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Assessment of the Flathead Catfish Population in a Lightly
Exploited Fishery in Lake Wilson, Alabama
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Abstract—Population metrics and the fishery for flathead catfish Pylodictis olivaris were examined in
Lake Wilson, an impoundment of the Tennessee River in Alabama. We described the recreational and
commercial exploitation, angler size selectivity, and population demographics and used modeling to assess
the impact of exploitation and minimum length limits on the abundance of memorable (860-mm) and trophy
(1,020-mm) fish. A total of 1,113 flathead catfish were collected, and 646 of these fish (>300 mm) were
tagged and released to estimate exploitation. The length distribution indicated that there was a high proportion
of larger fish in the population, the relative stock densities of preferred-, memorable-, and trophy-length fish
being 21, 8, and 2%, respectively. Ages were estimated from otoliths (N = 198), and it was found that fish
were slow growing (von Bertalanffy growth coefficient, 0.066) and long-lived (maximum age, 34 years) and
expressed a high annual survival rate (83%) and low instantaneous natural mortality (range, 0.099-0.159).
From a liberal tag loss rate (2.617%/month) and range of angler nonreporting (20-70%), estimates of
exploitation ranged from 5% to 13%. Commercial angling accounted for 26% of the harvest. However,
comparison of the observed and simulated length distributions and the difference between catch-curve
survival and natural mortality strongly suggested that exploitation was about 5%. Anglers preferred to harvest
larger fish, the highest selection being for fish 600—-800 mm long. A reduction in harvest rates would have a
larger impact on the maintenance of memorable- and trophy-length fish in the population than 356-, 508-, or
610-mm minimum length limits. At exploitation rates greater than 12%, very few trophy-size flathead catfish
would remain in the population even if a high minimum length limit (610 mm) were imposed. Currently,
flathead catfish are lightly exploited in this section of the Tennessee River and regulations to maintain the
quality size of the population are not necessary at this time. However, this population is slow growing and
long-lived with low natural mortality and would be sensitive to overfishing. If exploitation should increase
and exceed natural mortality, the abundance of memorable- and trophy-size fish would be greatly reduced.

Greater interest in the population assessment and
management of catfish (Ictaluridae) fisheries in North
America has been expressed (Arterburn et al. 2002).
Until recently, assessments to further understanding of
the population dynamics and management of flathead
catfish Pylodictis olivaris have been rare (Kwak et al.
2006; Sakaris et al. 2006; Makinster and Paukert
2008). In Alabama, about 36% of anglers fish for
catfishes, and 28% of the total freshwater angler effort
in the USA is directed toward these fish (USFWS and
Bureau of the Census 2007). Arterburn et al. (2002)
reported that fishery biologists recognize that flathead
catfish and blue catfish Ictalurus furcatus are important
to anglers as trophy fish and that 75% of catfish anglers
are in favor of developing trophy fisheries. In addition,
65% of catfish anglers would support harvest regula-
tions (Arterburn et al. 2002). Exploitation rates have
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not been estimated for flathead catfish fisheries in
Alabama. Alabama currently does not regulate recre-
ational or commercial fishing for any catfish species
with gear, creel, or length limits. The only exception is
that only one catfish (of any species) over 864 mm may
be harvested per day.

Using otoliths to age catfish (Nash and Irwin 1999;
Buckmeier et al. 2002; Kwak et al. 2006; Maceina and
Sammons 2006) indicated that they live longer, grow
more slowly, and probably have lower natural
mortality rates than previously reported when ages
were estimated from pectoral spines. Thus, these fish
may be more vulnerable to overfishing than previously
thought. In 1990, nearly 100,000 kg of catfish were
harvested in the Wheeler Dam tailwater of Lake
Wilson, Alabama (Janssen and Bain 1996). Blue
catfish and channel catfish 1. punctatus represented
97% and flathead catfish 3% of the total catfish harvest
(Janssen and Bain 1996). From the results of a creel
survey conducted on Lake Wilson in 2006, most
commercial and recreational anglers harvested small
blue and channel catfish, and directed fishing effort to
catch flathead catfish was low (Holley et al. 2009). In
addition, during our sample collections of blue catfish
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and channel catfish (Holley et al. 2009), a high
proportion of memorable-length (860-mm) and larger
flathead catfish was observed. From these observations
and a previous creel survey (Janssen and Bain 1996),
we speculated that flathead catfish exploitation was
low. The objectives of this paper were to describe the
population attributes (including growth and natural and
fishing mortality) of flathead catfish in Lake Wilson.
We also describe the characteristics of the commercial
and recreational fishery. Finally, simulation modeling
was used to explore the impacts of exploitation on the
flathead catfish population.

Methods

Lake Wilson is 6,400-ha main-stem impoundment of
the Tennessee River located in northwestern Alabama.
Flathead catfish are native to this river. They were
collected using a Smith-Root (7.5 GPP) electrofisher
with low pulse frequency (15 pulses/s) and direct
current (100-1,000 V) during daylight. A chase boat
was used to assist in netting surfacing fish. Electro-
fishing surveys were conducted during October 2004
and 2005, May—June 2005, 2006, and 2007, July 2007,
and August 2005 and 2007.

All flathead catfish were placed in a 400-L live well
for processing. Total length (TL) was measured to the
nearest millimeter; fish weighing less than 5.0 kg were
weighed to the nearest gram, those weighing more than
5.0 kg to the nearest 10 g. In fish longer than 300 mm,
Carlin dangler tags were attached with stainless steel
wire posterior to the first dorsal spine and between the
pterygiophores. Each tag had a unique number and
indicated the name, address, and phone number of the
Fisheries Department at Auburn University. Ages were
determined from a subsample of 198 flathead catfish
(93-1,110 mm) by sectioning sagittal otoliths follow-
ing the methods of Buckmeier et al. (2002).

Exploitation and angler size selectivity.—During the
48-month tagging study, the exploitation (p) of tagged
flathead catfish was calculated each month according
to the equation

p :Nh/[(N/)'(l — Py)(1 _PI)L

where N, is the number of tagged fish reported as
harvested, N, is the number of tagged fish at large, P _is
the angler nonreporting rate, and P, is the tag loss rate
(2.617%/month). Although we did not estimate the
angler nonreporting rate, we assumed that it lay between
20% and 70% based on previous studies (Zale and Bain
1994; Maceina et al. 1998). Elsewhere, the loss rate of
Carlin dangler tags was reported to be 15.7% over a 6-
month period for blue catfish (Kevin Sullivan, Missouri
Department of Conservation, personal communication),
and we used this rate to adjust our exploitation estimates
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each month. Thus, the wide range of nonreporting rates
and high tag loss rate probably provided an accurate
range of exploitation rates.

To facilitate angler tag returns, rewards were
randomly assigned values of US$5, $10, $20, and
$50. Although offering rewards for returned tags
increases angler compliance, nonreporting rates should
still be included in exploitation estimates (Zale and
Bain 1994; Maceina et al. 1998; Miranda et al. 2002).
Survey cards and postage-paid envelopes were avail-
able at local businesses; anglers were asked to give
their name and address, the date and location at which
the fish was caught, the gear used, whether the
respondent was a commercial or recreational angler,
and whether the fish was released. Each month, the
number of fish at large was computed by removing the
number harvested and the number of tags lost from the
total number tagged, as fish were being tagged
throughout the study. Exploitation was averaged over
the 48-month period and estimated as an average
annual (12-month) rate. The length-frequency distribu-
tions of harvested and tagged fish were compared by
means of Kolmogorov—Smirnov two-sample tests
(KSa) to determine whether fish were harvested in
proportion to the tagged population.

The effect of fish length on the probability of angler
harvest was analyzed with logistic regression (Miranda
and Dorr 2000). Only tags returned by anglers when
the fish was harvested (October 2004—July 2008) were
used to determine angler size selectivity. Because
flathead catfish grow slowly (this study), length was
not corrected for the time between angler capture and
tagging.

Simulation modeling.—The effects of three potential
length limits (356, 508, and 610 mm) on the flathead
catfish fishery and population were explored using the
Fishery Analysis and Simulation Tools (FAST)
software program (Slipke and Maceina 2006). We
assumed from angler tag returns at Lake Wilson that
the minimum size of flathead catfish harvested was 356
mm. Relative stock density (RSD; the percentage of
stock-length fish that were also quality, preferred,
memorable, or trophy fish) indices were calculated
using the length categories in Anderson and Neumann
(1996) and compared with the RSD values predicted by
the simulation models. The von Bertalanffy (1938)
growth equation was computed from mean length-at-
age data (Table 1). The weight—length relationship was
derived from the flathead catfish sampled (Table 1).
Instantaneous natural mortality rates (M) were estimat-
ed from five published equations that use life history
demographic data (Table 2) and then averaged. Mean
conditional natural mortality was computed as 1 — ¢
using the average value for M. Fishing mortality was
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TaBLE 1.—Life history parameters used to model the
flathead catfish population in Lake Wilson with the yield-per-
recruit model in FAST (Slipke and Maceina 2006).

Parameter Value

Von Bertalanffy growth coefficients®

L, (mm) 1,145

k 0.066

ty —1.341
Maximum age 34
Mean conditional natural mortality 0.113
Exploitation rate (%) 0-20
Log,, weight-length regression coefficients

Intercept —5.732

Slope 3.287
Minimum length limits (mm) 356, 508, and 610
Initial population 1,000

* L, is the theoretical maximum length, k the growth coefficient, and
1, the time at which length would theoretically be zero.

adjusted for the range of potential angler exploitation
rates. Instantaneous annual mortality (Z) and survival
(S = ¢ %) were estimated from a weighted catch-curve
regression (Maceina 1997) in which ages were
assigned to all unaged fish on the basis of a length—
age key (Slipke and Maceina 2006). Annual mortality
(AM) was equal to 1 — S. The catch-curve analysis
included age-5 and older flathead catfish (about 356
mm) that were fully recruited to the fishery. Instanta-
neous fishing mortality (F) was derived by subtracting
the average value of M from Z. Exploitation (j1) was
also estimated as @ = F+ AM/Z.

Population metrics of flathead catfish were incorpo-
rated into FAST. The abundance at memorable length
(>860 mm) and trophy length (>1,020 m) and yield
were modeled over a range of exploitation rates and the
three potential minimum length limits assuming a
constant 1,000 age-0 recruits in each simulation.

Results

A total of 1,113 flathead catfish were collected, of
which 646 fish (>300 mm) were tagged and released.
The length of all of the fish collected ranged from 77 to
1,145 mm, and the RSDs of preferred- (710-mm),

memorable-, and trophy-length fish were high (Figure
1). Anglers returned 39 tags, 34 fish were harvested,
and the average estimated annual exploitation rate
ranged from 5% to 13% after accounting for tag loss
and angler nonreporting rates of 20-70%. Commercial
anglers accounted for 26% of the fish harvested. The
total length of harvested fish ranged from 358 to 994
mm. Anglers harvested larger flathead catfish in
proportion to fish that were tagged (KSa = 2.10; P <
0.001; Figure 1); the mean total lengths of harvested
and tagged fish were 584 and 504 mm, respectively.
The probability of harvest was low (0.01) for flathead
catfish about 300 mm, with peak harvest selectivity
(0.09) at about 700 mm; the relationship was parabolic
(Wald x2 = 12.8, P = 0.0017; concordance = 0.69;
Figure 1). For the 39 tags returned, 38 fishers reported
the gear type used. For commercial anglers (9
responses), 78, 11, and 11% of the fish were caught
by trotline, gill net, and angling, respectively; for
recreational fishers (29 responses), 59, 14, 14, 7, and
7% of the fish were caught by angling, gill net, other
gear, jug, and trotline, respectively.

Flathead catfish growth was slow and the von
Bertalanffy growth equation (Table 1; Figure 2)
predicted that the time required to reach stock (350
mm), quality (510 mm), preferred, memorable, and
trophy lengths would be 4.2, 7.6, 13.3, 19.7, and 32.2
years, respectively. The weighted catch-curve regres-
sion for flathead catfish 5-34 years old estimated
annual mortality at 17% (Z = —0.186, P2 =079, P <
0.01; Figure 2). We suspect that the formation of weak
and strong year-classes caused variation about the
slope of the regression, but a plot of the catch-curve
residuals against age showed a homoscedastic pattern
and the catch-curve regression was linear (Maceina
1997). After age 25, 7 of 9 year-classes were missing,
which may have influenced our estimate of annual
mortality. However, the catch-curve regression com-
puted for fish 5-25 years old provided an estimate of
mortality (Z = —0.189) similar to that for fish 5-34
years old. The five estimates of instantaneous natural

TaBLE 2.—Sources, equations, and estimates of instantaneous natural mortality rates (M) based on the population

demographics of flathead catfish from Lake Wilson.

Source Equation® M
Quinn and Deriso (1999) —log”(Ps)/Maxuge 0.135
Hoenig (1983) 1.46 — 1.01-log (Max,)) 0.122
Jensen (1996) 1.50 k 0.099
Peterson and Wroblewski (1984) 1.92 Max % 0.159
Chen and Watanabe (1989) (1/tr — 1;)log, (€' — ek 10) /(ek* 1 — k™ 10) 0.122

# Ps = the proportion of fish surviving to the maximum age (set at 0.01); Max . = the maximum age;

Max
w

t

= the maximum weight of fish computed from the weight—length regression in Table 1 with

L, . from the von Bertalanffy growth equation; 7. = the final age, which was assumed to be the
maximum age; and 7, = the initial age, which was assumed to be 1 year. See Table 1 for other symbols.
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Ficure 1.—The upper panel shows the length distribution
and relative stock density (RSD) values for all flathead catfish
collected by electrofishing at Lake Wilson (Q = quality, P =
preferred, M = memorable, and T = trophy). Only fish 300
mm and longer (i.e., to the right of the dashed line) were
tagged. The middle panel shows the length distribution of
flathead catfish harvested by anglers and the lower panel
angler size selection for flathead catfish. The equation used to
predict angler selection was P = 1 — exp(0.0233-TL —
0.00002+ TL” — 10.2472).

mortality ranged from 0.099 to 0.159 and averaged
0.127 (Table 2). The difference between Z and M was
0.059, implying that exploitation was about 5.4%.

At our estimated minimum exploitation rate of 5%
(20% nonreporting) for harvested flathead catfish from
356 to 1,000 mm (4.3-29 years old), simulation
modeling predicted relative stock density indices
similar to or slightly lower than our observed values
(Figure 1). With a 3% exploitation rate, the predicted
RSD values for quality, preferred, memorable, and
trophy fish were 49, 18, 6, and 1%, respectively,
compared with observed values of 48, 21, 8, and 2. At
an exploitation rate of 9% (50% nonreporting), the
predicted RSD values were 39, 10, 2, and 0%,
respectively. At this higher exploitation rate, the RSDs
of preferred-size and larger fish were much less in this
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FiGure 2.—The upper panel shows the mean lengths at age
of flathead catfish and the growth predicted by the von
Bertalanffy growth equation (L. _ is the theoretical maximum

inf

length, k the growth coefficient, and ¢, the time at which
length would theoretically be zero). The lower panel shows
the number at age and the weighted catch-curve regression
used to estimate instantaneous annual mortality (Z) and
survival (S). The catch curve was fitted to fish 5-34 years old;
the number-at-age data are for fish 2—4 years old.

simulated population than was observed in our
collections. Thus, based on the observed and predicted
relative stock densities of flathead catfish, estimates of
F from Z and M, and our empirical exploitation
estimates, annual exploitation was probably 5% or
slightly less.

For this flathead catfish population, the differences
in yield among the three minimum length limits were
nil at exploitation rates less than 7% (Figure 3). At our
estimated exploitation rate (3-5%), growth overfishing
was not apparent even with the angler-selected 356-
mm minimum length limit. Greater yield could be
achieved with the two high minimum length limits at
exploitation rates of 10-20% (Figure 3).

Controlling the exploitation rate would have a larger
impact on the maintenance of memorable- and
particularly trophy-length fish in the population than
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FiGure 3.—Predicted yields of flathead catfish over a range
of exploitation rates and minimum length limits of 356, 508,
and 610 mm. The simulations were conducted with an initial
population of 1,000 recruits.

managing the fishery with three minimum length limits
(Figure 4). At an exploitation rate of 5%, 35% more
memorable-length fish would be present in the
population with a 610-mm minimum length limit than
with a 356-mm limit (Figure 4). However, the overall
abundance of memorable-length fish would be reduced
by about one-half for each 5% increase in exploitation
among the range of minimum lengths (Figure 4). Our
model predicted a reduction of about 70% in the
abundance of trophy-length flathead catfish if exploi-
tation were 5%, and the impact of minimum length
limits on fish of this size would be nil. At exploitation
rates greater than 12%, very few trophy-length fish
would remain in the population (Figure 4).

Discussion

We estimated that four fish were 27 or 29 years old,
and we captured one individual in which 34 annuli
were visible. To our knowledge, this presumed 34-
year-old fish is the oldest flathead catfish recorded.
Otolith annuli formation has not been verified for
flathead catfish, but it has for channel catfish
(Buckmeier et al. 2002). In the Coosa and Tallapoosa
rivers of Alabama, Sakaris et al. (2006) collected
flathead catfish as old as 25 and 28 years. Like the
flathead catfish in the Tennessee River that we
collected, those in the Coosa and Tallapoosa rivers
represent native populations, and Sakaris et al. (2006)
and Kwak et al. (2006) have noted that introduced
flathead catfish grow much faster but do not live as
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FiIGURE 4.—Percentages of a cohort of flathead catfish
predicted to reach memorable (860 mm) and trophy size
(1,020 mm) over a range of exploitation rates and minimum
length limits of 356, 508, and 610 mm.

long as populations found within the species’ native
range.

Although there is an extensive commercial and
recreational fishery for blue and channel catfish in Lake
Wilson (Holley et al. 2009), the harvest of flathead
catfish was low. Most recreational and commercial
catfish anglers on Lake Wilson use “dead bait,” and
hook-and-line anglers fish with light tackle that targets
smaller blue and channel catfish (Holley et al. 2009);
flathead catfish, by contrast, prefer to consume live fish
(Jackson 1999). Thus, the effort directed at catching
flathead catfish using live fish as bait was low.
Although we computed a maximum annual exploita-
tion rate of 13%, this estimate is probably inflated
owing to the inclusion of a high tag loss rate estimate
and an upper 70% angler nonreporting rate. Carlin
dangling tag loss rates of 0% for catfish have been
reported (Graham 1999; Travnichek 2004). If we
assumed no tag loss, our estimates of exploitation
would decrease by about 20%. Based on catch-curve
analysis, the difference between total and instantaneous
natural mortality, and calibration of the length
distribution using simulation modeling, the exploitation
in this population was probably 3-5%. Sakaris et al.
(2006) estimated flathead catfish survival as 86% in the
Coosa River, which is similar to our estimate of 83%.
Kwak et al. (2006) reported that annual mortality was
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also low (16-20%) in two North Carolina rivers and
attributed this to low fishing mortality. Makinster and
Paukert (2008) suggested that growth in Kansas was
sufficient and natural mortality low enough to maintain
flathead catfish fisheries at low exploitation rates
(about 10%) in populations in which fish live as long
21 years (based on ages obtained from pectoral spines).
Quinn (1993) reported exploitation rates of 14-25% for
flathead catfish fisheries in Georgia.

The flathead catfish fishery is lightly exploited at
Lake Wilson, so bag and length limits are not necessary
at this time. Commercial anglers did not appear to
target flathead catfish, and the catch of these fish was
incidental to fishing for blue and channel catfish
(Holley et al. 2009). In addition, in this region of
Alabama the number of licensed commercial catfish
anglers has declined nearly 20-fold during the past 30
years and during this study only seven commercial
anglers targeting catfish were identified (Holley et al.
2009). In addition, growth was slow, the fish were
long-lived, and natural mortality was low. If a
moderate increase in exploitation occurs such that the
rate is greater than 10%, this will affect the size
structure of the population and the abundance of
memorable and larger-size fish. Of the tagged catfish
caught, 87% were harvested, so most anglers do not
practice catch and release. Anglers appeared to select
for moderate-size flathead catfish (600-800 mm).
Similarly, Quinn (1993) reported that anglers selected
for larger flathead catfish (600-700 mm) than were
captured with electrofishing. In Lake Wilson, a
minimum length of 610 mm would help maintain a
greater proportion of larger fish in the population, and
this length falls within the angler size selection
preference. However, exploitation appears to be a
more important factor in regulating length distribution
than minimum length limits. If fishing mortality is
greater than natural mortality, this will reduce the
abundance of memorable- and trophy-length fish in the
population.
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