treatment . The greatest reducti on appeared to occur at the Gates of lodore in
the nort hern and most upstr eam porti on of Di nosau r Nati onal Monument , while
the l east impact wa s noted at a down stream site . However, Binns et a1. (1963)
concluded t hat li t t l e long- t erm impact to the f i sh species composition had
resulted from the t reatment .

Colorado squawfish have di sappeared f rom areas upstreamof reservoirs (e .g. ,
Salt River above Roosevel t la ke , Arizona; Green Ri ver above Fontenel1 e and
Fl aming Gorge dams , Wyoming; San Juan River above Na va jo Reservoir, New
MeXi co) and in reaches that appear littl e changed from predeve10pment
condit ions. Reasons for these disa ppearances or decl ines are not full y
unde rs tood, but probably involve subt le changes in habita t, compet i t ion and
predation from int roduced species , blockage of spawning mi grations, l ack of
sui table spawn ing hab itat , post-dam eradicat ion programs , and/or los s of adult
fish from angling. In summary, the absolut e cause for t he decline of Colorado
squawf i sh is not ful ly underst ood but i s probably rel ated to a comb inat ion of
fact or s, inclUding di rect l oss of habitat , change s in flo w and t emperature,
bloc kage of mi grati on routes , and interact ions with intr oduced f i sh species .

Sensitive Areas and Priority Recovery Areas

Sens itive Areas

The Biologi cal Subcommit tee of t he Upper Colorado River Coord inati ng Comm i ttee
developed criter ia and prepared a l i st of sensitive areas depict ing t he
l ocat i on of import ant spawning, nursery, juven il e , and adult habit at s , bot h
past and presen t , in t he Upper Ba sin (U.S . fish and Wildli fe Service 1987)
(F igu re 3) . The Recovery Team ha s adopted thi s report and has recommended
that a simi l ar documen t based on appropriate criteri a be devel oped for the
Lower Basin. Because Colorado squawfish have been ext i rpated from t he Lower
Basin, criter ia would be esta blished primarily to identify prior ity areas for
research and recovery.

Prior ity Areas for Recovery

The highest pri ori ty Colorado squawf i sh recovery areas occur in the Upper
Basin , and include, in order of import ance, the Green, Col orado, and San Juan
subbasins. The Green River subbasi n includes the mainstem Green, Yampa,
Litt le Snake, White. and Duchesne Rivers . The Colorado Ri ver subbasi n
includes the Gunn is on and the Dolores Rivers , and the San Juan subbasi n
incl udes the Animas River. The Green River subbas in cont ai ns t he l argest and
most viabl e populat ion of squawf ish in the Colorado River basi n (Tyu s 1991b) .
As SUCh, the Green River and its t r ibutari es const i t ute the highest priori ty
si te for recovery and maintenance of Colo rado squawf ish.
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Fewer squawfis h are found in the Co lo rado River . However, occurrence of adult
and l arval f fsh has been documented annual ly sinc e at l east 1979 (Valdez
et al . 1982b). Recovery of the species in the Colorado subbasi n requi res t he
protect ion of the Col orado River. If stocking proves to be a success ful
techn ique, then augment at ion of exi st ing populations in t Ile Col orado River may
be necessary to provide suf f i c ient numbers of fish for succes sful reproduct i on
and effec tive management .

Recent studies indicate that the San Juan River contains a small, reproducing
populat ion of Col orado squawfish . Th is river wil l be especial ly import ant If
recovery efforts fa il on t he Colorado or port ions of t he Green Rivers.
Augmentati on of exi st ing populations of Col orado squawfish in the San Juan
River al so may be necessary to provide suffic ient numbers of fish for
success ful reproduct ion and effecti ve management .

Stock ing of f ish in the San Juan subbasi n or in the Green/ Upper Col orado
subbasin should on ly be done after .the genetic s are documented (to dete rmine
i f a number of genet icall y separa te popula t ions are present ) and if i t is
determi ned t hat the current populat ion i s not viable . If t here are
genet ical l y separabl e populati ons, then broodstock shoul d be taken fromthe
resident popula t i on and young reared for eventual re introduct ion into the
resident reach . However, such stocki ng should occur only in accordance with
an int egrated management and restorat ion plan .

The Lower Basin no longer ha s naturall y occurring Color ado squawfis h. Much of
the habitat in the lower Basin has been s ever~ly al te red and contains
rel ati ve ly large populat ions of introduced fi shes . Of the remai ning habit at
in t he lower Basi n, the upper Verde and upper Sal t Ri vers are most pri st ine,
and thus offer the best opportuni ties for reesta bl ishment of Color ad o
squawf is h. Colorado squawfish in those rivers have been designated
nonessenti al expe rimental populat ions {U .S. Fi sh and Wil dl ife Service 1985} .
In addi t ion, there i s an act ive proposal by the Service to reintroduce
Colorado squawfi sh into t he mainstem Colorado River between Pa rker and
Imperial dams and designate thema nonessential exper iment al popul at ion. The
nonessenti al experiment al designation al lows stocked fi sh to be treated as
t hreatened speci es . For purposes of Section 7, any experiment al popul ati on
occurring wi thi n a Nat ional Park or National Wi l dlife Re fuge i s t reated as
t hreat ened . Outs ide of Nat ional Parks or Nat ional Wil dli fe Refuges , any
experimental popula tion is t reated as a proposed species for Secti on 7
purposes .

lower Basin ri vers also provide opportuni t ie s to conduct valuable research and
experimentation t hat may not be feasi ble or desirable in the Upper Bas in.
Ongoing st ocking and monitoring efforts by l ower Basin researcher s could lead
to a better unders tanding of the habi tat requirement s, homing behavi or, and
factors l imi t ing Colo rado squawfi sh survival. These activit ie s wi l l add to
our understanding of squawfis h biology and suppor t recovery effort s throughout
the Colorado River basin .
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FIGURE 3. Colorado Squawfish sensitive areas ,identified by
the Upper Colorado River Coordinating Committee (1987).

(San Juan River information provided by Ut ah and New Mexico.)
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