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Gear-Specific Population Demographics of Channel Catfish in a
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Abstract.—Various gear types have been used to sample

populations of channel catfish Ictalurus punctatus in lotic

systems. However, these gears produce different population

characteristics (i.e., recruitment, growth, and mortality). We

compared the population demographics of channel catfish in

the Wabash River, Indiana, sampled with baited 25- and 32-

mm-bar mesh hoop nets and three-phase alternating current

(AC) electrofishing. Based on catch per unit effort, the relative

abundance of channel catfish sampled with 32-mm hoop nets

was lower than that of fish sampled with 25-mm hoop nets and

AC electrofishing. Each gear type also resulted in a different

length frequency, mean length increasing progressively in

sampling with 25-mm hoop nets, 32-mm hoop nets, and AC

electrofishing. Similarly, age-frequency distributions differed

among gears. The 25-mm hoop nets biased the age structure

toward younger individuals (mean age ¼ 2.5), whereas both

32-mm hoop nets (mean age ¼ 4.0) and AC electrofishing

(mean age ¼ 5.8) included older fish. Catch-curve analysis

generated different mortality rates for the three gear types, the

mortality rate being highest (50%) in fish sampled with 25-

mm hoop nets. Gear-specific size and age structures led to

differences in von Bertalanffy statistics among the 25-mm

hoop nets and AC electrofishing, while the results for 32-mm

hoop nets were uninterpretable. Because the different gears led

to conflicting parameter estimates, management practices

based on sampling with single gears may be contradictory.

Given the differences in gear selectivity, biologists need to

approach management cautiously until calibration to the true

size and age structure is conducted.

Populations of channel catfish Ictalurus punctatus
provide important recreational and commercial fisher-

ies throughout the United States. Catfish are considered

moderately or highly important to anglers in 32 states

and are managed in 34 states (Michaletz and Dillard

1999), leading to high stocking rates of channel catfish

by both federal and state agencies (Heidinger 1999).

Although harvest of these fisheries has declined since

the early 1980s (Heidinger 2000; FAO 2003), 28 states

still have commercial catfish fisheries (Michaletz and

Dillard 1999). In the Midwestern United States,

commercial catfish fisheries are particularly important.

For example in Illinois, catfish account for 25% of the

fish biomass harvested annually from rivers by

commercial fishers (Maher 2002). Because commercial

exploitation of catfish populations in the Mississippi

River has led to recruitment overfishing (Pitlo 1997;

Slipke et al. 2002), it is essential to monitor these

populations, which requires an understanding of the

ability for sampling gears to assess population

demographics. Numerous studies have documented

that an individual gear type may bias simple popula-

tions metrics such as age structure (Essington et al.

2002), growth (Lucena and O’Brien 2001), size

structure (Sullivan and Gale 1999; Robinson 1999),

and mortality (Beamesderfer and Rieman 1988).

Several gear types are used to assess the demo-

graphics of channel catfish populations. Hoop nets are

commonly used to sample catfish populations in lentic

and lotic environments (Gerhardt and Hubert 1989;

Pugibet and Jackson 1991; Holland and Peters 1992;

Stopha 1994; Robinson 1999; Sullivan and Gale 1999;

Vokoun and Rabeni 1999; Jackson 2004). However,

these gears vary in size selectivity and catch rates.

Different mesh sizes produce different length-frequen-

cy distributions (Holland and Peters 1992), which may

result in incorrect estimates of population metrics.

Therefore, adequately describing the characteristics of

a population sampled with hoop nets requires using a

large complement of mesh sizes, which is often

impractical. Alternating current (AC) and direct current

(DC) electrofishing also have been used to sample

catfish (Jacobs and Swink 1982; Santucci et al. 1999;

Vokoun and Rabeni 1999). These gears have been

shown to produce conflicting measures of efficiency

(Heidinger et al. 1983) and size selectivity (Reynolds

1996; Santucci et al. 1999). Therefore, one must take

care when using such methods to determine the size

and age structure of the population. Because of the bias

in any one particular gear type, a multi-gear approach

for assessing populations may be beneficial.

We determined the size and age selectivity of two
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different hoop net mesh sizes and AC electrofishing on

channel catfish populations in a large Midwestern river.

This approach forms the basis for developing a

standardized sampling protocol for managing channel

catfish in lotic systems.

Methods

We sampled catfish in the Wabash River, Indiana,

from river kilometer (rkm) 550 through rkm 9.6

(measuring from its confluence with the Ohio River)

during fall (September through November) from 2001

through 2004. Nineteen 1.6-km sites were sampled with

baited 25- and 32-mm-bar mesh hoop nets and three-

phase AC electrofishing (Honda 4,000-W, 220-V

generator). We used AC electrofishing because it is

more efficient than DC (Heidinger et al. 1983). Hoop

nets were 1 m in diameter, 3 m long, and double-

throated with six fiberglass hoops. A 457-mm polyvinyl

chloride tube drilled with 12.5-mm-diameter holes was

filled with 2 kg of rancid cheese and attached with a clip

to the innermost hoop. Baiting increases catch during

nonspawning periods (Gerhardt and Hubert 1989). All

hoop nets were set in the afternoon (1300–1500 hours)

and retrieved the next morning (0800–1000 hours);

therefore, we calculated catch per unit effort (CPUE) as

number of fish per net-night. Nets were deployed

parallel to the flow with an anchor attached to the most

upstream portion of the net. Five 25-mm hoop nets and

five 32-mm hoop nets were set randomly at each site

during each sampling trip (N¼ 10 per site).

Shoreline electrofishing was conducted twice each

fall (at intervals of at least 2 weeks) at each site in all 4

years except in fall 2002 and 2004, when only 14 and

18 sites, respectively, could be sampled owing to low

water. Electrofishing commenced on one bank and

continued downstream until 1.6 km had been covered;

this process was then repeated on the opposite bank. To

standardize effort, we kept voltage and amperage

constant with the same wattage generator. Care was

given to maintain a constant speed of 1.6 km/h so that

the entire site was sampled in approximately 1 h. For

electrofishing, the CPUE was determined as the

number of channel catfish sampled per hour.

All channel catfish were identified and measured to

the nearest millimeter total length. The proportional

stock density (PSD; [number of fish � quality length/

number of fish � stock length] 3 100) and relative

stock density (RSD-P; [number of fish � preferred

length/number of fish � stock length] 3 100) indices

were calculated by using the length-classes (sub–stock

length, ,280 mm; stock length, 280 mm; quality

length, 410 mm; and preferred length, 610 mm) given

by Gabelhouse (1984). The 95% confidence intervals

(CIs) for PSD values were calculated from the method

described by Gustafson (1988) to estimate statistical

precision of the index.

For analysis of age structure, the left spine was

disarticulated from each catfish and a 700-lm-thick

section of the articulating process was removed with a

Beuhler low-speed Isomet saw. Spines were analyzed

under a dissecting microscope (10–453) using reflected

light and aged independently by two readers. Any

disagreements between readers were resolved by

consensus. If consensus could not be reached, then

the fish was removed from the sample. Instantaneous

mortality (Z) was estimated from the slope of the catch

curve, which was converted to annual percent mortality

(APM¼ [1� e�Z] 3 100; Ricker 1975). To dampen the

effects of variable year-class strength, we combined

data across the 4 years (Ricker 1975). For each gear

type, we removed the age-classes that contained fewer

than five individuals to reduce the variation caused by

ages and sizes less susceptible to that gear (Van Den

Avyle and Hayward 1999). For all gears, growth was

assessed with a von Bertalanffy model, using length at

capture to estimate length at age. The von Bertalanffy

model assumes the form L
t
¼L

‘
(1� e�K½t�t0 �, where L

‘

is the theoretical maximum length, K is the growth

constant, and t
0

is the age at which length is zero.

Mean CPUE between hoop nets was compared by

using a t-test. Catch per unit effort data were

log
10

(x þ 1) transformed to meet the assumptions of

homogeneity of variance and normality (Sokal and

Rohlf 1995). To compare length- and age-frequency

distributions, we used Kolmogorov–Smirnov nonpara-

metric tests (KS). To compensate for experimentwise

error rate, we applied the Bonferroni correction to the

P-values for multiple comparisons (i.e., a ¼ 0.05/3 ¼
0.017; Sokal and Rohlf 1995). To determine whether

stock density indices differed between gears, we used a

chi-square test (Conover 1980). Further, we assessed

age-frequency distributions for skewness and kurtosis

to determine differences from normality. In determin-

ing whether the slopes of the catch curves differed

among gear types, a test for homogeneity of slopes was

conducted (test for interaction in analysis of covariance

[ANCOVA]). To determine whether growth curves

differed among gears, we analyzed the residual sums of

squares of the different curves (Chen et al. 1992).

Unless otherwise stated, the a priori level of signifi-

cance was 0.05.

Results and Discussion
Catch Efficiency

A total of 2,655 channel catfish were sampled during

the 4 years of this study. Of these, 1,335 (50.3%) were

sampled with 143.5 h of electrofishing. Hoop netting

accounted for 49.7% of the catfish sampled, the 25-mm
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hoop nets sampling 1,087 channel catfish during 629

net-nights and the 32-mm hoop nets sampling 219

channel catfish during 624 net-nights (Table 1).

Overall, the mean CPUE of 25-mm hoop nets was

higher than that of the 32-mm hoop nets (t¼ 7.137, df

¼ 246, P , 0.001).

Size Selectivity

Electrofishing sampled larger fish than either the 25-

or 32-mm hoop nets (Figure 1). Length-frequency

distribution of catfish sampled with electrofishing

differed from those determined with the 25-mm (KS

¼ 17.42, P , 0.001) and the 32-mm hoop nets (KS¼
5.64, P , 0.001). Further, the length-frequency

distribution of catfish sampled with the 25-mm hoop

nets differed from that for those sampled with the 32-

mm hoop nets (KS ¼ 7.63, P , 0.001). The 25-mm

hoop nets sampled more small channel catfish and may

have contributed to the higher catch rates relative to the

32-mm hoop nets. However, this gear failed to sample

as many channel catfish larger than 350 mm as the 32-

mm hoop nets did (Figure 1). Similarly, other studies

have shown that hoop net mesh size may influence

length-frequency distributions, such that smaller mesh

nets sample smaller catfish (Holland and Peters 1992;

Vokoun and Rabeni 1999). Alternating current elec-

trofishing sampled the largest channel catfish most

efficiently but may have underestimated the relative

abundance of channel catfish smaller than 300 mm.

These results differ markedly from previous research,

which suggested that small channel catfish were more

susceptible to electrofishing than large catfish (Santuc-

ci et al. 1999).

Corresponding to the differing length-frequency

distributions, the stock density indices differed among

gear types. The PSD and RSD-P values for electro-

fishing exceeded those for 25-mm hoop nets (PSD: v2

¼ 316, P , 0.001; RSD: v2¼ 9.4, P , 0.01; Figure 1).

Similarly, the PSD value for electrofishing was greater

than that of 32-mm hoop net (v2 ¼ 124, P , 0.01;

Figure 1). There was, however, no difference in RSD-P

between these gears (v2 ¼ 0.19, P . 0.017). In

addition, the PSD value for the 32-mm hoop net was

TABLE 1.—Catch per unit effort (CPUE) for channel catfish sampled in the Wabash River during 2001–2004. Values are

fish/net-night for hoop net sampling and fish/hour for electrofishing; N ¼ number of fish.

Year

25-mm hoop nets 32-mm hoop nets AC electrofishing

Net-nights N Mean CPUE (SE) Net-nights N Mean CPUE (SE) Hours N Mean CPUE (SE)

2001 140 256 1.8 (0.6) 140 66 0.5 (0.1) 37.9 247 6.4 (0.7)
2002 120 75 0.6 (0.2) 120 22 0.2 (0.1) 33.1 271 8.2 (1.0)
2003 197 649 3.3 (0.6) 197 105 0.5 (0.1) 36.9 471 12.5 (2.0)
2004 172 107 0.6 (0.2) 167 26 0.2 (0.1) 35.6 346 9.6 (1.5)
Total 629 1087 1.7 (0.3) 624 219 0.3 (0.1) 143.5 1335 9.2 (0.7)

FIGURE 1.—Length-frequency distributions for channel

catfish sampled with (A) 25-mm hoop nets, (B) 32-mm hoop

nets, and (C) AC electrofishing in the Wabash River during

fall 2001–2004. Ninety-five-percent confidence intervals are

given for PSD (the proportional stock density), means for

RSD-P (the relative stock density of preferred-length fish).
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greater than that of the 25-mm hoop net (v2¼ 9.3, P ,

0.01; Figure 1), but there was no difference in RSD-P

between these gears (v2 ¼ 9.3, P . 0.017; Figure 1).

Sub–stock length fish made up 64.6% of the channel

catfish sampled with the 25-mm hoop nets but only

17.9% with 32-mm hoop nets and 12.6% with AC

electrofishing.

Age Selectivity

Differences in the size selectivity of the gears led to

differences in age distributions. Channel catfish fully

recruited at age 2 in the 25-mm hoop nets, at age 3 in

the 32-mm hoop nets, and at age 5 in AC electrofishing

(Figure 2). Fish age 1–4 dominated the 25-mm hoop

net age-frequency distribution leading to a strongly

positively skewed, leptokurtic distribution (skewness¼
2.8 6 0.09 [mean 6 SE], kurtosis ¼ 11.1 6 0.19;

Figure 2). Catfish sampled with the 32-mm hoop nets

displayed a slightly positively skewed, platykurtic

distribution (skewness ¼ 1.2 6 0.19, kurtosis ¼ 1.5

6 0.37; Figure 2). The age-frequency distribution of

catfish sampled with electrofishing showed a weakly

positively skewed platykurtic distribution (skewness ¼
0.5 6 0.1, kurtosis ¼ �0.02 6 0.15). Thus, age-

frequency distributions differed among gears (all

comparisons: KS ¼ 3.44–12.90, P , 0.001). Coincid-

ing with size structure, an individual gear may provide

biased measures of age structure.

Different age distributions caused mortality rate

estimates to differ among gear types (all comparisons,

ANCOVA, P , 0.001). Annual percent mortality

(APM) was lowest for the 32-mm hoop net (r2¼0.97, P
, 0.01, APM¼28%), highest for the 25-mm hoop nets

(r2 ¼ 0.93, P , 0.01, APM ¼ 50%), and intermediate

for the electrofishing sample (r2¼0.96, P , 0.01, APM

¼ 31%). Growth estimated by the von Bertalanffy

models differed between the 25-mm hoop nets and

electrofishing (F¼4.75, df¼3, 22, P , 0.01), such that

the catfish sampled with the former grew more slowly

but reached a larger size (Figure 3). Similarly, Lucena

and O’Brien (2001) noted unusable parameters (i.e., L
‘

and K) of growth based on a single gear. Unfortunately,

we were unable to compare growth derived from the

32-mm hoop net catches because of nonsensical results

for L
‘

(930 mm) and K (0.06).

In summary, 25-mm hoop nets sampled more small,

young channel catfish but few large or old individuals.

This reduced PSD values, strongly skewed age

FIGURE 2.—Age-frequency distributions for channel catfish

sampled with (A) 25-mm hoop nets, (B) 32-mm hoop nets,

and (C) AC electrofishing in the Wabash River during fall

2001–2004.

FIGURE 3.—Graphs of the von Bertalanffy models (P ,

0.01) for channel catfish sampled with electrofishing and 25-

mm hoop nets in the Wabash River during fall 2001–2004; see

text for parameter descriptions.
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structure, increased mortality rates, and reduced growth

in comparison with the other two gears. The 32-mm bar

mesh hoop nets sampled large catfish; however, the

catch rate of all sizes of catfish was low, resulting in

similar mortality estimates generated by electrofishing

and unintepretable growth patterns. Electrofishing

sampled many large channel catfish, but failed to

sample young, small catfish. Electrofishing may have

best estimated adult mortality (age . 5 years), because

the gear produced the largest number of adult age-

classes. Therefore, developing sound sampling designs

for river catfish must take into account the apparent

size- and age-related biases associated with each gear.

Management Implications

Because each of the three gear types led to different

estimates of the population characteristics of channel

catfish, use of a single gear type may result in incorrect

management decisions. However, these issues could be

resolved by obtaining multiple years of data and

knowing the limitations of the gears. Care must be

taken to use multiple gear types that will provide the

best estimates of size and age structure. For example,

we suggest using 25-mm hoop nets for indexing

relative abundance and mortality of young catfish and

using AC electrofishing to determine growth, mortal-

ity, and an index of adult density. This multiple-gear

approach differs from previous research on channel

catfish, which suggested using hoop nets to assess

population demographics (Vokoun and Rabeni 1999).

Using multiple gears will allow managers to make

informed management decisions and gather accurate

and precise measures of population metrics. However,

we caution that the use of AC electrofishing may

provide results that differ from those obtained with DC

electrofishing, and using different complements of

hoop-net mesh sizes may alter results. With the

contradictory estimated population metrics among

gears, we recommend that future researchers ‘‘ground

truth’’ accuracy of each gear by comparisons with

rotenone samples or some other technique that provides

an unbiased estimate of population structure.
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