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INTRODUCTION 

Indoor laboratory apparatus which replicate stream velocities 

have contributed much information regarding fish behavior and 

response which would be difficult: to observe otherwise. Efforts to 

construct devices for replication of stream velocities have 

produced many different structures for specific purposes. Limiting 

factors for the successful construction of such devices have 

included cost, space availability, construction difficulty and 

operational reliability. Visual observation of the fish and 

maintaining the appropriate position of the fish in the viewing 

tunnel have also been concerns. 

A number of studies were reviewed to select a design for a 

test apparatus that would be suitable for small fishes, inexpensive 

to construct, and yield data which could be analyzed easily. 

rdeally, the apparats design would also be useful to construction 

engineers designing road crossings to allow passage of small fishes 

such as darters and shiners. The swimming performance of fishes 

has been of interest for a variety of reasons. Much work has been 

performed with salmonids with regard to dispersal (e.g., Thomas and 

Donahoo 1977, Crisp and Hurley 1991) and genetics (Hurley and Schom 

1994) . other studies have be& conducted on larval or .juvenile 

fishes (e-g., Barbin and Krueger 1984, Buckley ectal. 1985, 



Hartwell and Otto 1978, and Meng 1 13 ) . Swimming chambers vary from 

simple designs such as a hose connected to a small pipe (Pavlov 

et.al 1972) to more elaborate designs (Parsons and Sylvester 1992). 

Other devices described but not suitable for our purposes were 

gantry tank (He and Wardle l988), fish wheel (Bainbridge l958), 

annular trough (Inoue 1 9 6 7 1 ,  and paddle wheels (MacLeod 1967). 

Ross and Wilkins (1993) used a trolling motor to produce velocities 

up to 40 cm/sec however velocities were variable throughout the 

tank. Many of the devices used previously had apparent problems 

with fish positioning and employed electric shock or fields to move 

fish in the proper direction (e.g., Farlinger and Beamish 1977, 

Berry and Pimentel 1985, Bernatchez and Dodson 1985, and Mesa and 

Olson 1993). Trump and Legett (1980) conducted mathematical 

modeling to determine optimum swimming speeds theoretically but did 

n o t  employ any laboratory apparatus to actually test specimens. 

Matthews et al. (1990) described a system of recirculating streams 

which produce variable flows and Matthews (1985) described a flow 

apparatus used to assess critical current speeds of two darter 

species. 

The apparatus described by Matthews ( 1 9 8 5 )  was selected to 

begin our studies and was modified to produce a greater range of 

flows. This mqdified design o! the apparatus was then evaluated 

for its production of a range of flows and replication of c u r r e n t  

speeds. This device, named the Ichthyonatometer, is a simple and 
. 3  

effective apparatus designed specifically to reproduce a range of 

stream velocities with reliability and control. The following will 

describe how t o  construct the device and its operation. 



 MATERIAL^ AND METHODS 

The Ichthyonatometer consists primarily of a reservoir, pump, 

valves, and various pipes and fittings (Table I). The submersible 

pump is placed at one end of the fiberglass reservoir. A n  18-inch 

(45.72 cm) riser with a 1 and %-inch (3.81 cm) discharge passes 

through a diverter valve and then the main flow valve. The 1 and 

%-inch pige is bushed up to a 2-inch (5.08) cm) PVC union which is 

bushed up to the viewing tunnel, a clear 3-inch (7 - 6 2  cm) PVC pipe 

48-inches (121.92 cm) in length. A 1/8-inch (0.32 cm) pipe nipple 

with a peacock is installed in the 3-inch to 2-inch reducer. A 3- 

inch PVC tee with a glug is attached to the opposite end of the 

clear pipe. A strainer with fine mesh is placed inside the tee and 

at the other end of the clear PVC to prevent fish from escaping the 

viewing tunnel. A 90 degree PVC fitting is attached to the tee at 

one end and to a 6-inch section of 3-inch pige at the other. A 45 

degree PVC fitting attached to the 6-inch section completes the 

turn back toward the fiberglass reservoir. A section of 3-inch 

pipe 60-inches in length allows the water to reach the reservoir. 

At the end of this pipe section a 90 degree PvC fitting directs the 

return flow into the reservoir at the end opposite from the pump 

location. A panel with degree markings was placed inside the main 

valve handle so that as the valve was opened the handle position 

could be recorded. The highest velocity setting attainable was 

given a value of five with quarter unit settings identified on the 
- 

guide panel. As water was pumped through the system it was 

collected over a period of time. This allowed the calculation of 

velocity through the clear PVC pige. 



Due to location problems, the system was assembled on three 

different occasions and f l o w  calibrations were made each time and 

constituted a new experiment. During the first experiment, f l o w  

through the system was calculated over four trials at five velocity 

settings. Mean flow values at each setting were recorded. The 

ichthyonatometer was then dismantled, later reassembled and flows 

were thereafter recorded through s i x  trials at f ive  settings. The 

data were subjected to simple linear regression to determine the 

relation between valve setting and velocity. The sys tem was again 

dismantled and moved to yet another location. After. assembling the 

ichthyonatometer flow data were collected a third time. In this 

trial, flow was calculated from the number one setting ( 6 0  degree 

handle position) to the number five position (zero degree handle 

position) which allowed maximum flow and at intervals of .25 

between whole number intervals. This produced a total of seventeen 

different valve settings at which f l o w  w a s  calculated. Results 

were examined with linear regression. A side benefit was the 

success and ease of disassembly/assembly and relocation of the 

system with consistent performance. 



RESULTS AND DISCUSSION 

Four trials at each of five valve positions produced 

repeatable flow values with small standard deviations (Table 11). 

The largest standard deviations occurred as flows were increased by 

opening the valve toward its most open position. The deviations 

between trials at higher settings in fact may be due to human 

error. Difficulty in catching the outflow water in a container at 

high velocities is encountered. The time required to fill a 

container is also sho r t e r  at high flows. The synchronization of 

the person recording time, the individual turning the valve a d  the 

individual catching the flow in the container are critical to 

ensure accurate flow calibration and becomes especially difficult 

at the high flows. Any error by either of the three individuals 

would result in significant differences in t he  volume of  water 

collected in the few seconds allowed at the highest flow settings. 

Flows produced by the ichthyonatometer ranged from a low of 11.96 

cm/sec at the lowest setting to 6 9 . 4 3 9  cm/sec at the wide open 

valve setting. The range of currents that were produced were 

judged as adequate to provide testi,ng of the small fishes- the 

apparatus was designed to accommodate. 

were somewhat higher,. than in the first . Current speeds, of 16 

cm/sec a t  valve setting one and 106 cm/sec at the highest setting 

were recyded. Simple linear regression produced an R-square of 
- 

0 . 9 7 5  ( p r o b  > T = 0.001) when valve settings were regressed against 

velocities. This procedure plfoduced an equation in which the valve 

setting could be inserted to calculate velocity at any position to 



which the valve was opened. 'j 

The third experiment conducted after moving the apparatus to 

a different location resulted in a lower R-square value when valve 
9 

settings were regressed against velocities. Velocities were 

calculated at seventeen different positions of the control valve 

regulating flow. Because a large portion of the recordings were 

made at high flows, the error may have been increased due to timing 

the problem encountered previously mentioned. The R-square value 

of 0.880 was significant at the 0.00001 probability level. 

The ichthyonatometer was used to assess current velocities at 

which fish cannot maintain their position in the water column. 

Fishes evaluated with the apparatus include the green side darter 

orangebelly darter ( m ~ o s t o m a  osm), and the central 

ammdua) (Layher 1 9 9 3 ) .  Ralston and 

veloci-ty endurance in golden shiners 

) with the ichthyonatometer. Percent 

success of longer sunfish ( L ~ o r n a s  mesali-) and bigeye shiners 

( N o ~ ~ Q Q ~ s  b o o k s )  at various f l o w s  for given time periods were 

obtained using the apparatus (Layher and Ralston 1995 1 . During 

these experiments a number of perculuarities were discovered for 

those wishing to use such an apparatus. 

It is important that the elevation of the pipe outfall be 

slightly higher than the elevation of the end of the clear pipe 
- 

closest to the reservoir. This allows the clear pipe to remain 

completely full at speeds even lower than the number one position 

which we reported. The turn of the pipe should be slightly lower 



than the origin of the clear PVC pipe. One must experiment with 

different elevations to gain the desired performance. Upon 

initially starting the flows we found that by opening the valve 

completely, then closing it and reopening rapidly, the system would 

fill completely. In some instances an air pocket would be created 

at the upper end of the clear PVC. I f  this occurred it could be 

bled off by opening the petcock and closing it when the area was 

replaced with flowing water. The flow valve could be turned down 

to any desired point after the initial filling. 

After filling the pipe fish can be placed into the system by 

removing the screw plug in the top of the  tee .  Fish almost always 

move into the current and up into the clear viewing tunnel where 

they are easily viewed. Velocities of higher values will cause the 

tee to fill and overflow if the plug is not replaced after fish 

insertion. One can use a small section of PVC pipe and insert into 

the tee in place of a plug which in effect increases the height of 

the tee removing the necessity of always having t o  replace the plug 

constantly. Fish must be prevented from staying in the tee area, 

especially near the upper part of the apparatus where the pipe 

joins the tee as an area of no current exists when the tee is 

completely full. Fish that were adamant: about avoiding the viewing 

tunnel were easily encouraged to enter when a piece of paper or 

cloth was placed over the central portion of the clear PVC. This 

provided the fish with a sense of cover while still aSlowing for 
- 

viewing. Once fish have been subjected to desired flow conditions 

removal can often be accomplished by rapidly increasing velocity 

and sweeping the fish in to  the tee, then rapidly reducing the 
.. 



velocity and removing the specimen by hand. As a cautionary point 

the diverter valve can be left open so that excess flows are sent 

back to the reservoir and not through the main valve. Submersible 

pumps such as the one used in this study are designed to run at 

full speed of 1750 rpm. Restricting the flow or attaching a 

rheostat can cause the pump to overheat and malfunction. 

Temperature and dissolved oxygen levels of the water in the 

ichthyonatometer and should be monitored and compared to those of 

the aquaria or holding tanks where fish are housed for studies. We 

operated the system in a controlled room environment to minimize no 

differences in these variables. 

We did not glue pipe sections together so we could dismantle 

the apparatus when the need arose. Pipes were suspended from the 

ceiling with black stove pipe wire. Anchor wires were also hung to 

hold the joints in position. 

A considerable amount of pressure is required to open and 

close the main flow valve. Initially this effort inadvertently 

resulted in moving the pump and consequently the pipe positions. 

When this occurs the machine must be recalibrated as elevation 

changes at any point alter flows produced at given settings. To 

allevidate this problem a wooden block with a c u t  to allow placment 

around the riser from -=the pump was installed at the top of the 

reservoir. This effectively held the riser and gump rigid and 

prevented :grther problems with changing position of pipes when 
- 

opening and closing the valves. 

The entire system is relafively inexpensive and performs well 

with small fishes such as those we used in our experiments. It is 



easily constructeb and can be dismantled in minutes to s t o r e  or 

move t o  another location. Eddies in the clear pipe are avoided by 

placing small screens at each end, as indicated by visual 

observations using dye. For assessment of swimming performance of 

small fishes, the ichthyonatometer performs well, under the 

conditions described in this study. 
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Items are listed in order of as&mblage. 
+ 

1/4 h - p .  submersible pump with 18-inch riser and 1 and %-inch 

o u t l e t  

diverter valve and faucet 

main flow valve 

1 and %-inch section of galvanized pipe 

compression union 

peacock to bleed air 

48 inch section of clear 3-inch PVC pipe 

3-inch tee union 

strainer mesh to place at ends of fish chamber 

90 degree PVC union 

6 inch section of 3-inch PVC 

45 degree PVC union 

60 inch section of 3-inch PvC 

90 degree PVC union 

fiberglass tank 22x82~19 inches (approximately 200 gallon capacity) 

black stove pipe wire 



- ., 

Table 11. Water velocities (cm/sec) produced at five 

tornetpr. 

Trial 

me an 6 9 . 4 3 9  6 5 . 0 6 6  4 9 . 0 6 6  2 7 . 2 3 9  1 1 . 9 6 0  

S.D. 2 . 5 1 0  1 . 4 0 2  2.539 0 .422  0 . 2 4 0  



Fig. 1. Top view of  the ichthyonatometer. The rectangular areas is 

a large tank. Labeled structures are: a) submersible pump; b) 

diverter  valve; c) main flow valve; d) 1-1/2 in. galvanized pipe; 

el comprehension union; £ 1  bleeder valve or petcock;  g) clear PVC 

p ipe ;  h) t e e  fitting w i t h  cap; I) 90 degree PVC; j) straight PVC; 

k) 4 5  degree PVC; 1) straight PVC; m) 90 degree PVC. 



Fig. 2. Side view of the ichthyonatometer. The large rectangular 

area represents a large tank. Labeled structures are; a) 

submersible pump; b) 18-inch riser; c) diverter valve; dl main 

control valve with scale; e )  comprehension union; f) bleeder valve 

or petcock; g )  clear PVC pipe; h) tee fitting with cup. See .Figure 

1 for pipes  beyond the tee fitting. 








