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A Btamina tunnel wan u d  to determine the prolonged swimming parformanca of age-0 hump 
back chubs Gila cypha, bonyttul chuh G. ekgans, and Colorado squawfmh Plychochdus /ucius 
and of aubadult Colorado tqunwfiah. The "fhtigue velocity" in body lengths par ~acond at which 
50% of tha test fish were fatigued (FV50) war datemind at 14,20, and 26T.  Ths ranem of W S O  
valw for thc thm 0mhm (average total length in paranthascs) were: humpbeoL chub (95 mm), 
4.4-5.7; bonytail chubs (99 mm), 4.7-5.8; smnll Colorado squrHBah (104 mm), 4.M.5; huge 
Colorado quawiltah (432 mm), 2.0-2.3: Absolute spstd of large Colorado sqwwflnh warn about 2.4 
timas that of amall Colorado sgmwlish. Swimming ability of the subyear- incmmul with 
i n c d  water ttmpcmtm. Thew rare flah had prolonged-umimnhg abilities similar to other 

The Colorado squawfish Ptychocheilus luciup, 
humpback chub Gila cypha, and bonytail chub 
G. elegans are endemic fishes of the Colorado 
River system that are threatmad with extinction. 
Major causes of their decline arc habitat modi- 
fication caused by dams, water depletion, and 
introduction of exotic species (Hiclunan 1983). 
Although the biology and habitat preferencas of 
thasa fishca have become better understood in 
recant yeam (Holden and Wick 1982; Valdez and 
Clcmmer 1982), there is dl a great need for 
biological data that can be used in planning and 
designing water development projects. This need 
has been addressed by recent field studits (Kaed- 
ing and Zimmennan 1983; Tyus at al. 1984), 
laboratory *dies (Pimentcl and Bulkley 1983; 
Berry 1984), and symposia (Miller et al. 1982; 
Adams and Lamarra 1983). However, there have 
k e n  no studies of the swimming abilities of these 
species. Such information ia needed for the prop- 
er design of fish ladders (Boyer 1961; Collins et 
al. 1962; Slatick 197 l), culverts (Jones et al. 1974), 
and water intakes wrn at al. 1979; Hettler 1979). 

Substantial literature exists on the swimming 
performance of many fishes (Baamish 1978), but 
the use of thesa data to predict the capabilities 
of unstudied species may be questionable. The 
objective of the present study was to determine 
the endurance of three rare fishm at prolonged 
swimming speeds. Prolonged swimming epee& 
arc thorn that a fish can maintain for 15 s to 200 
min, rather than burst speeds or s w s  that can 
be sustained indehitely (Webb 1975). We at- 
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temptad to reproduca sudden velocity incremes 
that might be encountemd by a fiah entoring a 
culvert or fish ladder. 

Methods 
All fish were hatched and reared at Willow 

h c h  (Arizona) National Fiah Hatchery except 
for the bonytail chubs, which were reared at Dex- 
ter (New Mexico) National Fish Hatchery. Fish 
wcre transportad to the Utah Water Research 
Laboratory, Logan, Utah, where they wcre held 
in circular tanka in which there were no apprt- 
ciable water current8. The photopariod was 14 h 
light : 10 h darkness and h h  fed on commercial 
trout pellets ad libitum twice daily. Water quality 
in each tank was controlled, so that dissolved 
oxygen concentrations were 90-100% of aatu- 
ration, pH waa about 8.0, and ammonia rs- 
mained below 0.2 m a .  Tempratwe acclima- 
tion to 14, 20, and 26°C followad procedures 
recommended by Richarda et aL (1977); fish were 
held at acclimation temperaturaa for at leaat 1 
week before tests. 

Fish were groupad for testing according to 
spbcia and t g l .  Colorado squadah were 
divided into grouga of large (375-491 mrn) and 
small (78-138 mm) fish. Humpback chubs were 
87-1 07 mm; the bonytail chubs 90-107 mm. Sex 
of tested individuals waa nbt determined, but 
because all fish were subadults, sex probably did 
not affect swimming performanca (Brett 1965). 

Swimming performance was determined in a 
stamina tunnel similar to that described by 
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TABLE I.-Swimming pe@ormance of three Colorado River fihes. Swimmlng veIoca& a! 2 and 120 min Lq 

expremd as body lengths (BL) get second at which 50% qfthefrsh werefatigued (FV50) and its equivalent 
absolute swimming speed; the 95% corlfrdence interval is in parentheses. 

Number 2 mln 
of 

ve ldt im Numbm FV50 Almoluta a- 
tested of Flnh fEUd (cdd 

- -  

a MY 40% of the f~ah ware faalpu4d In 2 m* rt the bighorn va ldty  teatsd (5.7 BUa). 

Thomas et al. (1964). The apparatus consisted 
of two 500-L reservoire connected by two pipes. 
a return-flow pipe, and the swimming chambcr, 
a plexiglas tube 2 m long nnd 20 cm in diameter. 
Blocking forces (Webb 1975) were probably in- 
significant becaust the largest Colorado squaw- 
fish's cross-sectional diameter was 9.9% of the 
diameter of the tunnel. An electroma~etic cur- 
rent meter recorded flow velocities, and a down- 
stream barrier was elactri0ed with 5-10-V alter- 
nating current to encourage tiring individuals to 
swim. The tunnel was wrapped with black pladc 
at the upstream end to isolate the fish but to allow 
the entrance of light from above. 

A standard testing protocol was used. The ap- 
paratus was filled with water at the acclimation 
temperature of the 0eh. One large or two small 
fish were acclimated to the tunnel for 5 min at 
a water velocity of 15 crnls. Preliminary tests 
indicatd no difference in prolonged swimming 
performance between fish acclirqated for 5 and 
20 rnin. Fish that did not swim in the tunnel 
during the acclimation period were excluded from 
the tests. AAer the acclimatiop period, fish were 
rapidly subjected to a selectad test velocity when 
a stop-door was removed at the rear of the tun- 
nel. An observer shocked tiring fish a8 needed 

and recordad the time when fieh became im- 
pinged on the electrified scmn as the fatigue 
time. Tests continued for a chosen period of 120 
min or until fish fatigued. 

Tcata with two to four 0ah were k t  conducted 
at selectad velocities to h d  a range over which 
the percent of fit& fatigued at 2 and 120 min 
varied from 100% to 0%, respectively. Than, at 
selecttd &xed velocides within the range, sample 
size was increased to 9-14 small fieh or 4-6 k g 6  

fish, deptnding on the numbar available. Tested 
fish were measured, returned to holding tanks, 
and monitored for mortality. Tested fish were 
not r e d .  

The method used for estimating swimming 
ability was basically that d by Brett (1967): 
the fatigue times of individuals in a group were 
determined at a constant water velocity. Analysis 
of covariance (covariate equals fish length) ww 
usad to evaluate the effects of water temperature 
and velocity on fatigue times. We used a "do* 
msponw'' curve to characterize the relation be- 
tween velocity and percent fatigued. The curve 
was plotted as straight-line connections of three- 
point moving averages. Tha FVSO (velocity at 
which half the fish fatigued) at 2 and 120 ruin 
was detarmined algebraically by linear interpo- 
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Fmum 1.-Relolion between percentage of faiguedfirh and water velocity at 14, 20, and 2BC for three species 
of rare Colorado River-*ha. Points on lines (open symbob) are the moving averages of three experlrnentql 
dda poinrs (solid symbols). The 120-min FVSO, or velocity at which 50% of thefih were fatigued in 120 min, 
is shown with 95% corlfidencc intervals. The values on the upper velocity a.h are bared on the average length 
qfallfirh tested In each group. 

lation (Thompson 1947). Standard deviations and 
the t statistic were usad to form 95% confidence 
intervals. 

The 2-min W 5 0  values for each teat group 
were slightly larger than the 120-min values (Ta- 
ble l), hdings that agr& with Brett's (1 967) data 
for sockeye salmon Oncorhynchus nerka. As ex- 
pected, the FV50 values in body lengths/s for 
largc Colorado squawfish were lower than those 
for small ones, but when expressed in absolute 
speeds, the fish-length-speed relation was posi- 
tive. The humpback and bonytail chubs par- 

formed similarly and had higher FV50 values 
than Colorado ~quawfiah of about the same size. 

Analysia of variance showed that water vcloc- 
ity signi6cantly affactad the mean fatigue time 
for all species (P < 0.0 1). Fish-length rangee cov- 
ered 116 mm for large Colorado w u a d s h  and 
only 17-60 mm for other groups, but these dif- 
fcrencas had no significant effect on fatigue time 
(P > 0.01). 

Temperature significantly affected the ptrfor- 
mana of d bh (anal* of covariance, P < 
0.01), but not of large fish. Increasing tempera- 
tures usually reveal some optimum at which the 
gwimming ability of fish is maximum (Brett et 
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TABLH 2.-Prolonged swimming pedormance of several freshwater f i rha  expressed ar M y  length (BLJ per ,,?! 
second and its eguivalent absolute swimming sped. :;.: 

, I .i , > 

T a p -  Prolo~rpesd :, :.! 
Total length aturc , I. -, > ,%' 

M BUn omh Souma 
/; 

S p i a  (a) . I: + .  

.. X: 
Athtic ulmon . , ,  

< j$, 
Salmo s a h r  23 15 2.1-3.2 50-76 Kutty and bun@# (1 973) 

Coho d m o n  

20 3 1 4 1  Brett st al. (1958) Oncorhynchur krnctch 6-9 4.6-5.4 
Rainbow trout 

6 20 4.1-7.1 25-43 Butler md Millom*n (1971) Salmo gairdnml 

al. 1958). Ow data for the humpback and bony- 
tail chubs arc consistent with this generalization 
(Fig. 1). The mall Colorado squawfish par- 
formed better at 26T than at 20°C, but their 
inkmediate parfomance at 1 4 T  confounded 
the trend. Large Colorado equaw0sh did not im- 
prove performance with increase in tempera- 
ture-an unexpected result that may have bean 
related to the small sample size or to the possible 
inaccuracy of estimates made without fatigue data 
betwaan 0 and 100% (Stephan 1977). 
We noticed p a t  variation among individuals 

in awimrning ability, aqmdally at intcmedia~ 
velocities. Such variability has been noted by 
others (McNoish and Hatch 1978; Kovacs and 
Leduc 1982) and probably represents different 
levels of motivation, stress, and ability within 
each species. 

Dlecmrsion 
These rare Colorado River fishes have biolog- 

ical traits that may confer survival advantages 
in swift, sometime8 turbulent waters (Minckley 
1973). The narrow caudal peduncle and high as- 
pect ratio (square of the maximum fin height 
divided by the fin area) of the caudal fin of the 
humpback and bonytail chubs suggest suprior 
swimming ability compared with that of other 
species (Lighthill 1969). Although the ability of 
thew two species was grater than that of the 
Colorado squawfah of similar size, their pro- 
longed swimming performance. at 20°C was sim- 
ilar to that of some other fishes (Table 2). A 
downward bias to our dqta may have resulted 
from the usu of unexarcised fish (Webb 1975) 

and &om our use of a sudden velocity inmcaae, 
instead of the gradually increasing velocities usad 
in other testa. 

The h a 1  tempmature preferendurn for theta 
speciea is 2625°C (Bulkley et al. 1981). It is . 
generally assumed that the final preferendurn is ' 

the optimum temperature for moat physiological 
functions of fish. Hence, the swimming perfor- 
mance of these sptcies at 2 6 T  was probably new 
maximum, although this conclusion is specula- 
tive becauao stamina was not evaluated at higher 
temptraturaa. Maximum prolonged swimming 
of other eurythermal specits usually occum at 
temptraturcs between 25 and 30°C (Beamhh 
1978). 

Hydroelectric plants and other industrial com- 
plexes remove water at Btrvctures that are po- 
tential sitea for entrainment and impingement of 
young fish. Rbcommended approach and screen- 
face velocities at intakes art about 15 cmh 
(Elamas 1976). The 120-min FV50 for small fish 
exceeded 35 cmle at all ternpcraturas; conse- 
quently tho fish tested in our study should be 
able to avoid entrainment. However, larvae may 
be the most vu4mnble Life stage, m d  there is no 
publishad information on their swimming abil- . 
ity. 

F i ~ h  passage must be provided to preserve mi- 
grating species such as the potarnodrornous Col- 
orado squadsh, which undertakes epawning 
migrations of several hundred kilometres (Tyus 
1983). Fish laddm have been suggestad as a pos- 
sible conservation maasure because the noahern 
squadsh Ptychocheilur oregonenris readily uses 
fish ladders on the Columbia River (Clay 196 1 ; 
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Zimmer and Broughton 1965). Our data 8hould 
partially define one of a dozen biological criteria 
needad to design an expcrlmental fish ladder 
(Trueba and Drooker 1982). Additionally, data 
such as ours are required in formulas u d  to 
design culverts for 0Bb passago (Watts 1974; Ev- 
m u  and Johnston 1980). 

We a m p t a d  to simulate conditions that these 
fish might encounter after hydrolo& alterations 
in st- habitat; however, our data arc incom- 
plete for moat engineering and construction plan- 
ning. Many other a s p t s  of the swimming per- 
formance and behavior of each lifa stage must 
be examined before developem can adequately 
considar fish preferences. Our data am probably 
conservative becaw of the limitations of the ted 
apparam and the UEC of unexercised fiah. The 
effect of fish length, water velocity, and water 
temperature on wrimming ability could hava been 
prtdictad h r n  cxieting literature (&amish 1978). 
Unique to our study was the opportunity to evd- 
uate the qxci6c abilities of thoaa rare fiahea and 
the finding that their abilities ware similar to 
those of other fishes of aimilar size. Thia is en- 
couraging bacause existing data for other species 
can augment our data in solving hh-pasmge and 
entrainment problems. 
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