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INTRODUCTION 

Collecting representative samples of fish for research, synoptic 

surveys, and management purposes has always been a problem since all 

methods of catching fish are, to some extent, selective for size or 

species or both (Hynes 1970). Differences in microhabitats within 

aquatic systems tend to segregate species making representative sampl-

ing difficult regardless of the capture methods employed. This is espe-

cially true for stream fishes (Gerking 1950, Cleary and Greenbank 1954) 

since there are marked differences between pool and riffle habitats. 

One of the more popular collecting techniques for sampling lotic fish 

populations is electroshocking (Lagler 1952, Larimore 1961, Berra and 

Gunning 1970, Vincent 1971, Whaley 1975, Maughan 1976). 

Since its introduction in the early 1900's, electrofishing has 

become one of the more widely used tools in fisheries management and 

research in lotic and lentic systems. Removal of undesirable species, 

control of fish migrations and assessment of population status and 

community structure are a few of the uses to which electrofishing 

has been applied (McLain 1957, Funk 1958, Boccardy and Cooper 1963, 

Baldwin 1968, Saul 1974), and its use has increased significantly over 

the past 30 years (Cross and Stott 1975). 

Equipment available for electrofishing varies from large gasoline 

operated generators with sophisticated controls over type, amount, and 

wave configuration of the current discharged to small lightweight dry 

battery-operated backpack shockers with or without current adjustment 

capabilities. Characteristics of sampling sites as well as equipment 

1 
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availability will usually govern the type of electrofishing gear uti-

lized. Small lightweight backpack units are typically used in small 

streams where access is difficult, whereas larger, more sophisticated 

equipment may be used on large bodies of water such as large streams, 

rivers, and lakes where access is generally not limiting. 

Repetitive electroshocking is a widely used and relatively conven-

ient method of capturing fish for assessment of stream fish populations 

and can be used in areas where other sampling gears are ineffective 

(Hynes 1970). However, it is evident that electroshock elicits a 

general stress response in exposed fish. Scheminzky (1924) outlined the 

reactions of fish subjected to successively higher energy levels of 

electric current as progressing from sensory recognition, through elec-

trotaxis and electronarcosis, to death. General and specific physio-

logical responses of various fishes to different types and levels of 

electroshocking are well documented (Hauck 1949, Haskell et al. 1954, 

Johnson et al. 1956, Vibert 1963, McCrimmon and Bidgood 1965, Caillouet 

1967, Halsband 1967, Lamarque 1967, Spencer 1967, Ellis 1975). Shreck 

et al. (1976) found that trout exposed to electroshocking responded 

physiologically as though suffering from extreme muscular exertion or 

hypoxia or both. Bouck and Ball (1966) concluded that capture by elec-

trofishing presented a more "uniform" stress than angling or seining. 

Whaley (1975) found that the physiological indicators of stress returned 

to normal levels within 12 to 24 h post electroshocking. Experimenta-

tion has generally focused on increasing capture efficiency rather than 

to minimizing fish mortality (Holmes 1948, Hauck 1949, Smith and 
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Elson 1950, Collins et al. 1954, Pratt 1954, Godfrey 1956). Electro-

shock induced mortalities may bias subsequent population estimates, but 

the significance of such losses has not been studied. 

Techniques of Population Estimation 

The most widely used methods of estimating population size are the 

single census method (Petersen 1896), the multiple census method of 

Schnabel (1938), the removal or depletion method (DeLury 1947), or a 

variation of one of these methods. All require two or more population 

samples and assume that the sampling method does not affect catchability 

of the fish (Cross and Stott 1975). 

The mark-recapture or single census technique of population esti-

mation requires an initial sampling to capture fish for marking. Once 

the fish have been marked, they are returned to the water and allowed to 

redistribute. After an initial waiting period (time dependent upon the 

constraints placed on the researcher), the area is again sampled. A 

single census population estimate can be made using the following 

formula: 

where: 

N = MC/R 

N = estimated population size 

M = number of fish marked 

C = the number of fish caught in second sample 

R = the number of marked fish recaptured in second sample 

(1) 

The general assumptions associated with the mark-recapture tech-

nique of population estimation are: 
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1. Mortality is the same for marked and unmarked fish. 

2. Catchability is the same for marked and unmarked fish. 

3. Marks are retained throughout the estimation period. 

4. Marked fish are randomly distributed. 

5. Recruitment is negligible or can be estimated. 

6. All marks are recognized and recorded. 

Numerous complications can invalidate mark-recapture methods. 

Most methods for estimating abundance are based upon the assumption that 

the marked fish are representative of the population (Everhart 1972, 

Ricker 1975). Marking or tagging may significantly alter the behavior 

of a fish, its growth rate and its chances of survival (Pritchard et al. 

1974). Loss of marks by fish and mortality attributed to marking can 

lead to a smaller identifiable recapture percentage which can enlarge 

the estimate of population size (Mohn 1974). 

The removal method of population estimation involves a depletion 

procedure in which multiple catches are taken from a sample area with 

constant effort (DeLury 1947, Zippin 1958). This technique avoids the 

potentially adverse effects of tagging or marking on fish. Depletion 

estimation is frequently accomplished with a much reduced expenditure 

of time and effort over the mark-recapture methods (Johnson 1965, 

Libosvarsky 1966). The formula for the removal method is: 

where: 

Ct = catch of fish at time t 

ft = fishing effort at time t 

(2) 
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q = catchability coefficient 

Nt = number of fish in population at time t 

The population at the start of time t is equal to the original 

population less the cumulative catch (LC). 

where: 

N = N - LC t 0 

N = original population size 
0 

substituting (3) into (2) 

(3) 

Ct/ft = q(N0 - LC) (4) 

Equation (5) indicates that C/f plotted against LC has a slope of 

q . The x axis intercept is therefore an estimate of N , the original 
0 

population, since it represents the LC if the population was reduced 

to zero by fishing. N can be determined using either the least squares 
0 

or the maximum liklihood methods to obtain the x axis intercept. 

Under the assumptions of the removal method, the catch data con-

tain information useful in estimating the probability of capture of a 

fish, and more importantly, useful in estimating the segment of the 

population remaining to be captured (Carle 1976). The assumptions of 

the removal method are: 

1. The population is closed. 

2. The probability of capture during sampling is the same 

for each fish exposed to sampling. 

3. The fishing effort is constant. 

4. The probability of capture of the fish remains constant. 
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Population Estimation and Electroshocking 

Electrofishing is an expedient means of sampling population levels 

of stream fishes and has become a popular method of assessing aquatic 

habitats. However, complications can and do arise when utilizing elec-

troshocking techniques for population estimation (Collins et al. 1954, 

Friedman 1974, Cross and Stott 1975). Repetitive exposure of fish to 

electric shock may reduce the catchability of many fishes and, in 

extreme cases, may cause death (Lamarque 1967, Libosvarsky 1967, Edwards 

and Higgins 1973, Cross and Stott 1975, Whaley 1975). Reduced catcha-

bility of certain species during multiple runs with an electroshocker 

can lead to an underestimate of true population size (Cross and Stott 

1975). Bohlin and Sundstrom (1977) found that unequal catchability of 

fish during depletion sampling resulted in underestimates of 11-22 per-

cent of true population levels. The ability of certain fish to react at 

a greater distance from the electrode because of the increased sensitiv-

ity to repeated electric shock has been suggested as a major reason for 

reduced catches on subsequent sampling efforts (Lelek 1965, Libosvarsky 

1967, Whaley 1975). Increased sensitivity may permit fish to avoid 

capture by seeking refuge or through some other behavioral response 

so that fish shocked once are often not available for the next recapture 

(Libosvarsky 1966). The removal of fish from the catchable population 

either through increased sensitivity to electric shock or death may 

seriously bias population estimates made on a stream during initial and 

subsequent samplings. 

It has also been observed that certain species of fish are more 
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susceptible to electroshock capture and mortalities than are others 

(Larkin 1950, Smith and Elson 1950). Population statistics by species 

would probably express some of those sensitivities through some syste-

matic error appearing in the estimations (Mohn 1974). However, insuffi-

cient data are available to accurately predict or assess the majority 

of species' vulnerability to repetitive electroshocking. Additional 

factors which may contribute to mortality problems associated with 

electrofishing are stresses due to handling (Donaldson and McBride 1967; 

Wedemeyer 1969, 1972; Stevens 1972), marking (Pritchard et al. 1974), 

water temperature (seasonal extremes) (Giese 1968), the efficiency of 

the electroshocking equipment (Chmielewski et al. 1973), and technique. 

The effectiveness of the researcher in removing the fish from the elec-

tric field and processing them according to the research needs (i.e., 

holding, enumerating, weighing, marking, etc., releasing) also contri-

butes to fish stress and, therefore, may contribute to fish mortality. 

Study Goal 

Isolated pools of intermittent mountain streams of southern West 

Virginia present unique sampling areas for the study of fish population 

dynamics and the effects of repetitive electroshocking on population 

structure and survival. Fishes restricted to such streams are particu-

larly vulnerable to electroshocking during intensive sampling efforts. 

The purpose of this study was to identify the effects of repetitive 

electroshocking on the population status and population estimates of 

fishes which are seasonally restricted to pool regions of a stream 

exhibiting intermittent surface flow. 
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The assumptions associated with immigration and emigration may be 

satisfied for long periods of time, which permits the researcher to 

follow the responses of three population estimation techniques over time 

on confined fish populations. Physiological stress resulting from elec-

troshocking and handling may result in reduced catchability or increased 

mortality or both (Donaldson and McBride 1967, Wedemeyer 1972). An 

attempt to follow the seasonal dynamics of fish populations in these 

restricted, intermittent stream areas may be seriously biased by 

electroshock-induced mortalities. 

Study Objectives 

1. To determine the effects of repetitive electroshocking on fish 

populations and fish population estimates by: 

a. Determining under laboratory conditions, the mortality 

of fish subjected to repetitive electroshocking daily. 

b. Experimentally determining the influence of temperature 

on repetitive electroshocking mortalities. 

c. Determining the effect of researcher handling on fish 

mortality in conjunction with repetitive electroshocking. 

d. Assessing the sensitivity of two common population esti-

mators to population changes resulting from repetitive 

electroshocking in raceways. 

e. Examining the influence of substrate on actual versus 

estimated population sizes. 

2. Relate laboratory findings to fish populations in a seasonally 

intermittent West Virginia stream. 



MATERIALS AND METHODS 

Laboratory Experiments 

Controlled laboratory experiments were used to describe the 

effects of repetitive electroshocking on fathead minnow (Pimephales 

1 promelas) populations. A series of fifteen 56.8-Q (15-gal) aquaria 

was used in all laboratory experiments. Twenty-five 5- to 10-cm fat-

head minnows were placed in each aquarium to acclimate for a period of 

3 days before the initiation of experiments. Populations were fed a 

commercially prepared medicated feed2 and isolated during experimental 

periods. Fish were used in only one experiment. Water temperatures 

2 were 21 ± 1°C and conductivities were maintained at 100 ± 10 µmhos/cm 

by replacing a portion of the aged water with fresh water daily. 

To insure consistency in electric current application within and 

between aquaria, a fixed distance electrode apparatus was constructed 

of two copper plate electrodes and electrically inert plastic angle 

(Fig. 1). A fine mesh fiberglass screen was affixed to the top of the 

electrode apparatus to insure that all fish remained in the tank and 

electric field during shocking periods. As the electrodes were placed 

in an aquarium, the plates abutted the ends of the tank insuring that 

all fish would be between the electrodes for shocking. The apparatus 

remained in an aquarium approximately 15 s per shocking period. 

1Acquired from Perry Minnow Farm, Windsor, VA. 

2Purina Medicated Baby Pig Chow, Ralston Purina Co., Checkerboard 

Square, MO. 

9 
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Figure 1. Fixed distance electrode apparatus utilized in laboratory 

experiments to insure consistency of electrode distances 

within aquaria. 
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® The electrode apparatus was attached to a Coffelt BP-3 backpack 

electroshocker and electrified by a handheld switch. ® The Coffelt BP-3 

is a dry battery direct current electroshocker with a high/low voltage 

switch. Maximum discharges of this unit were 680 V on HIGH and 480 V 

on LOW. 

Preliminary Experiments 

Preliminary experiments were conducted to determine the effects of 

periodicity of a single electric shock on fish survival in aquaria main-

tained at temperatures of 15.5 ± 1°C or 21 ± 1°C. A single 4-s electric 

shock of 480 V was administered to each aquarium with time intervals be-

tween shocking of 24, 48 or 72 h. Controls received either a disturb-

ance (electrode apparatus placed in tank daily but no shocking) or no 

disturbance throughout the experimental periods. Three aquaria were 

randomly assigned to each of the five treatments. Each experiment was 

conducted over a 16-day period. 

A second experiment was conducted to determine whether repetitive 

shocking of fish could be considered an independent effort on a daily 

basis in terms of fish survival. This experiment was identical to the 

first experiment with one basic change; fish were shocked three times 

for 4 s within a 45-min period each day. 

Experiment I: Repetitive Electroshocking 

To assess the effects of repetitive electroshocking on fish sur-

vival, three aquaria were randomly assigned to each of the following 

experimental treatments: one 4-s shock every 24 h, two 4-s shocks 

within 20 min every 24 h, three 4-s shocks within 45 min every 24 h. 
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Two controls were run concurrently with the experimental treatments: a 

control with disturbance (i.e., electrode placement in tank three times 

within 45 min every 24 h but without shocking), and a control without 

disturbance or shocking. The experiment was conducted over a 10-day 

period (Table 1). Mortalities were removed and tabulated daily. Data 

were plotted and linear regressions of survival versus time (days) were 

performed. Slopes of the independent regression lines were compared by 

analysis of covariance (Snedecor and Cochran 1967). 

Experiment II: Repetitive Electroshocking Plus Handling 

To aBsess the effects of handling as an additional factor on sur-

vival of fish subjected to repetitive electroshocking, the previous 

experiment was repeated. After the fish were subjected to a particular 

shocking regime, they were dipnetted from the tank and placed in a 

holding tank for approximately 5 min. The fish were then hand-held for 

approximately 10-15 s to simulate the effects of measurement or enumera-

tion, then returned to the aquarium. This experiment was conducted over 

a 10-day period. Linear regressions of treatment versus time (days) 

were performed and slopes were compared through an analysis of 

covariance. 

Raceway Experiments 

To assess differences in population estimators through time and 

over substrate types, five concrete raceways were utilized. All race-

ways (9.2 x 1.2 x 0.9 m) were filled with water to a depth of approxi-

mately 36 cm and maintained at a flow rate of approximately 7 Q/min. 
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Table 1. Treatment assignments in repetitive electroshocking labora-
tory experiments I and II. Experiments were conducted for 
10 days. (N = 25). Three replications per treatment. 

No. of Shocks 

1 

2 

3 

0 

01 

Approximate time interval 
between shocks per day 

10 min 

15 min 

No. of shocks 
in experiment 

10 

20 

30 

0 

0 

1This treatment was subjected to electrode placement in each aquarium 
under the same conditions as the treatment receiving three electro-
shocks; however, no electroshock was discharged. 
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Water remained a constant 11 ± 0.5°C. Each raceway contained one of 

four different substrates: sand, gravel, cobble, or boulder/bedrock. 

Particle size categories were established according to a modified 

Wentworth scale (Lane 1947). An additional raceway without substrate 

was maintained as a control. Known populations of marked (anal or pel-

vic fin clip) and unmarked farm-reared fathead minnows and wild black-

nose dace (Rhinichthys atratulus) were released into each raceway and 

permitted to acclimate for 3 days prior to experimentation. 

A fixed distance electrode apparatus was constructed to insure 

consistent current levels between electrodes in all raceways and to per-

mit one-man sampling of a raceway (Fig. 2). The apparatus was supported 

by rollers which contacted the top surface of the raceway walls. The 

researcher pushed the unit along the raceway walls while disturbing the 

substrate with his feet. The electrodes were maintained a few centi-

meters from the walls throughout the sampling. Each raceway was elec-

troshocked three times within a 60-min period every day for 10 days. 

Raceways were sampled in a manner consistent with actual field sampling 

techniques by conducting three independent samples (runs) of approxi-

mately equal shocking efforts. Fish captured on each "run" were dip-

netted from the system and removed to holding tanks before the next run. 

After the three runs were completed, fish were enumerated by species, 

identified by marks, and released back into the raceway. Mortalities 

were identified and removed from the raceways daily. 

Population estimates were made according to the methods of Peter-

sen (1896) and DeLury (1947). Two proportions of the total population 
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Figure 2. One-man electrofishing apparatus utilized in raceway 

sampling. 
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were marked to examine the influence of marked proportion size to the 

estimates of population size. Petersen 1 estimates were made with a 

marked portion of 24 percent of the total initial population, whereas 

Petersen 2 estimates were made with a 41 percent marked portion of the 

initial population. Linear regressions of the population estimates ver-

sus time (days) were compared through analysis of covariance to test the 

hypothesis that all methods estimated the same population level. 

Field Experiments 

Six sampling stations were established along a one km section of 

Warrior Creek, McDowell County, West Virginia. Warrior Creek is a 

second order tributary stream (Horton 1945, Strahler 1957) of Dry Fork 

River in the Ohio River Drainage. The stream is typical of watershed 

drainages in southern West Virginia and western Virginia in that it ex-

hibits a high gradient with highly variable flow and periods of low or 

no surface flow in summer. Stations were established according to re-

sidual pool areas extant during periods of intermittent surface flow. 

Surface flow is normally interrupted during summer months leaving iso-

lated pool areas to support aquatic populations. Surface flows normally 

resume during fall rains and are maintained until the following summer 

dry periods. The sampling stations were variable in average length, 

width, and substrate type (Table 2). 

All stations received three independent and approximately equal 
® collection efforts per sampling period with a Coffelt BP-3 backpack 

electroshocker. This method of sampling provided data for depletion 

method population estimates at all stations. Two reference stations 
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Table 2. Station characteristics on Warrior Creek, McDowell County, 
West Virginia. 

Station Length (~) Avg width (!!!) Avg depth (!!!) Substrate 1 

1 27.5 1.3 0.2 sand 

2 42.7 3.1 0.4 bedrock 2 

3 24.4 3.1 0.3 gravel 

4 36.6 1.8 0.4 cobble 

5 24.4 1.5 0.2 gravel 

6 27.5 1.5 0.2 cobble 

1 Substrate typical of majority of station (i.e.,> 60 percent). 

2Rock outcroppings and over hanging banks were prevalent in this station. 
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were sampled bimonthly and did not receive additional experimental 

treatments (Table 3). Two standard population estimation techniques 

were assessed on fishes collected from experimental stations. A two 

sample single census method (Petersen 2) was randomly assigned to sta-

tions 2 and 5. Because of the mechanics involved in the two sample 

single census technique it was possible to simultaneously follow the one 

sample single census estimator (Petersen 1) over the monthly collections 

at these two stations. The single census estimator (Petersen 1) was 

randomly assigned to stations 1 and 4. Fish captured in March at sta-

tions 1, 2, 4, and 5 were marked by a finclip which was unique to each 

station. Fish captured in April at stations 2 and 5, which were not 

marked previously, received a different finclip from those marked pre-

viously, at that station. The sampling stations became isolated pools 

between the May and June samplings. The population estimates were 

assessed monthly through October when the stream again flowed freely. 
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Table 3. Treatment assignments to stations established on Warrior 
Creek, McDowell County, West Virginia. 

Station 

1 

2 

3 

4 

5 

6 

-I\ Bimonthly 

Depletion 

..J 

..J 

.j·'· " 

..J 

..J 

.j;'( 

sampling. 

Population Estimators 
Single Census 
Petersen 1 

Single Census 
Petersen 2 



RESULTS AND DISCUSSION 

Laboratory Experiments 

Preliminary Experiments 

Differences in mortalities of the fathead minnows with experimen-

tal shocking intervals were negligible at both 15.5 ± 1°C or 21 ± 1°C 

(Table 4). Less than 2 percent mortality per treatment was witnessed 

when data were adjusted for the number of shocks administered. Although 

a higher percentage mortality was observed at 21 ± 1°C than at 

15.5 ± 1°C, the difference was small and the mortalities were consistent 

between and within temperature experiments over time. It was concluded 

that a 24-h time frame could be used in subsequent experiments without 

concern of cumulative mortalities due to time or experimentally tested 

temperatures. 

Fish mortality caused by repetitive electroshocking (three 4-s 

shocks within 45 min) was severe compared to a single 4-s shock every 

24 h (Table 5); however, mortalities again appeared to be independent of 

time. Mortality rate remained relatively constant over time. Whaley 

(1975) found that various physiological parameters of rainbow trout re-

turned to normal within 24 h of being subjected to electrical shock. It 

was concluded from these preliminary experiments that the effects of 

repetitive electrical shocking could be considered independent on a 

daily basis. 

Experiment I: Repetitive Electroshocking 

Highly significant differences (P < 0.01) were seen between the 

22 
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Table 4. Mortalities of fathead minnows exposed to one 4-s shock 
at different time intervals over a 16-day period at 
15.5 ± 1°C and 21 ± 1°C. Three tanks per treatment. 

Treatment Mortalities No. shocks Avg mortality/shock Temp (°C) 

24 h 5 14 0.36 15 

24 h 6 14 0.43 21 

48 h 6 7 0.85 15 

48 h 8 7 1.14 21 

72 h 4 6 0.67 15 

72 h 5 6 0.83 21 

Control 1 4 0 15 

Control 6 0 21 

Control 2 2 0 15 

Control 2 0 21 

1 Electrodes placed in aquaria daily for approximately 10 s, but no 
electrical shock discharged. 

2No disturbance throughout study period. 
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Table 5. Mortalities of fathead minnows exposed to three 4-s 
shocks within 45 min at intervals of 24, 48, and 72 h. 

No. Shock 
Treatment N Mortalities periods Avg mortalities/shock 

24 h 75 56 10 5.6 

48 h 75 38 6 6.3 

72 h 75 33 6 5.5 

Control 1 75 4 0 

Control 2 75 3 0 

1 Electrodes placed in aquaria 3 times within 45 min, but no electrical 
shock discharged. 

2No disturbance throughout study period. 
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number of shocks a population of fathead minnows received per day and 

the survival of those fish (Fig. 3, Table 6). Populations receiving the 

two control treatments and the single electroshock treatment per day 

exhibited very low mortalities (0.40 to 0.67 mean percent mortality per 

day), whereas mean percent mortality for those fish electroshocked two 

and three times within a 24-h period was 2.67 and 7.47, respectively 

(Table 7). Lamarque (1967) and Whaley (1975) found that increased expo-

sure time to electric shock increased mortality in several fishes. It 

is evident from this experiment that multiple shocks such as those 

administered in typical depletion sampling significantly increased mor-

talities in fathead minnows. Total percent survival of fish electro-

shocked for 4 s one, two, or three times daily for 10 days were 94.7, 

73.3, and 25.3, respectively. The possibility of inducing mortality of 

fishes in small streams that are subjected to intensive electroshocking 

sampling programs, therefore, may be great. 

Experiment II: Repetitive Electroshocking Plus Handling 

Highly significant differences (P < 0.01) were determined between 

the number of shocks fish received and the survival of fish in Experi-

ment II (Fig. 4, Table 8). Handling as an additional factor did not in-

crease the number of mortalities of each treatment when compared to the 

first experiment (Tables 9,10). In mark-recapture estimation tech-

niques, fishes captured in initial samplings are not only subjected to 

the rigors of capture (e.g., electrofishing, seining, etc.), but are 

also subjected to the rigors of handling (e.g., identification, enumera-

tion, weighing, etc.) and marking (e.g., finclipping, tagging, branding, 
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Figure 3. Survival of fathead minnows over 10 days of electroshocking 

with treatments of one, two, and three shocks within 

45 min per day plus two nonshock controls. Regressions 

represent three replications per treatment level. Regression 

equations and associated 2, . r s are given by: 

One y 25.24 0.18X 2 0.43 = r = 

Two y 25.87 0.79X 2 0.80 = r = 

Three y 25.96 - 2.09X 2 0.82 = r = 

Control 1 y 24.02 - 0.17X 2 0.17 = r = 

Control 2 y 24.56 0.16X 2 0.42 = r = 
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Table 6. Analysis of covariance of five electroshocking treatments 
(one, two, and three electroshock applications per day plus 
two controls). 

Source df 

Total 149 

Shocks 4 

Day/Shocks 5 

Day 1 

Day·kShocks 4 
Error 140 

~': (P < 0.05). 
";~* (P < 0.01). 

SS 

131.79 

61.96 

11. 73 

2.61 

9.12 
58.1 

MS 

15.49 

2.35 

2.61 

2.28 
0.42 

F 

6.21* 

5. 43*-l~ 



29 

Table 7. Mortalities of fathead minnows subjected to one, two, or 
three electroshocks per day for 10 days plus two nonshock 
controls. 

Total 
Total Mortality Avg mortality/day 

No. of shocks/day No. Fish Mortality (Eercent) (Eercent) 

1 75 4 5.33 0.53 

2 75 20 26.67 2.67 

3 75 56 74.67 7.47 

Control 1 75 3 4.00 0.40 

Control 2 75 5 6.67 0.67 

1 Electrode placed into aquaria 3 times within 45 minutes for approxi-
mately 10 seconds each time, but no electrical shock discharged. 

2No disturbance throughout study period. 
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Figure 4. Survival of fathead minnows over 10 days with treatments of 

one, two, and three electroshocks within 45 min per day with 

two nonshock controls. A handling factor was added to all 

treatments. Regressions represent three replications per 

treatment level. Regression equations and associated r 21 s 

are given by: 

One y 24.51 0.24X 2 0.46 = r = 

Two y 25.73 0.65X 2 0.76 = r = 

Three y 26.62 1.87X 2 0.83 = r = 

Control 1 y 24.93 0.07X 2 0.15 = r = 

Control 2 y 25.24 0.14X 2 0.28 = r = 
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Table 8. Analysis of covariance of five electroshocking treatments 
(one, two, and three electroshock applications per day plus 
two nonshock controls) with the addition of a handling 
factor. 

Source df SS MS F 

Total 149 158.69 

Shocks 4 70.09 17 .52 34. 53;h'~ 

Day/Shocks 5 17.56 3.52 

Day 1 4.15 4.15 

Day·kShocks 4 13.41 3.35 

Error 140 71.04 0.51 

*••/\ (P < 0.01). 
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Table 9. Mortality of fathead minnows subjected to one, two, and three 
electroshock applications with a handling factor and two non-
shock controls (one with and one without a handling factor). 

Total 
Total Mortality Avg mortality 

No. of shocks/day No. Fish Mortality (Eercent) (Eercent) 

1 75 8 10.67 1.07 

2 75 16 21.33 2.13 

3 75 51 68.00 6.80 

Control 1 75 2 2.67 0.27 

Control 2 75 4 5.33 0.53 

1Fish were dipnetted from the aquaria and hand-held for approximately 
10 s and returned to aquaria. No electroshocking was performed in 
this treatment. 

2No disturbance during study period. 
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Table 10. Percent mortalities of fathead minnow populations subjected 
to repetitive electroshocking treatments with and without 
handling factors. 

Mortality Mortality 
(No handling) (Handling) Change 

No. shocks/day (:eercent) (percent) (percent) 

1 5.33 10.67 5.34 

2 26.67 21.33 -5.34 

3 75.67 68.00 -7.67 

Control 1 4.00 2.67 -1.33 

Control 2 6.67 5.33 -1.34 

1 Electrodes placed in tank 3 times within 45 min each day, but no 
electric shock discharged. 

2No disturbance throughout study period. 



35 

etc.). Mortalities associated with initial sampling procedures can in-

flate mark-recapture estimates. Depletion estimators, however, would be 

independent of previous sampling periods because no ~ priori measure-

ments are necessary for estimation and therefore, influences of previous 

mortalities (prior electroshocking, marking mortalities, or combinations 

of both) would only be reflected as existing population levels. 

Subjecting fish to the physiological rigors of electroshocking 

may cause no apparent physical damage, or it may be severe enough to 

rupture blood vessels and break bones (McCrimmon and Bidgood 1965, 

Spencer 1967). However, even in the absence of observable physical 

damage, dramatic physiological changes may be induced and certain 

exposures are directly lethal (Collins et al. 1954, Pratt 1954, 

Godfrey 1956, Whaley 1975). This work has demonstrated that repetitive 

exposure to electroshocking induced mortality in a predictable manner 

on fish populations. Increasing the number of repetitive efforts within 

a 24 h period (up to three in these studies), increased mortality in 

experimental populations from 0.53 percent to 7.47 percent per shocking 

period. Although handling alone has been shown to cause physiological 

imbalances in fish which may result in death (Stevens 1972, Wedemeyer 

1972, Barton et al. 1980), the addition of a handling factor to the 

repetitive electroshocking efforts did not increase mortaltity beyond 

that due to repetitive electroshocking alone. The severity of the 

physiological stresses of repetitive electroshocking may have masked the 

effects of handling alone in the laboratory experiments. An alternative 

possibility is that the experimental handling factor may not have been 

' ,, 
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sufficiently severe to cause physiological stress in fathead minnows, 

or possibly, that fathead minnows are extremely hardy fish and not as 

subject to physiological disorders which may result in death as quickly 

as with some species. 

Raceway Experiments 

Composite daily average population levels and estimates of fat-

head minnows and dace combined over four substrates show that the 

actual population levels and depletion estimates declined 17.2 percent 

and 20.3 percent, respectively, from day 1 to day 10 of raceway sampl-

ing. The small percent marked (Petersen 1) and the large percent marked 

(Petersen 2) single census estimates showed an increase of 48.3 percent 

and 45.6 percent, respectively, in estimated population size on day 10 

as compared to day 1 (Fig. 5). The depletion estimate most closely fol-

lowed the true population level as compared to the single census esti-

mates even though the depletion estimates consistently underestimated 

the true population level by 6.8 to 8.6 percent over species and sub-

strate types. The population estimation techniques were significantly 

different (P < 0.01) when assessed over substrates and species combined 

(Table 11). Significant differences (P < 0.05) were evident on day 3 

between Petersen 1 and Petersen 2 estimates techniques as one group; 

and the depletion estimates and actual population levels as two other 

groups. Depletion estimates and actual population levels were sig-

nificantly different (P < 0.05) throughout the experiment when species 

and substrates were combined. The variability associated with both 

Petersen 1 and Petersen 2 estimates over species and substrates 
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Figure 5. Composite daily average levels of three population estimators 

of fathead minnows and dace combined over four raceways dur-

ing a 10-day period. Upper figure represents daily average 

estimates combined over species and substrate types. Lower 

figure represents linear regression of each estimate over 

time. Regression equations and associated r 21 s are given by: 

Depletion y 56.07 1.23X 2 0.95 = r = 
Petersen 1 y 55.67 + 3.72X 2 0.88 = r = 

Petersen 2 y 55.20 + 3. llX 2 0. 77 = r = 

Actual y 59.40 1.13X 2 0.99 = - r = 
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Table 11. Analysis of covariance of three population estimators and 
actual population level of fathead minnows and dace combined 
over 10 days of population sampling in raceways with 
experimental substrates. 

Source df SS MS F 

Total 39 7971. 98 

Estimators 3 5415.28 1805.09 147 .80-ldl' 

Day/Estimators 4 2165.89 541. 47 

Day 1 411.49 411.49 33. 69;'d<' 

Day*Estimators 3 1754.39 584.80 

Error 32 390.81 12.21 

~';""]( (P < 0.01) 
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eliminated any significant differences in the slopes of the individual 

regressions over time (Fig. 5). 

Population Estimators 

In general, the depletion estimates for both species most closely 

followed actual population levels in all raceways as compared to Peter-

sen 1 and Petersen 2 single census estimates. Data and figures repre-

senting species specific and substrate specific responses of the three 

estimation techniques are presented in Appendix I. The depletion method 

consistently underestimated actual population levels of fathead minnows 

in raceways containing gravel and cobble substrates by 1.2 to 14.5 per-

cent and 8.4 to 15.3 percent, respectively (Fig. I-2, I-3, Table 12), 

whereas, this method both over and underestimated actual fathead minnow 

population levels in raceways with sand and boulder/bedrock substrates 

(Fig. I-1, I-4). The depletion estimates for dace both over and under-

estimated actual population levels over all substrates (Fig. I-5 - I-8, 

Table 12). 

The Petersen 1 and Petersen 2 estimates did not differ signifi-

cantly in the composite assessment over species and substrate types 

(Fig. 5). No significant differences were found between Petersen 1 and 

Petersen 2 estimates over time for either fathead minnows or dace within 

any substrate type (Appendix I). Significant differences (P < 0.05) be-

tween the Petersen 1 and Petersen 2 estimators and the depletion esti-

mator of fathead minnows occurred within three to five days over sand, 

cobble, and boulder/bedrock substrates. Estimates over gravel sub-

strates exhibited similar differences after seven days (Fig. I-1 - I-4). 
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Table 12. Range of percent under- and overestimates of actual popula-
tion levels of fathead minnows and dace using two popula-
tion measurement techniques in four experimental raceways. 
X represents the actual population level for any given day. 
Maximum range over the 10-day period is presented. 

Species 
Substrate 

Fathead minnow 
Sand 

Gravel 

Cobble 

Boulder/ 
bedrock 

Dace 

Sand 

Gravel 

Cobble 

Boulder/ 
bedrock 

Depletion 

-17.7 < x < 1.3 

-14.5 < x < -1.2 

-15.3 < x < -8.4 

-5.5 < x < 10 

-16.6 < x < 6.9 

-15.4 < x < 15.4 

-46.7 < x < 16.0 

-23.3 < x < 16.0 

Single Census 
Petersen 1 Petersen 2 

-7.6 < x < 5 .14 1.1 < x < 44.4 

0 < x < 51.1 -3.5 < x < 41.9 

18.8 < x < 224.2 11. 7 < x < 242 

-10.8 < x < 28 -9.6 < x < 30.7 

3.3 < x < 228 -6.6 < x < 140 

6.7 < x < 87 3.7 < x < 41.9 

-20 < x < 352.2 -26 < x < 456.5 

-13.3 < x < 145 -10 < x < 100 
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Significant differences in the same estimators were evident within four 

days for dace (Fig. I-5 I-8). Petersen 1 mark-recapture estimates in-

creased most rapidly from actual population levels, whereas Petersen 2 

estimates increased at a lesser rate. Even though depletion estimates 

both over- and underestimated true population levels, trends over time 

and absolute differences between the estimates, actual population values 

indicate that it is a far more reliable estimator over time than either 

Petersen 1 or Petersen 2 estimates. 

Validity of Assumptions 

·The degree to which the assumptions of the estimation techniques 

can be met in practice determines their utility as methods for sample 

population estimation. The assumptions associated with the single cen-

sus technique were satisfied during the 10-day experimental period. 

Mortalities for marked fish did not exceed 50 percent of all mortalities 

within any experimental raceway (Table 13); however, the removal of 

large percentages of the marked population through mortality (e.g., 

50 percent of the marked population of dace over boulder/bedrock sub-

strate) did result in larger population estimates. All marks were rec-

ognizable throughout the experimental period. Marking did not appear 

to influence the catchability of the fishes. Random distributions of 

marked fish in the population may be important over substrates which 

provide adequate refuge. If marked fish were distributed nonrandomly, 

perhaps as a behavioral response to marking, population estimates could 

be exceedingly high if the marked fish were unavailable to capture be-

cause of seeking refuge and the unmarked fish were available to capture. 
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Table 13. Observed mortalities of fathead minnows and dace during 
10 days of population sampling in five experimental raceways. 

No. No. No. Mortalities No. Marked 
Substrate Stocked Marked Mortalities (Eercent) Mortalities 

Fathead minnows 

Sand 85 35 13 15.3 5 

Gravel 85 35 5 5.8 2 

Cobble 85 35 20 23.5 7 

Boulder/ 
bedrock 85 35 8 9.4 3 

Control 85 35 4 4. 7 2 

Dace 

Sand 30 10 5 16.7 2 

Gravel 30 10 8 26.7 4 

Cobble 30 10 11 36.7 5 

Boulder/ 
bedrock 30 10 13 43.3 5 

Control 30 10 2 6.7 2 
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The same estimates could be very low if the distributions were reversed. 

The assumptions associated with the depletion estimation technique 

were generally satisfied. The population was closed to immigration and 

emigration and fishing effort was approximately uniform throughout the 

experimental period. The assumption of equal probability of capture 

for all individuals in a population is primarily a problem of separating 

populations into equal catchability groups before estimation (Carle 

1976). Fish of the same species may have distinctly different catch-

abilities due to size, age class differences, or other reasons. The 

possibility of unequal catchability within a species may be determined 

by analysis of the rate of recapture of marked fish of different sizes 

(Ricker 1975). All test fish of a particular species were very similar 

in size and any difference in catchability appeared to be a factor of 

substrate type during initial samples rather than individual or size 

related behavior patterns. Cormack (1966) found that underestimates of 

true population levels may result when individuals with higher catch 

probabilities than the population average dominate the catch. However, 

variation in the catchability among members of the same catchability 

group can be considered negligible when using the depletion method 

(Seber and Whale 1970). Libosvarsky (1967) and Cross and Stott (1975) 

found that fish may become unavailable to capture on subsequent efforts 

because of increased sensitivity to electric shock. Fish responding at 

a greater distance from the anode may avoid capture by seeking refuge 

or through some other behavioral or physiological response (Lelek 1965). 

Only fish in cobble and boulder/bedrock raceways had the opportunity to 
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seek refuge. Even if individuals responded at a greater distance from 

the electrodes during the second or third sampling periods in all race-

ways, only those fish in cobble or boulder/bedrock raceways could avoid 

being herded to the end of the raceway where large numbers were captured 

simultaneously. This avoidance response by fishes was observed in the 

field over sand substrates where a large percentage of the fishes cap-

tured would be caught in block nets at the end of the sampling site. 

Even if the probability of capture remains the same over substrates 

affording ample refuge, it is over these substrates that capture of 

individual fish is most difficult and the influence of electroshock 

mortalities may be the greatest. 

Substrates 

The type of substrate had a significant influence on the value of 

the population estimates. Virtually all fish were available for capture 

over sand and were observed in the majority of samples taken, whereas 

sampling of fish over cobble and boulder/bedrock substrates yielded an 

average of 43 percent and 46 percent, respectively, of the available 

population in those raceways. Rocky substrates afforded hiding places 

for fish during sampling efforts. Galvanotaxic responses due to elec-

troshocking were not always capable of extricating fish wedged between 

or under boulder and cobble substrates. The inability to capture the 

same ratios and numbers of fish across substrate types resulted in 

significantly different estimates of the same population level over 

substrates (Fig. 6-11). 

The Petersen 1 single census estimator for fathead minnows and 
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Figure 6. Comparison of Petersen 1 single census population estimates 

of fathead minnows over sand, gravel, cobble, and boulder/ 

bedrock substrates over a 10-day period in raceways. Upper 

figure represents actual population estimates. Lower figure 

represents linear regression of each estimate over time. 

Initial population was 85 fish. Regression equations and 

associated r 21 s are given by: 

Sand y 82.33 + 1.32X 2 0.15 = r = 
Gravel y 82.20 + 2.65X 2 0.84 = r = 
Cobble y 87.33 + 15.65X 2 = 0.83 = r ' 
Boulder/bedrock y 77 .00 + 1. 75X 2 = 0.66 = r ' 
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Figure 7. Comparison of Petersen 1 single census population estimates 

of dace over sand, gravel, cobble, and boulder/bedrock sub-

strates over a 10-day period in raceways. Upper figure 

represents actual population estimates. Lower figure repre-

sents linear regression of each estimate over time. Initial 

population was 30 fish. Regression equations and associated 
2 r 's are given by: 

Sand y 29.60 + l.78X 2 0.37 = r = 

Gravel y 30.00 + 0.58X 2 0.23 = r = 

Cobble y 32.60. + 3.78X 2 0.24 = r = 

Boulder/bedrock y 22.80 + l.98X 2 0.46 = r = 
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Figure 8. Comparison of Petersen 2 single census population estimates 

of fathead minnows over sand, gravel, cobble, and boulder/ 

bedrock substrates over a 10-day per~od in raceways. Upper 

figure represents actual population estimates. Lower figure 

represents linear regression of each estimate over time. 

Initial population was 85 fish. Regression equations and 

associated r 21 s are given by: 

Sand y 78.80 + l.30X 2 0.23 = r = 
Gravel y 79.67 + 2.13X 2 0. 74 = r = 
Cobble y 83.40 + 12.67X 2 = 0.79 = r ' 
Boulder/bedrock y 81. 80 + 1.13X 2 = 0.20 = ' r 
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Figure 9. Comparison of Petersen 2 single census population estimates 

of dace over sand, gravel, cobble, and boulder/bedrock sub-

strates over a 10-day period in raceways. Upper figure 

represents actual population estimates. Lower figure repre-

sents linear regression of each estimate over time. Initial 

population was 30 fish. Regression equations and associated 

2 r 's are given by: 

Sand y 24.73 + 1.94X 2 0.49 = r = 
Gravel y 31.93 + 0.25X 2 0.03 = r = 
Cobble y 28.33 + 5.03X 2 0.22 = r = 
Boulder/bedrock y 29.87 + 0. 72X 2 0.16 = r = 
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Figure 10. Comparison of depletion population estimates of fathead 

minnows over sand, gravel, cobble, and boulder/bedrock 

substrates over a 10-day period in raceways. Upper figure 

represents actual population estimates. Lower figure 

represents linear regression of each estimate over time. 

Initial population was 85 fish. Regression equations and 

associated r 21 s are given by: 

Sand y 79.53 0.95X 2 0.22 = r = 
Gravel y 84.00 l.58X 2 0.75 = r = 
Cobble y 78.27 l.85X 2 0.75 = r = 
Boulder/bedrock y 90.87 l.74X 2 0.66 = r = 
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Figure 11. Comparison of depletion population estimates of dace over 

sand, gravel, cobble, and boulder/bedrock substrates over 

a 10-day period in raceways. Upper figure represents actual 

population estimates. Lower figure represents linear re-

gression of each estimate over time. Initial population 

was 30 fish. Regression equations and associated r 21 s are 

given by: 

Sand y 31. 87 - l.52X 2 0.89 = r = 
Gravel y 29.79 0.79X 2 0.36 = r = 
Cobble y 25.80 l.07X 2 0.22 = r = 
Boulder/bedrock y 26.67 0. 76X 2 0.42 = r = 
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dace was consistently higher and more variable over cobble substrate 

than over any other substrate (Fig. 6-7). Similarly, the Petersen 2 

estimator exhibited the most variability and highest values over cobble 

substrate than other substrate types for both minnows and dace 

(Fig. 8-9). The variation in the Petersen 2 estimates was so high over 

cobble substrate that it eliminated the use of linear regression for 

predicting estimates over time. The regression was performed for 

illustrative purposes only, as it has no statistical validity with an 

2 r = 0.03 (Fig. 9). Depletion estimates were generally more variable 

between raceways, but relatively consistent within raceways (Fig. 10-

11). Depletion estimates were consistently lower over cobble substrate 

than any other substrates for fathead minnows. The inability to capture 

fish efficiently over cobble substrate would account for the uniformly 

lower estimates. Depletion estimates of dace were relatively uniform 

over all substrates (Fig. 11). 

Consistently higher mortalities were recorded in raceways with 

cobble and boulder/bedrock substrates than in raceways with sand and 

gravel substrates (Table 13). Capture of fish over sand and gravel sub-

strate facilitated quick removal and reduced the time the fish spent in 

the electric field. Cobble and boulder/bedrock substrates afforded 

refuge for fish which resulted in increased electroshocking time and 

slower removal from the raceway. Also, inadvertent crushing of fish 

under or between rocks during sampling was a possible cause of some 

mortality in the cobble substrate raceway. Fishes seeking refuge under 

or between rocks may be unavailable for capture due to their physical 
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surroundings. Researchers often expose fish to longer periods of elec-

troshocking than normal in an attempt to extricate fishes from a refuge 

or to effectively narcotize fishes to permit removal by hand. Labora-

tory experiments have demonstrated that repetitive electroshocking can 

cause fish mortality and prolonged exposure to electroshocking has 

been shown to consistently cause mortality (Whaley 1975). Fathead 

minnows exhibited the greatest mortality (23.5 percent) in 10 days over 

cobble substrate. Dace suffered 36.7 and 43.3 percent mortality in 

cobble and boulder/bedrock raceways, respectively. It appears that if 

fish are rapidly removed from the electric field and the number of 

exposures is minimized, then the chances of survival are increased. 

Fish in gravel and sand substrate raceways were usually removed from the 

electric field quickly. Fish in cobble and boulder/bedrock raceways 

were more difficult to capture and therefore were more susceptible to 

longer durations of electroshocking (Fig. 6-11). 

Estimation of Electroshock Mortality 

An empirical model based on results obtained in laboratory and 

raceway experiments can be applied to aspects of raceway experiments to 

examine the hypothesis that repetitive electroshocking reduces popula-

tion levels over time. Fishes sampled experimentally in raceways were 

electroshocked one, two, three, or more times per sampling effort 

depending upon when they entered the catch. Applying the average 

mortality rate of one, two, or three electrical shocks determined in 

both laboratory experiments (repetitive electroshocking with and without 

handling) with fathead minnows as the mortality rate associated with 
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each application of electroshocking rigors to the average percent catch 

per sampling run of fishes (fathead minnows and dace) determined for 

each substrate type in raceway sampling, an expected population mortal-

ity can be derived as given by: 

where: 

E[Z] m. 
l. 

Z = percent population mortality per sampling period 
C. = catch of fish in ith sample run 

l. 

m. 
l. 

=mortality rate due to ith electroshock application 

The average percent catch per sampling run is calculated by dividing 

(5) 

the incremental catches (runs one, two, and three) by the total number 

of fish caught over all runs. The observed mortality can then be 

compared with this expected population mortality on a daily basis. 

The expected total number of fish removed from the initial population 

at the end of the sampling period (10 days) can be calculated by: 

where: 

E[Nz] = N - N (1 - E[Z])r 
0 0 

NZ = population number lost to mortality 

N = initial population size 
0 

r = number of sampling periods (10 days for raceway experiments) 

The expected population mortality can then be compared with the observed 

mortality and a predicted population mortality which is defined as the 

difference between end points on the linear regression of depletion 

estimates versus time (Table 14). 



Table 14. Expectation of fish mortality due to repetitive electroshocking in raceways. Initial population size (N0 ) 

for fathead minnows and dace was 85 and 30, respectively. 

Avg percent mortality due 
to No. of electroshocks 

Avg percent fish caught 
of total 

Substrate 

Sand 
fathead minnows 
dace 

Gravel 
fathead minnows 
dace 

Cobble 
fathead minnows 
dace 

Boulder/bedrock 
fathead minnows 
dace 

3 ( c. ) = .~ + mi 
i-1 I C 

i=l i 

Minimum No. of 
electroshocks 
I 2 3 

0.80 2.40 7. 13 

70.2 22.6 7.2 
63.2 24.5 12.3 

75.1 18.5 6.4 
69.3 21. 2 9.5 

67.4 23.2 9.4 
58. I 28. I 13.8 

56.6 31.0 12.4 
77 .0 17.3 5.7 

Expected population 1 
mortality per sample 

(percent) 

I. 61 
1.98 

1.50 
I. 74 

I. 77 
2. 11 

2.07 
I. 45 

Expected population 
mortality ~or 2 Observed Predicted3 

raceway experiments mortalities mortalities 

13 13 15 
6 13 14 

12 11 14 
5 7 7 

14 19 25 
6 13 10 

17 12 12 
5 10 7 

where: Z =population mortality per sampling period; Ci= catch of fish in ith sample run; 

m. =percent mortality due to ith electroshock application. 
1 

where: N2 = population number lost to mortality; N0 = initial population size; r = number of sampling periods. 

3obtained from regression of depletion population estimate over time. 

°' f--1 



62 

No significant differences were found between the method of esti-

mating population mortality and the observed mortality over substrate 

types and species (Table 15). Substrates were significantly different 

(P < 0.05) and species were highly significantly different (P < 0.01) 

in mortality in raceway experiments. Both the expected population mor-

tality and the predicted mortality followed observed mortalities over 

substrate types for fathead minnows. The expected mortality approxi-

mated the observed mortality better than the predicted mortality esti-

mate over sand, gravel, and cobble substrates. The predicted mortality 

level for fathead minnows over boulder/bedrock substrates equaled the 

number of observed mortalities for that raceway (Table 14). The 

expected population mortality underestimated observed and predicted 

mortality over all substrates for dace. Species response differences 

may be expected since fathead minnows are recognized as a hardy species 

and the mortality rates utilized in the expected population mortality 

are based on fathead minnow laboratory mortality. Predicted mortalities 

derived through linear regression were much closer to the observed mor-

talities for dace. 

The expected population mortality estimate is sensitive to the 

percentage of fish occurring in each sample run. The larger the percent 

of the total catch which enters the sample after the first run, the 

greater will be the probability of incurring electroshock mortality. 

Substrates which offer refuge to fishes during sampling had larger per-

centages of the total catch enter the sample during the second and 

third run and, hence, had larger expected population mortality. These 
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Table 15. Analysis of variance of expected, predicted and observed 
mortality methods for fathead minnows and dace in raceways 
with sand, gravel, cobble, and boulder/bedrock substrates. 

Source 

Total 

Species 

Method 

Substrate 

Species'l'•Method 

Error 

•'> (P < 0.05). 
;'(;'\ (P < 0 01) . . 

df 

23 

1 

2 

3 

2 

15 

SS MS F 

519.33 

228 .17 228.17 28. 32'1'* 

46.33 23.16 2.88 

91.67 30.56 3. 79•'> 

32.33 16.16 2.01 

120.83 8.06 
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substrates also exhibited large observed mortality in relation to other 

substrates. Observed mortality was greatest over cobble substrate for 

fathead minnows. Highest observed mortality for dace occurred over 

cobble and sand substrates (Table 14). The percentage reduction of the 

initial fathead minnow population observed at day 10 ranged from 12.9 

over gravel substrate to 22.4 over cobble substrate. The expected 

mortality for fathead minnows ranged from 14.1 percent over gravel to 

20 percent over boulder/bedrock substrate. The predicted mortality 

ranged from 14.1 percent over boulder/bedrock to 29.4 percent over 

cobble substrate. The percent expected mortality closely approximated 

the coefficient of regression for fathead minnows over gravel and cobble 

substrates. No relationship was observed for dace between percent ex-

pected mortality and the coefficient of regression over any substrate. 

Field Experiments 

Monthly fish collections were made from March 1977 through October 

1977 at the four stations receiving experimental treatments and bi-

monthly at the two control stations. Six species were collected 

(Table 16). Only creek chubs (Semotilus atromaculatus) and blacknose 

dace (Rhinichthys atratulus) were caught in sufficient numbers to permit 

population estimation techniques to be performed throughout the sampling 

period. Highly significant differences (P < 0.01) were found between 

three population estimators in the composite monthly average population 

estimates of chubs and dace combined over four experimental and two 

control stations (Fig. 12, Table 17). All estimates increased through 

June when a maximum population level was recorded for the depletion 
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Table 16. Occurrence of fishes at six stations on Warrior Creek, 
McDowell County, West Virginia, 1977. 

Station 
Species 1 2 3 4 5 6 

Chub (Semotilus atromaculatus) 8 8 5 8 8 5 

Dace (Rhinichthys atratulus) 8 8 5 8 8 5 

Sculpin (Cottus bairdi) 8 5 3 8 6 1 

Green Sunfish (Lepomis cyanellus) 5 4 2 5 0 0 

White Sucker (Catostomus commersoni) 2 1 0 1 0 0 

Stone roller (CamEostoma anomalum) 1 0 0 2 1 0 

Stations 1, 2, 4, 5 - sampled monthly for 8 months. 
Stations 3, 6 - sampled bimonthly for 5 months. 
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Figure 12. Composite average monthly levels of three population esti-

mators of chubs and dace combined at four stations on 

Warrior Creek, West Virginia. Upper figure represents 

average monthly estimates combined over species and 

stations. Lower figure represents linear regression of 

each estimate over time. Regression equations and 

associated r 21 s are given by: 

Depletion y 37.07 1.57X 2 = 0.33 - ' r 

Petersen 1 y 31.39 + 15.18X 2 = 0.97 ' r 

Petersen 2 y 50.41 + 2.23X 2 = 0.25 = ' r 
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Table 17. Analysis of covariance of three population estimation tech-
niques for chubs and dace combined over stations. 

Source df SS MS F 

Total 20 28990.57 

Estimators 2 22349.05 11174.53 276. 94id'> 

Month/Estimators 3 6641.52 2213.84 

Month 1 2149.36 2149.46 53. 27id'; 

Month*Estimators 2 4831. 19 2415.60 59. 87id'> 

Error 15 605.24 40.35 

-1~·-k (P < 0.01). 
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technique. The depletion estimate declined every month thereafter, 

reaching a mimimum in October of 55 percent of the June maximum. The 

Petersen I single census estimates increased steadily from the initial 

sampling period. The October sample was 146.7 percent higher than the 

initial April sample and 48 percent higher than the June sample esti-

mates. The Petersen 2 estimates increased from May to June, declined 

through September and increased to reach a maximum value of 44 percent 

of the May sample in October. The initial increase in population levels 

through June is probably due to increased concentration of fish at all 

stations as the available habitat for fish was reduced with the onset of 

intermittent streamflow. Streamflow was intermittent for the first time 

during the June sampling. Surface flow was intermittent during each 

subsequent sampling trip until October, when previously isolated pools 

were reconnected by surface flow to become a flowing stream. 

Figures and data of species specific and station specific re-

sponses of three population estimation techniques are presented in Ap-

pendix II. In general, depletion estimates for chubs and dace increased 

from March to a June maximum and then declined throughout the remainder 

of the study. The maximum depletion estimates were obtained for chubs 

at stations I and 5 in May, while dace at stations I and 5 reached maxi-

mum depletion estimates in May and April, respectively (Fig. II-I, II-2, 

II-9, II-10). Chubs at station 2 exhibited a 76.4 percent decrease in 

estimated population in October as compared with the June maximum. 

Similarly, station 5 dace populations were reduced 80.9 percent of the 

April maximum. Minimum reductions in estimated population sizes for 
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chubs and dace were seen at station 6 (12.8 percent) and station 1 

(19.3 percent), respectively (Fig. II-11, II-12). 

Petersen 1 single census estimates of chub populations increased 

rapidly at stations 1, 4, and 5 while estimates for dace increased most 

rapidly at station 4 over the summer months. Petersen 1 estimates for 

dace were variable at station 5, but showed little increase over time 

(Fig. II-10). Petersen 1 estimates for chubs at station 2 (Fig. II-3) 

and dace at station 1 (Fig. II-2) were undefined (Y = oo) during the last 

sampling period. The number of marked fish in the samples declined over 

time, perhaps through emigration, mortality, electroshock capture avoid-

ance, or all of these, thereby inflating single census estimates in 

succeeding months. 

The Petersen 2 single census population estimates were more con-

servative than the Petersen 1 single census estimates due to the larger 

proportion of marked fish, and increased in magnitude at a slower rate 

than the Petersen 1 estimates at station 2 and 5 for chubs and dace 

(Figs. II-3, II-4, II-9, II-10). 

Linear regressions of population estimates over time were per-

formed for all stations and species to characterize and quantify the 

change of each estimator over time (Figs. II-1 - II-12). Several of the 

linear regression models are not statistically significant because of 

very low coefficients of determination (r2), however, they are presented 

to provide information of a general nature regarding changes in esti-

mated population levels by technique over time. Initial Petersen 1 

estimates exhibited significant differences from depletion estimates for 
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chubs at stations 1 and S, and for dace at station 2. The initial 

Petersen 2 estimate at station 5 for chubs was also significantly 

different from depletion and Petersen 1 estimates. Estimated population 

levels were different across species and stations using the three tech-

niques. The linear regressions of estimated population size versus time 

using the composite analysis (Fig. 12) show a rapid increase in Peter-

sen 1 estimates, a slower but steady increase in Petersen 2 estimates, 

and a consistent decline in depletion estimates over time. 

In general, Petersen 1 estimates exhibited the highest variability 

between months of all estimators, Petersen 2 estimates exhibited the 

next highest degree of variability and depletion estimates were the 

least variable over time within stations. 

Validity of Assumptions 

Immigration and emigration should be negligible in the study 

stream during periods of intermittent streamflow due to physical bar-

riers. Storm events and subsequent spates can rapidly restore surface 

flow in such streams and maintain it for substantial time periods, 

permitting redistribution of fish within the stream. On two separate 

occasions a single marked chub from an adjacent downstream station was 

captured. The fish were released within the station of their original 

marking. No other marked fish were identified outside of the appropri-

ate station. Many stream fish exhibit territoriality and do not move 

far from their original points of capture (Gerking 1953, Siefert 1963). 

Immigration of the chubs to adjacent upstream stations probably oc-

curred before June since the maximum population estimates occurred in 
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June when streamflow was already intermittent. 

Marks were identifiable throughout the study period and differen-

tial mortalities due to marking were not evident. Initial mortalities 

due to marking were removed from the study. All fish appearing in any 

collection were randomly distributed throughout the station by the re-

searcher upon completion of a sampling effort. Distribution of marked 

and unmarked fish appeared to be similar within the study sections. 

Estimation of Electroshock Mortality 

Laboratory results may be applied to field data to predict a per-

centage loss to the population due to repetitive electroshocking. The 

average mortality rates of one, two, and three electrical shocks were 

assigned to depletion catch data according to the percentage of the 

total capture in one, two, or three sample runs to calculate the ex-

pected population mortality (Table 18). The highest expected population 

mortality for chubs was seen over gravel substrate at station 5. The 

predicted mortality, based on the regressions of individual population 

estimates over time, was highest for chubs and dace in the March through 

October period at station 5. An initial assessment of population 

decline of fishes during the study period (March-October) was made by 

regressing depletion population estimates versus time. Many of these 

regressions had very low coefficients of determination (r2) because of 

an increase in the estimated population levels between March and June. 

Therefore, a second data set containing the observation in which the 

maximum depletion estimate was obtained and each succeeding month 

thereafter through October was utilized for predicting mortality due 



Table 18. Expectation of fish mortality due to repetitive electroshocking at six stations on Warrior Creek. Initial 
population size (N0 ) for chubs and dace are given in Tables II-1 through II-7 of Appendix II. 

Minimum No. of 
electroshocks 

Expected population1 
mortality per sample 

Expected 2 
population mortality 

Predicted4 
mortalities 

Station 2 3 (percent) Mar-Oct Max3-0ct Mar-Oct Max3-oct 

Avg percent mortality due 
to No. of electroshocks 

Avg percent fish caught 
of total 

Substrate 
Sand 

chubs 
dace 

Gravel 
chubs 
chubs 
dace 
dace 

Cobble 
chubs 
chubs 
dace 
dace 

Boulder/bedrock 
chubs 
dace 

3 (c. ) .~ +mi 
1-l l c. 

i=l 1 

0.80 

64.2 
62.9 

3 57.5 
5 51.8 
3 62.5 
5 54.5 

4 54.3 
6 64.4 
4 43.3 
6 70.0 

2 49.2 
2 66.7 . 

2.40 7. 13 

21. 3 14.5 2.06 5 
24.3 12.9 2.01 2 

28.7 13.8 2.14 2 
30.3 18.0 2.42 10 
25.3 12.2 }. 98 1 
29 .1 16.4 2.30 5 

27 .0 18.7 2.42 4 
24.3 11.3 1.90 3 
37.4 19.3 2.62 10 
22.0 8.0 1.66 2 

35.1 15.8 2.36 3 
16.7 16.5 2.11 

where: Z = population mortality per sampling period; Ci = catch of fish in ith sample run; 
m. =percent mortality due to ith electroshock application. 

1 

5 9 
3 7 

3 0 
10 36 
2 0 
9 33 

8 0 
4 2 
8 0 
3 0 

5 10 
2 6 

where: NZ = population number lost to mortality; N0 initial population size; r = number of sample periods. 
3Max = Month of maximum depletion estimate. 
4obtained from regression of depletion population estimate over time. 

12 
18 

7 
33 

5 
12 

30 
9 

33 
11 

32 

--..J 
w 
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to repetitive electroshocking (Table 18). The increased population 

levels seen in all estimates in April, May, and June were probably due 

to emigration of fish from areas of the stream which ultimately went dry 

in June and these areas remained as barriers to fish movement throughout 

most of the remainder of the study period. It is also possible that 

young chubs and dace were entering catchable size categories, although 

only fish of adult size were selected throughout the study. 

The expected population loss to repetitive electroshock ranged 

from 7.7 percent (over gravel) to 20.8 percent (over cobble) for the 

eight month period. The expected mortality for the period of the maxi-

mum depletion estimate through October ranged from 7.9 percent (over 

cobble) to 14.5 percent (over gravel). The regression of depletion 

estimates versus time for the eight month period resulted in predicted 

mortality ranging from 0 percent (over gravel) to 87.5 percent (over 

sand). Predicted population decline for the shortened interval of time 

ranged from 7.1 percent (over boulder/bedrock) to 84.2 percent (over 

boulder/bedrock). In almost all cases, the predicted mortality for a 

species increased when the period of emigration was eliminated from con-

sideration. The predicted mortality ranged from values of zero which 

were less than any expected mortality to values four times as great as 

any expected mortality. 

All expected mortality values were less than predicted population 

mortality during the period from maximum population size through 

October. Predicted mortality derived by the regressions of depletion 

estimates from the maximum depletion estimate to October is probably a 
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reasonable expression of actual mortaltity which occurred in Warrior 

Creek in 1977. Mortality rates utilized in the expected population 

mortality and based on a hardy species such as fathead minnows may not 

be realistic for dace and chubs. 

The proportion of the catch entering the total catch per sample 

was higher for runs two and three for field estimates as compared to 

raceway estimates. This resulted in higher expected mortality in the 

field over substrates comparable to raceway substrates. Limiting the 

depletion data set to the period from the month of maximum estimated 

population through the end of the study rendered predicted mortality 

a far better estimator of actual mortality. Disregarding the early 

population estimates eliminated the population growth period prior to 

declines in available habitat as surface flow ceased. Expected mortal-

ity may indeed be reasonable estimates of mortalities due to electro-

shocking in the field, however environmental factors affecting mortality 

may be substantially higher than electroshocking mortality alone and, 

therefore, expected mortality would probably always underestimate actual 

mortality levels. After surface flows have been interrupted and extant 

pools have been established as biological refuges, fish may be exposed 

to high water temperatures, stagnant water conditions and a high inci-

dence of land-based predation (Hynes 1970, Alexander 1979). When sur-

face flow stops, it is reasonable to assume that fish populations in 

isolated pools will not increase until return of contiguous surface flow 

(negating reproduction). It should also follow that fish populations in 

isolated pools will decline as physical stress and predation increase 
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Chubs averaged 17.8 percent decline in maximum population levels 

at control stations as compared to 51.7 percent average decline at sta-

tions where fish were more frequently electoshocked and where fish were 

marked. Dace averaged 35.9 percent population decline at control sta-

tions as compared to 36.5 percent decline in maximum population levels 

at other stations. The approximately 34 percent difference in popula-

tion decline at control stations versus other stations may possibly be 

attributed to mortality associated with marking, mortality related to 

increased number of sampling periods and, therefore, more frequent elec-

troshocking exposures, or both. Dace showed no difference in population 

decline between control and experimental stations. Physiological 

stresses due to electroshocking could well have a deleterious synergis-

tic effect, increasing the probability of causing death to fish already 

stressed due to their surroundings. 



CONCLUSIONS 

1. Subjecting fish to the physiological rigors of electroshocking 

may cause no apparent physical damage, or it may be severe enough to 

rupture blood vessels and break bones. However, even in the absence of 

observable physical damage, dramatic physiological changes may be in-

duced and certain exposures are directly lethal. This work has demon-

strated that repetitive exposure to electroshocking induced mortality in 

a predictable manner on fish populations. Increasing the number of re-

petitive efforts within a 24 h period (up to three in these studies), 

increased mortality in experimental populations from 0.8 percent to 

7.13 percent per shocking period. 

2. Although handling alone has been shown to cause physiological 

imbalances in fish which may result in death, the addition of a handling 

factor to the repetitive electroshocking efforts did not increase mor-

taltity beyond that due to repetitive electroshocking alone. The sever-

ity of the physiological stresses of repetitive electroshocking may have 

masked the effects of handling alone in the laboratory experiments. An 

alternative possibility is that the experimental handling factor may not 

have been sufficiently severe to cause physiological stress in fathead 

minnows, or possibly, that fathead minnows are extremely hardy fish and 

not as subject to physiological disorders which may result in death as 

quickly as with some species. 

3. Two commonly used population techniques applied to populations 

of fathead minnows and dace in raceways differed significantly over 

time and over substrate types. Depletion method estimates consistently 

77 
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underestimated actual population levels, but the estimates were more 

representative of the true population levels over species, substrates 

and time than either small proportion or large proportion marked single 

census estimates. 

4. The decline in the known population levels of fathead minnows 

and dace was directly attributed to electroshocking or sample technique 

induced mortality in all raceways. 

5. The regression of daily depletion estimates versus time 

yielded a predicted mortaltity for fathead minnows and dace over all 

substrates, and this predicted mortality was very close to actual mor-

tality for populations of known numbers of fish. An expected population 

mortality was derived by applying the average mortality rate associated 

with various frequencies of electroshock in the laboratory to the pro-

portion of the total raceway catch receiving a comparable number of 

electroshocks. This expected mortality closely followed observed mor-

tality due to electroshocking for fathead minnows in raceways, but pre-

dicted mortality was closer to the observed mortality for dace. No sig-

nificant differences were found between observed, expected and predicted 

mortality over species and substrates. 

6. The proportion of the catch entering the total catch per 

sample was higher for runs two and three for field estimates as compared 

to raceway estimates. This resulted in higher expected mortality in the 

field over substrates comparable to raceway substrates. Limiting the 

depletion data set to the period from the month of maximum estimated 

population through the end of the study rendered predicted mortality a 

I 
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far better estimator of actual mortality. The expected mortality due to 

electrofishing may be a component of predicted mortality calculated from 

field data. Raceways were protected from predators and the time frame 

was short in comparison to field studies. Fish predators and environ-

mental factors act to deplete the native fauna during restricted flow 

periods. Electroshocking during this time period may be parti~Ularly 
I 

deleterious to fish. 

7. Depletion estimates closely followed actual population esti-

mates in raceways and provided more reliable estimates in raceways and 

field studies as compared to the two single census techniques. Deple-

tion techniques are usually accomplished with a much reduced expenditure 

of time and effort over the mark-recapture method, and depletion methods 

avoid the potentially adverse effects of tagging or marking on fish. 

8. Population estimates can be adjusted for expected electroshock 

mortality and the partitioning of this source of mortality may permit 

the researcher to assess other impacts on the system being studied while 

using the depletion method. An investigator must insure that his re-

search efforts alone are not a major impact on the system he seeks to 

understand. This is especially true when assessing the status of rare, 

threatened and endangered species populations, many of which are few in 

number and restricted to specific microhabitats within small aquatic 

systems. Therefore, it may be advisable to utilize single or multiple 

census techniques where only one electroshock effort is made per sam-

pling period on populations of rare, threatened or endangered species to 

avoid the impact of repetitive electroshock mortality. The choice must 
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then be made between marking or tagging mortality and electroshock mor-

tality within the objectives of a particular study. 

9. An analysis of expected mortality may be useful in research 

where intensive sampling efforts are implemented to follow the dynamics 

of fish populations over small time periods. The expected mortality es-

timate is sensitive to the proportional catch in successive efforts and 

can be adjusted for species, substrates and temporal differences. It 

is believed that the expected mortality is a conservative estimate for 

field work, in part due to temporal differences witnessed in laboratory 

and field studies. Although laboratory experiments did not exhibit 

statistical differences in mortality rates due to temperature, field 

experience has shown significant mortality due to electroshocking during 

certain seasons of the year. It is believed, there£ore, that the 

expected mortality rate could be adjusted to accomodate temporal differ-

ences. The rate of reactions in physiological systems increases with 

temperature up to a maximum; with further increases in temperature, the 

rate of activity declines as lethal thermal limits are approached. Warm 

summer temperatures would probably impact trout to a greater degree than 

largemouth bass or other warmwater fishes when compounded with the 

physiological stresses induced through electroshocking. Increased mor-

tality of fishes due to such stresses would probably follow certain 

thermal regimes and perhaps be predictable. 
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Figure I-1. Population estimates of 85 fathead minnows in raceway with 

sand substrate during a 10-day experimental period. Upper 

figure represents actual estimates made each day. Lower 

figure represents linear regression of each estimate over 

time. Regression equations and associated 2 r 's are 

given by: 

Depletion y 79.53 0.95X 2 0.22 = r = 
Petersen 1 y 82.33 + l.32X 2 0.15 = r = 
Petersen 2 y 78.80 + l.30X 2 0.23 = r = 
Actual y 85.93 l.44X 2 0.96 = r = 
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Figure I-2. Population estimates of 85 fathead minnows in raceway with 

gravel substrate during a 10-day experimental period. 

Upper figure represents actual estimates made each day. 

Lower figure represents linear regression of each estimate 

over time. Regression equations and associated 2 r 's are 

given by: 

Depletion y 85.00 1.58X 2 0.75 = - r = 

Petersen 1 y 82.20 + 2.65X 2 0.84 = r = 

Petersen 2 y 79.67 + 2.13X 2 0. 74 = r = 

Actual y 87.07 1.21X 2 0.97 = - r = 
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Figure I-3. Population estimates of 85 fathead minnows in raceway with 

rock substrate during a 10-day experimental period. Upper 

figure represents actual estimates made each day. Lower 

figure represents linear regression of each estimate over 

time. Regression equations and associated 2 r 's are 

given by: 

Depletion y 78.27 1.85X 2 = 0.75 = , r 

Petersen 1 y 87.33 + 15.65X 2 0.83 = r = 
Petersen 2 y 83.40 + 12.67X 2 0.79 = r = 
Actual y 89.69 2.lOX 2 = 0.89 = r , 
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Figure I-4. Population estimates of 85 fathead minnows in raceway with 

boulder/bedrock substrate during a 10-day experimental 

period. Upper figure represents actual estimates made each 

day. Lower figure represents linear regression of each 

estimate over time. Regression equations and associated 

2 r 's are given by: 

Depletion y 90.87 l.74X 2 0.66 = r = 
Petersen 1 y 77 .00 + 1.75X 2 0.66 = r = 
Petersen 2 y 81.07 + 1.13X 2 0.20 = r = 
Actual y 85.40 1.25X 2 0.97 = r = 
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Figure I-5. Population estimates of 30 dace in raceway with sand sub-

strate during a 10-day experimental period. Upper figure 

represents actual estimates made each day. Lower figure 

represents linear regression of each estimate over time. 

Regression equations and associated 2 r 's are given by: 

Depletion y 31.87 1.52X 2 0.89 = r = 
Petersen 1 y 29.60 + 1.78X 2 0.37 = r = 
Petersen 2 y 24. 73 + 1. 94X 2 0.49 = r = 
Actual y 32.53 1.50X 2 0.97 = r = 
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Figure I-6. Population estimates of 30 dace in raceway with gravel sub-

strate during a 10-day experimental period. Upper figure 

represents actual estimates made each day. Lower figure 

represents linear regression of each estimate over time. 

Regression equations and associated 2 r 's are given by: 

Depletion y 29.87 0.79X 2 0.36 = r = 
Petersen 1 y 30.00 + 0.58X 2 0.23 = r = 
Petersen 2 y 31. 93 + 0.25X 2 0.03 = r = 
Actual y 30.27 - 0.81X 2 0.94 = r = 
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Figure I-7. Population estimates of 30 dace in raceway with rock sub-

strate during a 10-day experimental period. Upper figure 

represents actual estimates made each day. Lower figure 

represents linear regression of each estimate over time. 

Regression equations and associated 2 r 's are given by: 

Depletion y = 25.80 - 1.07X 2 0.22 r = 
Petersen 1 y 32.60 + 3.78X 2 0.24 = r = 
Petersen 2 y 28.33 + S.03X 2 0.22 = r = 
Actual y 33.33 - 1.SSX 2 0.96 = r = 
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Figure I-8. Population estimates of 30 dace in raceway with boulder/ 

bedrock substrate during a 10-day experimental period. 

Upper figure represents actual estimates made each day. 

Lower figure represents linear regression of each estimate 

over time. Regression equations and associated r 21 s are 

given by: 

Depletion y 26.67 - 0.79X 2 0.42 = r = 
Petersen 1 y 22.80 + 1.98X 2 0.46 = r = 
Petersen 2 y 29.87 + 0.72X 2 0.16 = r = 
Actual y = 30.47 - 1.08X 2 0.97 r = 
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Table I-1. Composite daily average population levels and population 
estimates of fathead minnows and dace in all raceway over 
all substrates. All fractional estimates have been rounded 
to the next higher integer. N = 4. 

Da 
1 2 3 4 5 6 7 8 9 10 

Actual 58 57 56 55 54 53 52 50 49 48 

Depletion 54 53 53 53 50 48 47 46 46 43 

Petersen 1 60 59 68 74 74 73 89 82 93 89 

Petersen 2 57 59 67 66 74 69 89 75 84 83 
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Table I-2. Daily population level and population estimates of fathead 
minnows and dace in a raceway with sand substrate. 

Day 
1 2 3 4 5 6 7 8 9 10 

Fathead minnow 

Actual 85 83 82 80 79 76 75 74 74 72 

Depletion 84 84 73 73 65 67 76 75 74 72 

Petersen 1 97 88 89 81 73 80 93 87 99 109 

Petersen 2 86 85 86 79 76 78 95 84 87 104 

Dace 

Actual 30 29 29 27 24 24 22 20 20 17 

Depletion 30 31 28 27 23 20 21 18 21 17 

Petersen 1 31 36 32 39 38 36 50 59 39 39 

Petersen 2 28 31 28 32 32 31 51 48 36 40 
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Table I-3. Daily population level and population estimates of fathead 
minnows and dace in a raceway with gravel substrate. 

Day 
1 2 3 4 5 6 7 8 9 10 

Fathead minnow 

Actual 85 85 83 83 81 80 79 78 76 74 

Depletion 84 80 79 78 77 75 70 71 65 74 

Petersen 1 87 85 91 94 99 97 93 101 109 112 

Petersen 2 82 82 92 84 95 90 92 92 100 105 

Dace 

Actual 30 29 27 27 26 26 24 23 23 23 

Depletion 30 30 25 28 27 22 21 22 30 20 

Petersen 1 32 31 30 32 32 35 33 33 43 31 

Petersen 2 34 32 29 28 36 42 32 32 37 31 
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Table I-4. Daily population level and population estimates of fathead 
minnows and dace in a raceway with rock substrate. 

Da 
1 2 3 4 5 6 7 8 9 10 

Fathead minnow 

Actual 85 84 83 83 81 80 78 72 69 66 

Depletion 72 73 76 74 72 69 60 65 63 57 

Petersen 1 101 101 131 164 173 181 226 184 259 214 

Petersen 2 95 102 119 140 154 149 194 158 236 184 

Dace 

Actual 30 30 29 28 27 25 23 20 19 17 

Depletion 16 19 30 21 27 29 20 15 11 11 

Petersen 1 26 24 55 62 62 31 104 57 48 65 

Petersen 2 23 22 56 51 76 28 128 52 44 80 
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Table I-5. Daily population level and population estimates of fathead 
minnows and dace in a raceway with boulder/bedrock 
substrate. 

Da 
1 2 3 4 5 6 7 8 9 10 

Fathead minnow 

Actual 85 83 81 80 78 77 77 75 75 73 

Depletion 89 79 88 88 85 82 81 77 75 69 

Petersen 1 78 74 86 80 85 90 91 96 91 89 

Petersen 2 79 75 90 83 83 92 94 98 93 79 

Dace 

Actual 30 29 27 25 25 23 23 22 21 20 

Depletion 23 27 24 29 21 20 20 21 23 17 

Petersen 1 26 30 30 34 31 31 24 32 50 49 

Petersen 2 27 37 31 31 38 38 24 34 38 40 
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Table I-6. Daily population level of fathead minnows and dace in the 
control raceway with contained no substrate. 

Da 
1 2 3 4 5 6 7 8 9 10 

Fathead minnow 

Actual 85 85 85 84 84 84 82 82 82 81 

Dace 

Actual 30 30 30 30 29 29 29 28 28 28 
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Figure II -1. 

llO 

Population estimates of chubs at station 1, located on 

Warrior Creek, from March through October 1977. Upper 

figure represents actual field estimates. Lower figure 

represents linear regressions of population estimates 

over time. Regression equations and associated 

are given by: 

Depletion 

Petersen 1 

Y = 40.71 - 1.32X , 

Y = 12.57 + 15.14X, 

r2 = 0.35 

2 r = 0.91 

2 r 's 
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Figure II-2. 

112 

Population estimates of dace at station 1, located on 

Warrior Creek, from March through October 1977. Upper 

figure represents actual field estimates. Lower figure 

represents linear regressions of population estimates 

over time. Regression equations and associated 2 r 's 

are given by: 

Depletion 

Petersen 1 

Y = 18.45 - 1.0lX , 

Y = -254.71 + 54.42X 

r 2 = 0.16 

2 
r = 0.49 
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Figure II-3. Population estimates of chubs at station 2, located on 

Warrior Creek, from March through October 1977. Upper 

figure represents actual field estimates. Lower figure 

represents linear regressions of population estimates 

over time. Regression equations and associated 2 r 's 

are given by: 

Depletion y 32.80 1.49X 2 = 0.11 = - r ' 
Petersen 1 y -252.04 + 62.96X 2 = o. 77 = r 

Petersen 2 y 77 .60 + 1.30X 2 = 0.02 = r ' 
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Figure II-4. Population estimates of dace at station 2, located on 

Warrior Creek, from March through October 1977. Upper 

figure represents actual field estimates. Lower figure 

represents linear regressions of population estimates 

over time. Regression equations and associated 2 r 's 

are given by: 

Depletion y 13.01 - 0.81X 2 0.41 = r = 
Petersen 1 y 40.86 0.14X 2 0.01 = r = 
Petersen 2 y 58.00 - 3.30X 2 0.33 = r = 
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Figure II-5. 
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Population estimates of chubs at station 3, located on 

Warrior Creek, from March through October 1977. Upper 

figure represents actual field estimates. Lower figure 

represents linear regression of population estimates 

over time. Regression equation and associated r 2 for 

the depletion method is given by: 

Y = 23.68 + 0.02X , 2 
r = 0.01 
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Figure II-6. 
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Population estimates of dace at station 3, located on 

Warrior Creek, from March through October 1977. Upper 

figure represents actual field estimates. Lower figure 

represents linear regression of population estimates 

over time. Regression equation and associated 

the depletion method is given by: 

y = 16.45 + o.osx ' 2 
r = 0.10 

2 
r for 
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Figure II - 7 . Population estimates of chubs at station 4, located on 

Warrior Creek, from March through October 1977. Upper 

figure represents actual field estimates. Lower figure 

represents linear regressions of population estimates 

over time. Regression equations and associated 2 r 's 

are given by: 

Depletion Y = 33. 82 + 1. 14X , r 2 = 0.04 

Petersen 1 Y = -122.54 + 43.18X r 2 = 0.85 
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Figure II-8. Population estimates of dace at station 4, located on 

Warrior Creek, from March through October 1977. Upper 

figure represents actual field estimates. Lower figure 

represents linear regressions of population estimates 

over time. Regression equations and associated 2 r 's 

are given by: 

Depletion Y = 42.01 + 0.19X , 2 r = 0.01 

Petersen 1 Y = -11.36 + 22.07X r 2 = 0.65 
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Figure II-9. Population estimates of chubs at station 5, located on 

Warrior Creek, from March through October 1977. Upper 

figure represents actual field estimates. Lower figure 

represents linear regressions of population estimates 

over time. Regression equations and associated 2 r 's 

are given by: 

Depletion y 79.04 4.93X 2 0.68 = r = 
Petersen 1 y 97.18 O.llX 2 0.01 = r = 
Petersen 2 y 66.62 + 2.03X 2 0. 71 = r = 
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Figure II-10. Population estimates of dace at station 5, located on 

Warrior Creek, from March through October 1977. Upper 

figure represents actual field estimates. Lower figure 

represents linear regressions of population estimates 

over time. Regression equations and associated 2 r 's 

are given by: 

Depletion y 59.39 4. 72X 2 0.44 = r = 
Petersen 1 y 66.11 0.32X 2 0.01 = r = 
Petersen 2 y 32.38 + 2. 77X 2 0.23 = r = 
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Figure II-11. Population estimates of chubs at station 6, located on 

Warrior Creek, from March through October 1977. Upper 

figure represents actual field estimates. Lower figure 

represents linear regressions of population estimates 

over time. Regression equation and associated 

the depletion method is given by: 

Y = 40.16 - 0.02X , 2 r = 0.01 

2 r fur 
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Figure II-12. Population estimates of dace at station 6, located on 

Warrior Creek, from March through October 1977. Upper 

figure represents actual field estimates. Lower figure 

represents linear regressions of population estimates 

over time. Regression equation and associated 

the depletion method is given by: 

Y = 3-.10 - O.OlX , 2 
r = 0.01 

2 r for 
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Table II-1. Composite average monthly population estimates of chubs and 
dace combined over stations on Warrior Creek, McDowell 
County, West Virginia, 1977. 

Month 
MAR APR MAY JUN JUL AUG SEP OCT 

Depletion 1 27 34 36 40 33 26 22 22 

Petersen 11 60 72 100 105 127 139 1482 

Petersen 23 52 69 62 61 57 75 

1N = 8. 
2 Two values for single census were undefined in October. Therefore, 

only six values were used to compute the mean. 
3N = 4. 
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Table II-2. Population estimates of chubs and dace at Station 1 on 
Warrior Creek, McDowell County, West Virginia, 1977. 

Month 
MAR APR MAY JUN JUL AUG SEP OCT 

Chubs 

Depletion 31 38 39 30 38 26 29 26 

Petersen 1 70 101 96 112 128 165 158 

Dace 

Depletion 8 11 23 19 12 9 8 5 

Petersen 1 28 52 61 48 117 78 00 
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Table II-3. Population estimates of chubs and dace at Station 2 on 
Warrior Creek, McDowell County, West Virginia, 1977. 

Month 
MAR APR MAY J1JN JUL AUG SEP OCT 

Chubs 

Depletion 16 21 32 38 36 19 14 9 

Petersen 1 55 80 126 126 154 280 00 

Petersen 2 60 101 71 86 78 104 

Dace 

Depletion 7 14 11 7 6 6 5 6 

Petersen 1 36 50 33 55 28 22 55 

Petersen 2 21 36 45 23 24 30 
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Table II-4. Population estimates of chubs and dace at Station 3 on 
Warrior Creek, McDowell County, West Virginia, 1977. 

Month 
MAR APR MAY JUN JUL AUG SEP OCT 

Chubs 

Depletion 20 28 24 25 22 

Dace 

Depletion 13 17 21 19 14 
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Table II-5. Population estimates of chubs and dace at Station 4 on 
Warrior Creek, McDowell County, West Virginia, 1977. 

Month 
MAR APR MAY JUN JUL AUG SEP OCT 

Chubs 

Depletion 20 32 48 68 45 45 38 34 

Petersen 1 43 85 129 204 281 198 319 

Dace 

Depletion 48 19 37 77 58 37 32 48 

Petersen 1 75 61 189 126 146 207 198 
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Table II-6. Population estimates of chubs and dace at Station 5 on 
Warrior Creek, McDowell County, West Virginia, 1977. 

Month 
MAR APR MAY JUN JUL AUG SEP OCT 

Chubs 

Depletion 52 67 69 43 42 40 34 29 

Petersen 1 98 85 103 105 92 104 88 

Petersen 2 76 81 83 81 82 89 

Dace 

Depletion 29 68 24 35 26 19 16 13 

Petersen 1 69 61 64 61 69 54 69 

Petersen 2 49 55 46 51 44 74 
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Table II-7. Population estimates of chubs and dace at Station 6 on 
Warrior Creek, McDowell County, West Virginia, 1977. 

Month 
MAR APR MAY J1JN JUL AUG SEP OCT 

Chubs 

Depletion 35 47 44 33 41 

Dace 

Depletion 24 38 32 29 27 
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EFFECTS OF REPETITIVE ELECTROSHOCKING ON FISH POPULATIONS 

IN EXPERIMENTAL RACEWAYS AND A SMALL HEADWATER 

STREAM IN SOUTHERN WEST VIRGINIA 

by 

Gary E. Saul 

(ABSTRACT) 

Fisheries scientists have utilized electrofishing extensively to 

sample and assess aquatic populations. The physiological responses of 

fish exposed to electroshock ranges from sensory recognition, through 

electrotaxis and electronarcosis, to death. This study examined the 

effects of repetitive electroshocking over time on population survival, 

and the effects of mortality on the estimation of population size using 

single census, multiple census and depletion techniques. 

Highly significant differences (P < 0.01) were seen between the 

number of shocks a population of fathead minows (Pimephales promelas) 

received per day and the survival of those fish. Populations receiving 

the two control treatments and a single 4 s electroshock per day exhib-

ited very low mortality (0.40 to 0.67 mean percent mortality per day), 

whereas mean percent mortality for fish shocked two and three times per 

day was 2.67 and 7.47, respectively. Handling was not found to signif-

icantly increase mortality in fish already subjected to electroshocking. 

Known population levels of fathead minnows and dace (Rhinichthys 

atratulus) were electroshocked daily for 10 days in raceways with sand, 



gravel, cobble and boulder/bedrock substrates. Actual combined popula-

tion levels declined 17.2 percent over the study period. Average daily 

depletion estimates closely reflected this change; however, single cen-

sus techniques indicated population increases to 48.3. Small and large 

proportion marked sample single census techniques as one group were 

significantly different (P < 0.05) from depletion estimates and actual 

population levels as two groups. 

In general, the depletion estimates for both species most closely 

followed actual population levels in all raceways as compared to single 

census estimators. Substrates had a significant influence on the esti-

mated population levels. Virtually all fish were available for capture 

over sand and gravel substrates, whereas, sampling over cobble and 

boulder/bedrock substrates yielded an average of 43 and 46 percent, 

respectively of the actual population in those raceways. Rocky sub-

strates provided refuge for fish which resulted in lower percentages 

entering the catch as compared to sand and gravel substrates. 

An "expected mortality" was derived from the average percentage 

catch per sampling run in raceways and the mortality associated with a 

comparable number of electroshocks in laboratory tests to predict 

electroshock mortality over sampling periods and substrate types. A 

"predicted mortality" derived through the linear regression of deple-

tion estimates over time yielded results very similar to the observed 

and expected mortality for fathead minnows and was more representative 

of the change in population size for dace over all substrates than the 

expected mortality. 



The composite analysis of field data showed a 146.7 percent in-

crease in one sample single census estimates, a 44.0 percent increase in 

two sample single census estimates, and a 55.0 percent decrease in de-

pletion estimates in the final samples as compared to initial samples. 

Expected mortality estimates were consistently less than predicted mor-

tality when adjusted for the period before intermittent streamflow. 

This work has demonstrated that repetitive exposure to electro-

shocking induces mortality in a predictable manner on fish populations. 

Depletion estimates are usually accomplished with a much reduced ex-

penditure of time and effort over mark-recapture methods, however, mor-

tality can be expected due to repetitive electroshocking alone. Re-

searchers are cautioned to examine the objectives of a particular study 

before deciding on a particular estimation technique. 
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