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INTRODUCTION 

Silviculture activities require access to remote areas of 

forests. Stream crossings are often made for logging access and 

other purposes. Culverts used at such crossings have the potential 

to impede movement of fishes upstream (Meehan 1974). Such 

movements are necessary far some fishes to complete life cycles 

( i . e .  spawning). 

The paleback darter, Etheostoma pallidorsum, inhabits 

headwaters of the Caddo River drainage in Arkansas (Distler and 

Metcalf 1962) and a small tributary 6f the Ouachita River  obiso son 

1974; Robison and Buchanan 1988). The species is of special 

concern to the U. S. Forest Service due to its restricted 

distribution. The paleback darter uses small springs and spring 

seeps as spawning habitat (Robison and Buchanan 1988). Much of the 

area known to be utilized by the darter is within the boundaries of 

the ~uachita National Forest. 

Culvert structures on logging roads could be designed to 

afford fish passage if swimming speeds of the fish were known or 

could be estimated. Species of fishes selected for this study are 

similar in size to the paleback darter. Substitute species were 

used to avoid injury or causing mortalities to the less common 

paleback darter. The species used included the greenside darter 

(Etheostoma blennoides), orangebelly darter (Etheostoma radiosum), 

redfin darter (Etheostoma whipplei), central stoneroller 

(Camwostoma anomalum), and the golden shiner (~otemisonus 

crvsoleucas). Determining swimming speeds of these fishes would 
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allow culvert design to accommodate their passage. The assumption 

is made that paleback darters would also be able to pass through 

such designed culverts. 

MATERIALS AND METHODS 

b ~ a r a t u s  

An apparatus was built to enable the determination of swimming 

speeds of small fishes. The apparatus was similar to that used by .. 
Matthews (1985) but was modified to obtain variable current' 

velocities. The system consists of ,a  submersible pump with an 

18-inch riser 1.5 inches in diameter. This discharges through a 

diverter valve and a main flow valve. Bushings in pipe size 

ultimately divert flow through a three-inch clear PVC pipe. A 

petcock at one stage allows air to bleed from the tubing. An 

access plug located at the end of the clear pipe allows fish entry 

and exit to the system. A strainer at each end prevents fish from 

moving downstream or upstream out of view. Flows are diverted back 

into an aquarium equipped with temperature control; the same 

location as the water source. 

A guide was placed in alignment with the valve handle to 

calibrate and allow velocity computation. The guide was marked in 

degrees so positions of the handle could be recorded during trials. 

Flow through the clear pipe was determined by allowing the 

pump to run at a particular setting for a known period of time. 

Water volume per unit time was divided by area of the pipe cross 

section to obtain velocity. The process was repeated five times at 



five settings. With settings regressed against velocities one 

could enter the setting from the valve handle guide into the 

regression equation to obtain velocity at any desired time, 

Velocities produced by the apparatus ranged from 11.124 cm/sec to 

Fish collections and experiments 

Fish were collected on June 1, 1992 from the upper Ouachita 

River at three , localities using a back-&k electrof ishing uni-t . 
I 

High mortalities were encountered and fish were again collected on 

July 7, 1992 near Pine Ridge, Arkansas. A third collection of 

fishes was made on August 10, 1992. 

Four 20-gallon aquaria with carbon filters were used to 

maintain fishes in the laboratory. Individual fishes were placed 

into the testing apparatus; then allowed to acclimate to a low 

velocity. After acclimation was achieved, velocity was increased 

slightly. The fish was again acclimated for approximately two 

minutes. 

Eventually a point was reached at which the fish encountered 

some difficulty maintaining position. This point is referred to 

simply as "dif f iculty1I. Velocity was again increased until the 

fish was swept through the tube with no recovery upstream. This 

point was termed "cannot holdw. . 

Due to highly variable results for native fishes and high 

mortalities, golden shiners from the University of Arkansas at Pine 

Bluff's experimental fish hatchery were also tested. These fish 



had been cultured in ponds at that facility. After a three day 

acclimation period, these fish were used to determine swimming 

speeds. Fish were collected by seining and tested before any 

disease incident occurred. 

RESULTS AND DISCUSSION 

Swimming speeds were obtained for several species of fishes 

comprised of 89 individuals (Table 1). Correlations between fish 

length and lldifficultylt or Itcannot holdw velocities were low for 

all species. High mortality and injury of specimens collected in . 
the initial sampling effort w e r e  noted. These fish had been 

collected by electrofishing. Fish from the second collection were 

taken by either kick-seining or electrofishing with a very brief 

exposure to electricity. Injury appeared less prevalent however an 

outbreak of a bacterial disease, Columnaris, occurred in the 

laboratory. Fish were treated with a faint solution of potassium 

permanganate and appeared to recover. The third collection of 

fishes was subjected to levels of high chlorine being passed 

through the city's water supply. Filters were ineffective in 

removing the chlorine and some mortality occurred. 

Means of "difficultyw and "cannot holdw velocities for fish 

length groups by species were plotted (Figures 1-5). Neither the 

orangebelly darter (Figure I), greenside darter (Figure 2), nor 

redfin darter (Figure 3) showed a relation between velocities and 

length. Body form of these fishes may be as important as size in 

determining critical current speeds (Matthews 1985). Additionally 



we were working with small fishes and had few specimens which would 

be considered large adults. This size restriction may have 

hampered our success in determining fish length-water velocity 

relations. 

Only the plots for stonerollers suggest relations between 

water velocity and fish length (Figure 4). A correlation between 

these variables was neither high nor significant however. Central 

stonerollers between three and five centimeters in length showed 

difficulty in maintaining position at water velocities between 30 

and 35 cm/sec and could not hold th&ir positions above 40 cm/sec 

(Figure 4). However, larger specimens approached cannot hold 

velocities at nearly 70 cm/sec. These values were based on tests 

on 31 individuals. 

Figure 3 suggests that larger greenside darters may be able to 

move against higher water velocities then smaller individuals. 

However, only nine (9) greenside darters were used in our 

experiments and most were of a small size (Table I). Orangebelly 

darters had difficulty or could not hold position at velocities 

between 30 and 40 cm/sec while redfin darters lost position between 

40 and 50 cm/sec. 

Golden shiners collected from the Ouachita River ranged from 

50-110 mm in length (Table I)-. Difficulty and cannot hold 

velocities ranged between 40 and 50 cm/sec and 50 and 60 crn/sec, 

respectively, regardless of length (Figure 5). These golden 

shiners had all been collected by electrofishing. 
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Because fishes from the Ouachita, River showed no significant 

relations between length and water velocities, coupled with high 

mortalities and injuries observed from electrofishing, an 

additional experiment was conducted. Forty-six golden shiners were 

collected from the university of Arkansas at Pine Bluff Is fish 

hatchery and subjected to swimming speed tests (Table 11). A 

positive, significant correlation was found between length and the 
, 4' 

velocities reprlesenting cannot hold ( R ~  = 0.707) and difficulty 

(R' = 0.706) values represented by the following equations I 

(Figure 6) : I 

(1) Difficulty (crnlsec) = 17-16 ; 4.08 (length of fish in cm) ; 
( 2 )  Cannot Hold (cmlsec) = 21.13 + 4.10 (length of fish in cm). 

CONCLUSIONS 

These data provide evidence that golden shiners collected by 

electrofishing exhibit poorer swimming performance than those 

collected by seining especially for larger individuals tested 

(Figures 5 and 6). High mortalities of electroshocked fish also 

give rise to concern over the practice of electroshocking fishes in 

areas of unique faunal composition or areas that contain 

threatened, endangered, or rare fishes. 

Darters in this study were electroshocked by short bursts of 

power rather than continuous shocking. It is unknown whether the 

lack of length vs velocity relations for darters is real or a 

product of electroshocking as exhibited by the golden shiner 

experiments. Other researchers have found that body shape in I 
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darters plays an important role in maintaining position in 

currents. Since these fish have no air bladder and are not 

continually positioned up in the water column, these may be little 

difference between size groups and velocities which represent 

maneuverable conditions. 

Some researchers have conducted experiments on small fishes 

and disregarded body length as important, or not considered it as 

a variable to contend with (MacLeod 1967; Farlinger and Beamish 

1977). 
I 

If water velocities in culverts are below 45 cm/sec, these 

data indicate potential upstream pabsage by cyprinids. Darters 

however would require velocities somewhat lower, at or below 35 

cm/sec. Larger stonerollers and golden shiners can traverse 

velocities in excess of 65 cm/sec and fish length increases relate 

to tolerance of higher velocities. velocities tolerated by both 

darters and cyprinids tested in this study appear to be above the 

3-6 body length/sec reported by Bainbridge (1958) for many juvenile 

and adult fishes. This data however were for sustained swimming 

speeds. Endurance was not reported on in this work. Bainbridge 

(1960) found larger goldfish (Carossus auratus) to be able to 

achieve higher velocities for the same time periods than smaller 

goldfish and Thomas and Donahoo (1977) reported on fish size 

relations to endurance for Salmo sairdneri. 

These experiments do not address the sustainability of speeds 

of the fishes tested. It is obvious that fishes tested were 

subjected to increasing velocities. Small increments of velocity 



were used in tests with approximately two minute intervals between 

velocity increases. Therefore.it seems logical that the position 

described as "difficultyw could be sustained for some time. The 

llcannot holdv1 position is probably somewhat less than what might be 

achieved if velocity adjustment periods were shortened. These 

values are certainly less than achievable burst speeds. If 

culverts on logging roads were designed to contain velocities at 

the difficulty level or below, assuredly fishes would be able to 
h' 

traverse the short distances involved. 



Table I. Critical current swimming speeds for individuals tested 
from the Ouachita River system 

Etheostoma radiosum 1 4.8 1 4 0 . 2 0  1 4 5 . 8 1  

Etheostoma ,whimlei 

cannot hold 
(cmlsec) 

42.20 

19.09 

Difficulty 
(cmlsec) 

40.20 

15.62 

7 

Species 

Etheostoma blennoides 

4.1 

Length 
(cm) 

6 . 5  

4 . 5  

2 6 . 8 4  27.91 
1 



Campostoma anomalum 4 . 8  

8.2 

2 7 . 9 1  

45.81 

33.52 

54.63 



Notemiqonus cr~soleucas 5 . 5  5 4 . 6 3  6 0 . 2 4  

7 . 6  4 0 . 2 0  45.81 





TABLE 11. Critical current speeds of cultured golden shiners 
8 I I 

Length Difficulty Cannot hold 
(cm) (cmlsec) (cm/sec) 
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Lenqlh of Fish (cm) 

Figure 1. Mean water velocities at which orangebelly darters exhibit 
difficulty (top) and cannot hold position (bottom). 



Figure 2 .  Mean water velocities at which greenside darters exhibit 
difficulty (top) and cannot hold position (bottom). 



Figure 3.  Mean water velocities at which redfin darters exhibit 
difficulty (top) and cannot hold position (bottom). 



Figure 4. Mean water velocities at which central stonerollers exhibit 
difficulty (top) and cannot hold position (bottom) . 



Figure 5. Mean water velocities at which golden shiners exhibit 
difficulty (top) and connot hold position (bottom) . 



Figure 6. Mean water velocities at which golden shiners from the UAPB 
hatchery exhibit difficulty (top) and cannot hold position 
(bottom) . 


