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INTRODUCTION

The puipose of this experviment was to determine the
maximum length of time that squawfish, suckers, and chubs
(f:om Flathead County, Montana) could continue to swim
against different vate. velocities. An attempt was also
made to estimate the maximum distance a fish could swim

at seveval different vater velocities.

+HIETHODS AND LATERIALS

The fish were trucked to the University of Washington in
a very efficienc insulated fiber-gliass tank and arrived in
excel.ent condition. Pure oxygen was used to aerate the wate:.
The fish vere held at the University in a rectangular hatchery
racevay that measures 5 by 29 feet. Wate. entered the head of
the raceway at the rate of about 12 gallons per minute. The
vate. temperature in the raceways duving the testing periods
cvanged from 63 to 65 degrees, The raceways wece divided by
plywood partitions into 13 cowpartments; each compartment was
39 inches long, 32 inches wide, and 24 inches deep. Thirty

holes of 1/2 inch diameter were drilled in both tihe upstream



and downstream ends of the boxes to provide entrance and
exit for the water. Each box was fitted with a plywood

1lid that shielded the fish f:rom the sun. Three fish wece
placed in each of the 15 compa:tments; one each of tiae three
species.

The fish viere tr-ansported to the testing room by weans
of a stainless steel carrying box (Fig. l). To capture the
fish, the box was lowered into the holding box by means of
tvo tongs. When tae fish entered the carrying box, tae
movable side wvas aliowed to close, captucsing the fish. After
excess water was allowed to drain from the box, it was carvied
into the testing room. The use of this box permitied handling
the fish with a miniwuwa of disturbance.

The fish uvere tested in an 1ll-foot diawmeter circular tank,
(Fig. 2) in which they were confined to a i2-inch outer channel
during testing. The tank tursns in a counter-clockwise direction
and is supported by a center bea-ing and 12 vubber casters, The
tank is rotated by a five ho.'sepower adjustable-speed electric
motor, and the speed and pattern of rotation are controlled by
a pneumatic-eiectronic device whicih enab.es the experimentec to
select any desired velocity up to about 12 feet per second.

The depth of the wvater in the channel was about 11 inches.

Water uvas allowed to flow into the tank when not in use at the
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rate of about 3 gallons per minute, During a test, the in-
coming water was turned off, since a constant volume of water
vas desired thioughout the test, and the turbulence was suf-
ficient to keep the water oxygenated.

Fish were induced to swim in the "treadmill' by weans of
a light-electrode barries (Fig. 3). The 8 electrodes were
spaced 1-3/8 inches apart and we:e of 1/8 inch diameter oil-
temper spring steel wire, The electricity was supplied as
A, C. from a 12-volt transformer, and a potentiometer was
used to reduce the voltage to between 3 and ¢ volts at the
barrier,

Before a fish was introduced, the water in the tank vas
allowed to reach the testing velocity. To sta:st a test, the
assistant released the fish from the carrying box into the
channel by opening the water-tight trap door on the end of
the box. A coavse mesh reversing net (Fig., 4) was held in
front of the barrier as the fish was released approximately
8 feet upstream. If the fisii swvam downstream, head-first
into the net, instead of svimming against the current, the
net and the electrical field would usually cause the fish to
turn and swim upstream. Ideally then, the fish would swim
ahead of the barrier until tived, then drop back tail first
througih the barrier. The stop-watch was stopped when the
fish came around the tank and dropped through the barrier

for the second time, still attempting weakly to swim.



Pages 6 and 7 contained pictures that could not be zeproduced.

~“

Page 6 vas labeled: Figure 3, Light-electrode barrier installed
in the channel of the circular tank,

Page 7 was labeled: Figure 4. Reversing net.



Often, the fish would be able to swim in front of the barrie.
for several additional seconds before going through for the
second time.

Frequently fish would reverse and head downstream during
the test. The reversing net was then employed to turn the
fish when it came around again. One or two attempts we:e
usually enough to turn the fish and get it swimming against
the current again. A record was kept of the number of :se-
verses tnat occu:rced during a test, and if the fish -eversed
more than 4 times, o: if the fish refused to swim at all, the
time was not recorded.

The experimente: feels that reverses do not add to, but
subtract from the total length of time a fish can maintain
itself. The energy expended in turning, suimming actively
downstream, and then turning again, seems to be greater than
that expended by steady swimming against the water for one
circuit of the tank. It has been observed that generally
the best performance comes from fish that do not reverse at
all during the test,

REGULTS

The results of tae tests can be found in Table 1, Table

2 gives the sex, length, and condition at the end of testing

for eaci fish.
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ANALYSIS

Figures 5, 9, and 7 show the pesformances of tue taree
species at tne four water velocitiss of 4, 5, 6, and 7 feet
per second. The points indicating maximum performances ave
connected by a line. Figure 8 compares tue three maximum
performance curves. 1t can be seen that chubs vere bettew
swimmers at 4 and 7 f.p.s. Pcobably a good-perfo-ming chub
was not tested at 5 f£.p.s. Squawfish were the best pesforme.s
at 5 and 5 £.p.s., and suckers were quite consistantly the
poorest performers.

In Figures 9, 10, and 11, the total distance a fish
could swim upsiream at the velocities of 4, 5, and § f.p.s.
has been estimated. These estimates are based on the maximum

n

pecformance curves shown in Figure 3. The estimates were

wade according to the following simple foouula:

X =~ P(H - L)

Where: = the higher velocity in feet per second.
the lower velocity in feet per second.
= performnance at the higher velocity in seconds.,
= the distance the fish could swim at the lower

velocity.

L~ I el < o]
Lo

»
v~
{

DISCUSSION



s

Although the fish seemed in very good condition, pernaps
fish taken directly from their native environment might have
given better pe.formances. The same fish may well give different
performances at diffecent vater temperatures and at different
times of the year. Also, cince it has been observed that there
is a great variability among individual fish, thece are probably
fish in the poPuiation that could swim better than tihose tested

in this experciuent.
CONCLUSIONS

L. Chubs were generally the best perforuers and suckers the
vorst,

Z. The chubs, it is estimated, could swim forward about 108
feet against a water velocity of 4 feet per second, 64 feet
against 5, and 356 feet against 5 feet per second.

3. Scuavfish, it is estimated, could swim about 100 feet
against 4, 54 feet against 5, and 32 feet against 5 feet

pes second.

4, Suckers, it is estimated, could swim about 93 feet
against 4, 52 feet against 5, and 31 feet against 5 feet

per second.
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Table 1 o Test Results for Bach Day of Testinge.

8/29/58 1300 PM 5/50/58 10:00 AM

g1 Chub 4 ==  Rev. 48 C.. 6 31
Squawfish 4 — N.R. Sq. 8 — C.8o
Sucker 4 55 Sk, 6 50 1-R.

45 CO 4 57 S‘RO 46 C. 6 e “.RO
Sq. 4 b C.So Sq:; 6 > oven P.
Sk. 4 b Rev, Ske € 32

20 C. 4 114 43 C. 8 28 2-R,
Squ 4 lm Ho sqo 6 “ 4"‘R0
Sko 4 - Rev, Sk, 14 43 4-R,

41 Coe 4 95 4-R. 19 C. 6 e Rev,
Sqo 4 == so sq. 6 50 Z-R.
Sk 4 45 Sk. 3-Ba

18 C. 4 72 S5-R. $1 Co %’ %% 4R o
Sq. 4 — P. Sq. 7 31 1-R,
Ske 4 96 Sko 7 k2 2-R-

29 Co 4 160 A5 C, 7 24
8q. 4 €6 2-R, Sqe. 7 e Rev,.
Sk 4 51 o sk 7 S0 2R

42 CO 5 54 4‘Ro 20 Co 7 21 2—Ro
Sq. 5 55 S“Ro ch 7 52 4-R.
Sk, 5 62 Sko ? 51 5-R,

32 Co 5 64 41 C. 7 22 1-R.
sq. 5 40 2°Ro Sq. 7 e N.R.
Sk, 5 46 Sk. 7 -— Rev,

44 C. 5 55 18 C. # 22
Sq. 5 = P. 5q. 7 e P.
Sk. 5 R Po Skn 7 28 2'-Ro

50 Co So 40 29 C. 7 R6
Sqo S == Po ) Sq. 7 =) Raev,

e Sko 5 Crred P‘ :§_¢ 7 Som— _Pl!

47 Co 5 58 42 C. 6 30 1-R,
8q. 5 64 Sq. 6 —— P
Sko 5. 51 a Sk, 6 25 2-Re

17 Co 6 G C.S. 32 Co 6 22
5q. 6 S2 S8q. 6 59 1-R,
Sko 6 2 Ske 6 28 2-R,



Table 1}

(Continued).

£/30/58 (Conts)

e

B@Y__SPEC. VEL, PEPF, REMARKS ROX SPEC. VEL. PELRF. HEMARKS
44 C, 6 —_— A 41 C. 6 R8 1-E.
Sq. 6 32 ?-K. S3. 6 o C.S.
Sk 6 35 2-R, Sk. & 26 1-R,
2y C. & 27 18 Cp 6 —_— Rev.
. 389, Ge == Sick Sq. 6 34 2-%,
Sk 6 32 2-R., Ske. 6 2
47 C. 6 31 1=R. 2t [y 6 21 1-K.
SQq. 6 - T80 3q. 6 -— Rev.
SKe 6 40 Sk 6 —— Rev,
17 C. 5 29 42 Go 7 —— CoSe
Sq. 5 66 2-R. 57, 7 - e CRSE
Sk 5 40 2-Ro SKo 7 24
32 Co 7 —-— CeSs
£/30/58 6300 PU Sq. 7 27 2-Fo
Sko 7 e C.So
48 C, 5 31 2-R. 44 C. 7 - Dead
Sq. 5 42 Z-R. 5q. i/ _— Rev.
Sk, 5 40 2-F . Sk, ? —— NeRo
48 G, 5 —_— Sick 30  Coe 7 21
S8q. 5 B Sick Sq. 7 _— Dead
Ske. 5 54 Sk. 7 — Dead
43 C S 46 47 Ce 7 36 2=Ro
Sqe 5 —-— P 3q. 7 23
Sk, 5 —_— Rev. Ska 7 19
1¢ C, 5 — NeRo aE (e 4 26 2-he
Sqa 5 57 e=Re 37 4 110
Sk S 28 3-La Sko 4 72
48 C» 4 155 3-R,
5/21/58 9:00 AY 5q. 4 55 2-P,
Sk, 4 96 4-R,
31 Ce 6 - P. 46 C. 4 52
5q. S 38 2-R., Sqe 4 ——— Dead
Sk 6 ——— P. Sk, 4 80
45 C. 5] 23 2-R, 43 C. 4 72 2-N.
Sq. 6 - C .S . Sq- 4 126 4—"). :
sko 6 = C.S. Sk° 4’ 62 S'Ro
20 C. 8 7 2-R, 18  Co 4 94 Z-Roe
Sq. 6 39 2-R, S5q. 4 124 -Re
k. @ & Sk 4 42 2=R
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Table 1 (Continued)., Explanation of abbreviations.

Rev. = more than 4 reverses - the time was not recorded.

N.R. = the performance was not reco:ded due to stop-watch failure.
R. = reverse (s).

C.S5. = fish couldn't or wouldn't swim,

P. = generally poor test and the time was not recorded.

Sick = fish was found to be in bad condition and was not tested,
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Table 2 .+ Length, 8ex, and Condition of the Fish at the End of Testing.

BOX SPEC. LENGTH SEX REMARKS BOX SPEC. LENCTH SEX REMARKS

A (mm) <. A (mm)
31 C. 226 M &8 C. 21€ M
Sq. 260 F Sq. 351 F
Ske 323 M Sko 310 M
45 C. 213 M 4 ., 200 M
Sq. 231 F Sq. 238 7
Sk. 358° F Sk. 320 M
208 CT 215 M 19RNC'S 210 F
Sq. 365 F Sa 427 F
Sk. 260 F Sk, 345 L
41 C. 188 M
Sq. 229 F
Sk. 334 F
18 c. 206 F  Tail ¢
Sq. 351 F
Sk, 354 Fo
29 C. 210 F
5q. 248 F
Ske 371 F
42  C. R04 F
Sq. 228 F
Sk. 321 .M Dead
32 C. 228 F  Dead
Sq. 345 F
Sk. 308 M
4 C. 196 M
Sq. 262 F
Sk. 355 F
30 C. 205 F
Sq. 215 F
Sk, 386 Fo
47 C. 218 M
Sq. 358 F
Ske 339 F
W (e 209 F
8q. 3542 F
Sk. 372 F
48 C. 194 M
Sq. 392 F
F

Ske. 369



