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Abstract: We described and compared population dynamics of introduced flathead catfish (Pylodictis olivaris) between the Satilla River, Georgia, and
the Little Pee Dee River, South Carolina. Both of these Atlantic coastal plain rivers are blackwater, low productivity systems that historically supported
popular redbreast sunfish (Lepomis auritus) fisheries. Flathead catfish have been established in the Little Pee Dee River since the late 1970s or early
1980s, whereas the species was introduced into the Satilla River in the mid 1990s. Both populations are managed differently by their respective state
fisheries agencies with an intensive annual flathead catfish removal program on the Satilla River beginning in 1996 and a more recent, less intensive
removal program on the Little Pee Dee River that began in 2011. Results from this study indicate the Satilla River flathead catfish population was char-
acterized as having high relative abundance, high mortality, fast growth rates, and a truncated size and age structure containing mostly younger fish
with a maximum age of 12. The Little Pee Dee River population of flathead catfish was also characterized as having a high relative abundance but with
slow growth rates and a more balanced size and age structure, containing fish up to age 26. This study expands our population dynamics knowledge of

introduced flathead catfish populations along the Atlantic coastal plain and provides a few examples of how agencies in the southeastern United States

have met the challenge of managing an introduced apex predator.
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The flathead catfish (Pylodictis olivaris) is a large apex predator
found in lotic environments and is native to Gulf Coast drainages
from the Mobile to the Rio Grande basins (Jackson 1999). Anglers
within the native range of flathead catfish consider them to be
a desirable game fish due to their large maximum size attained,
strong fighting ability and excellent table fare (Layher and Boles
1980, Weller and Geihsler 1999). As a result, flathead catfish have
been widely introduced by anglers and state resource agencies
throughout the southeastern United States (Weller and Geihsler
1999). In South Carolina, flathead catfish are non-native and were
first stocked into the Santee-Cooper Lake system in 1964 (Stevens
1964). Flathead catfish subsequently spread to other lotic systems
in South Carolina over the next several decades and are believed to
have been present in the Little Pee Dee River since the late 1970s
or early 1980s (Bulak et al. 1998). In Georgia, flathead catfish are
native to the Mobile and Tennessee drainages of the northwestern
corner of the state (Boschung and Mayden 2004). The first intro-
duction of this species in Georgia was in the Flint River in the early
1950s (Quinn 1988), followed by the Ocmulgee River in the early
1970s (Evans 1991, Probst 1991), and in the downstream Altamaha
River by the late 1980s (Thomas 1995). One of the latest introduc-
tions was in the Satilla River in the mid-1990s (Sakaris et al. 2006,
Bonvechio et al. 2009) where year classes have been traced back to
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1994 (Bonvechio et al. 2011). As a result, the Satilla River flathead
catfish population was assumed to be about 20 years old in 2014.

Despite the popularity of flathead catfish among anglers, there
have commonly been public and state agency concerns about the
potential detrimental effects that these fish have on native river-
ine fish species (Thomas 1995, Cailteux et al. 2003, Cailteux and
Dobbins 2005, Pine et al. 2005). Documented impacts have oc-
curred on native species such as brown bullhead (Ameirus nebu-
losus; Thomas 1995), redbreast sunfish (Lepomis auritus; Thomas
1995, Sakaris et al. 2006, Bonvechio et al. 2009), largemouth bass
(Micropterus salmoides; Bonvechio et al. 2009) and spotted bull-
head (A. serracanthus; Cailteux and Dobbins 2005). Additionally,
this species has been found to prey on juvenile sturgeons, leading
to concerns regarding their impacts on anadromous fish restora-
tion programs (Ashley and Buft 1987, Brown et al. 2005, Pine et al.
2005, Flowers et al. 2011).

Historically, the Satilla River has been known as one of the pre-
mier sunfish fisheries in Georgia, with redbreast sunfish being the
preferred species (Georgia Department of Natural Resources, un-
published data). Sammons and Maceina (2009) found that the fast-
est growth rates for redbreast sunfish in 12 Georgia rivers occurred
in the Satilla River, reaching 203 mm total length (TL) in only 3.6
yrs. The Little Pee Dee River, South Carolina, has a similar reputa-
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tion as a popular redbreast sunfish fishery (Crochet and Sample
1993). Angler surveys in the early 1990s revealed that sunfish were
the most caught and harvested species in terms of numbers and
total weight. Similar to what Thomas (1995) described on the Al-
tamaha River, Georgia, predation by introduced flathead catfish
is believed to have caused dramatic declines in the abundances of
native fishes in the Satilla River by the early 2000s (Bonvechio et
al. 2009). Following flathead catfish establishment, declines in the
redbreast sunfish population were also noted in the Little Pee Dee
River (Crochet and Sample 1993).

When flathead catfish become established in new waters and
subsequent declines in abundance of native fish populations are
observed, state agencies have few management options to deal with
the introduced apex predator. The Georgia Department of Natural
Resources (GADNR) has conducted flathead catfish removal using
boat electrofishing on the Satilla River beginning in 1996; this ef-
fort has been intensified since 2006, with a full-time biologist and
a seasonal removal crew dedicated solely to the removal program
(Bonvechio et al. 2011). Direct removal of an exotic species can be
unpopular with segments of the public (Weller and Geihsler 1999)
and may also be ineffective (Moser and Roberts 1999, Grabowski
et al. 2004). However, the GADNR flathead catfish removal pro-
gram successfully increased the total annual mortality of the Sa-
tilla River population, resulting in truncated size and younger
age structure in the flathead population (Bonvechio et al. 2011).
In recent years, declines in the redbreast sunfish populations
across SouthCarolina, possibly due to flathead catfish, resulted in
the South Carolina Department of Natural Resources (SCDNR)
receiving political and public pressure to increase redbreast sun-
fish populations (R. Self, SCDNR, personal communication). As
a result, SCDNR has stocked approximately 2.77 million redbreast
sunfish into Little Pee Dee River from 2010-2014, approximately
14,350 sunfish per river km. Some targeted removal activities of
flathead catfish have also occurred on the Little Pee Dee River by
SCDNR from 2011-2014 but not to the scale of removal efforts
on the Satilla River by GADNR. Thus, the objectives of this study
were to describe the population dynamics of introduced flathead
catfish occurring in two similar Atlantic coastal plain blackwater
rivers that have contrasting invasion histories and management
strategies.

Study Areas

The Little Pee Dee River begins near Laurinburg, North Caro-
lina, and flows 187 km joining the Great Pee Dee River near Yau-
hannah, South Carolina (Crochet and Sample 1993). The Satilla
River begins in southeastern Georgia, near the town of Fitzgerald
and flows 362 km to the Atlantic Ocean at St. Andrews Sound. Both
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watersheds are heavily forested, containing bald cypress (Taxodi-
um distichum) swamps, sweetgums (Liquidambar styraciflua) oaks
(Quercus), and tupelos (Nyssa spp.) and other lowland tree spe-
cies, resulting in tannic, blackwater streams (Sandow et al. 1974
Marshall et al. 2005). Both rivers have acidic pH, ranging between
4.5 t0 6.0 in the Satilla River (Sandow et al. 1974), and between 5.5
and 6.8 in the Little Pee Dee River (U.S. Geological Survey gage
02135000). Both rivers have primarily sand substrates and woody
debris cover. The Satilla River has a mean annual discharge of 2170
cfs (1931-2014) (U.S. Geological Survey gage 0222800), while the
Little Pee Dee River has a discharge of 2918 cfs (1942-2015) (U.S.
Geological Survey gage 02135000).

Methods

On the Satilla River, flathead catfish removal was conducted us-
ing low-amperage pulsed DC electrofishing range (200-1000 volts
at 18 pulses sec™ and >1 A of output) during daylight hours in a
downstream direction from either a 3.7- or 5.1-m aluminum john-
boat equipped with either a Smith-Root model 12B backpack elec-
trofisher or model LR-24 backpack electrofisher (Thomas 1995).
Both of these boxes had special after-market modifications per-
formed on them by Smith-Root in an effort to maximize efficiency
in low conductivity systems. This gear was also used to collect fat-
head catfish in the Little Pee Dee River, along with a Smith-Root
boat mounted GPP-5.0 electrofisher with pulsed DC, operated
(50-250 volts), at 15 pulses sec™ and 1-2 A output. A chase boat
was always used to increase sampling efficiency (Cunningham
2004, Daugherty and Sutton 2005) used during age and growth
collections but only on the Little Pee Dee River. Sampling occurred
on both rivers in the summer between 7 May and 7 October when
water temperatures exceeded 21 C and rivers were within their
banks. Although transects were not standardized by time, sam-
pling time was recorded for each transect and used to calculate
relative abundance (fish h1).

In 2014, flathead catfish were collected for this study from
both rivers using similar methods as those described above. All
flathead catfish collected were brought back to the lab and mea-
sured for total length (TL mm) and weight (kg). Fish were grouped
into length categories defined by Neumann et al. (2012) [substock
<356 mm TL), stock (356-509 mm TL), quality (510-709 mm
TL), preferred (710-859 mm TL), memorable (860-1010 mm TL),
and trophy (>1020 mm TL)]. Due to the large number of fish in
our samples, we used a chi-square test to test for differences in the
size distribution between rivers (Neumann and Allen 2007). Fish
condition was also calculated using relative weight (W ). Length-
specific standard weights (W) for flathead catfish > 140 mm TL
were derived from the standard weight equation given in Neu-



mann et al. (2012) and averaged for each length category. We used
an analysis of variance (ANOVA) to compare the mean relative
weight between rivers and among these size groups. We included a
river-size group interaction term and, when appropriate, used the
LSMEANS procedure to separate out means.

Otoliths (lapilli; Long and Stewart 2010) were removed from 5
fish per 20-mm group <700 mm total length (TL) and all fish >700
mm TL. Two independent readers estimated ages following meth-
ods described by Bonvechio et al. (2011). An age-length key was
used from the aged fish extrapolated to the entire sample (Ricker
1975). The instantaneous (Z) and total (A) rates of annual mortal-
ity were estimated for age-2 and older fish using weighted catch-
curves in the Fishery Analysis and Modeling Simulator software
(Slipke and Maceina 2014). Slopes of the catch-curve regressions
were compared between rivers for age-2 to age-12 fish (i.e., ages
that overlapped between rivers) using an Analysis of Covariance
(ANCOVA; SAS Institute 2011). Age, growth, and mortality pa-
rameters for flathead catfish in both rivers were compared to other
populations in Atlantic coastal plain drainages; data were obtained
only from studies that aged fish with otoliths to avoid the docu-
mented biases resulting from use of other structures (Nash and
Irwin 1999, Buckmeier et al. 2002, Maceina and Sammons 2006).
Mean growth of age-2 to age-7 flathead catfish (i.e., ages where
n > 10 fish per age group for both rivers) was compared between
rivers using an ANCOVA (SAS Institute 2011). All statistical tests
were considered significant at P <0.05.

Results

Because of the different sampling and management objectives
of South Carolina DNR and Georgia DNR, total electrofishing ef-
fort, number, and biomass of flathead catfish removed from the
two study rivers has differed considerably over time. For 18 years
(1996-2014), GADNR has been removing flathead catfish from
the Satilla River with 59,517 flathead catfish with an aggregate
weight of 56,533 kg removed as of 2014. From 2011-2014, 2935
flathead catfish totaling 6094 kg were removed from the Little Pee
Dee River (Table 1). Over the same time period, GADNR biolo-
gists removed 27,736 flathead catfish totaling 17,386 kg from the
Satilla River. These removals were accomplished with a total of
122.8 and 673.5 h of electrofishing effort in the Little Pee Dee and
Satilla rivers, respectively (Table 1).

Relative abundance (fish h™') appeared to be relative similar
between rivers in 2014, but mean biomass (kg h™') removed was
markedly higher in the Little Pee Dee River than the Satilla River
(Table 2). There were large differences in the sample size of fish
collected and the size structure of the flathead catfish populations
between the two rivers (Figure 1). In the Little Pee Dee River, a to-
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Table 1. Summary statistics for the flathead catfish removal efforts on the Satilla River, Georgia, and
the Little Pee Dee River, South Carolina, from 2011 to 2014. Electrofishing effort is expressed as h of
pedal time, and number and aggregate weight of flathead catfish removed from each river are given
for each year.

Satilla Little Pee Dee
2011 2012 2013 2014 2011 2012 2013 2014
Effort (h) 1864 1490 1160 2220 23.0 93 355 22.0
Number 3469 2861 4725 16,681 95 360 51 1969
Weight (kg) EyAR| 1623 1668 9884 277 1429 1612 2776

Table 2. Total annual mortality (4), total instantaneous mortality (Z), proportional size distribution
for quality (PSD), preferred (PSD-P), and memorable-sized (PSD-M) fish, mean weight (wt), catch-
per-unit-effort (CPUE) and biomass-per-unit-effort (BPUE) of flathead catfish sampled from the
Satilla River, Georgia, and the Little Pee Dee River, South Carolina, in 2014. Standard errors are in
parentheses.

Meanwt  C(PUE BPUE

A z PSD  PSD-P  PSD-M (kg)  (fishh™) (kgh™)

Satilla 062 0582 4 7 2 0.59 75.1 44.5
(6.7) (4.5)

Little PeeDee 031 0362 47 n 3 1.55 89.3 126.0
(10.4) (18.9)

tal of 1969 flathead catfish were collected; fish ranged in size from
60 to 1140 mm TL and had a mean total length of 407 mm TL.
In the Satilla River, 16,681 flatheads were collected in 2014 and
they ranged in size from 60 to 1202 mm TL with a mean total
length of 307 mm TL. The majority (57%) of the Little Pee Dee
River population was >355 mm TL compared to only 25% of the
Satilla River population (Figure 1). In addition, 27% and 10% of
the flathead catfish population was >510 mm TL in the Little Pee
Dee and Satilla rivers, respectively. Accordingly, the mean size of
flathead catfish removed was 2.6 times larger in the Little Pee Dee
River than in the Satilla River (Table 2). All size structure indices
of flathead catfish were higher in the Little Pee Dee River than in
the Satilla River (Table 2). Results of the chi square test revealed
significant differences in the length-frequency distributions in
all six size groups (x*=998.2, P <0.0001). The interaction term
was significant (F=8.25, df=5, 18,328, P <0.001), so individual
comparisons were made using the LSMEANS procedure. Mean
W_of substock and stock size fish was significantly higher in the
Little Pee Dee River than the Satilla River (LSMEANS, ¢ =4.424
to 8.206, P <0.001; Figure 2). Mean W _was similar between rivers
for quality, preferred and trophy size fish (LSMEANS, ¢ =0.090 to
1.568, P=0.117 to 0.928). However, mean W _of memorable size
fish was greater in the Satilla River than in the Little Pee Dee River
(LSMEANS, t, =2.513, P=0.012).



12 4

10 4

DO Little Pee Dee

Percent Frequency

12 4

10

D Satilla

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76 80 84 88 92 96 10
Total Length (mm)

Figure 1. Length-frequency distributions (2-cm length groups, shaded bars) of flathead catfish
collected in the Little Pee Dee River (n=1969), South Carolina, and the Satilla River, Georgia
(n =16,681) for 2014.
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Figure 2. Graph representing the mean relative weight (1) of flathead catfish in six size categories
listed by Neumann et al. (2012) from two Atlantic coastal plain rivers. Asterisk denotes differences
between mean Wr between rivers within each size category. Error bars on each size group for each
river indicate SE. Note: abbreviations of the six size categories (SS = substock, S = stock, Q = quality,
P= preferred, M= memorable, and T=trophy).
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Figure 3. Age-frequency distributions of flathead catfish collected in the Little Pee Dee River, South
(arolina (n=277), and the Satilla River, Georgia (n = 279) during 2014. Notice the varying scales on
the Y-axes.

In both the Little Pee Dee and the Satilla Rivers, age was esti-
mated for 556 flatheads and between-reader agreement was 91%,
but all aging discrepancies were subsequently resolved by concert
reads. The age composition of flathead catfish was noticeably older
in the Little Pee Dee River compared to the Satilla River (Figure 3).
Age-1 and age-2 fish composed 49% of the sample in the Little Pee
Dee River but 94% in the Satilla River. Maximum age in the Little
Pee Dee River was 26 years, whereas the oldest fish collected in
the Satilla River was only 12 years old. Of the fish aged, there was
considerable variation in length at age but noticeably more scatter
was observed among the Little Pee Dee River samples likely due to
more old fish. As a result, catch-curve analysis found that Z was
0.375 in the Little Pee Dee River (*=0.88, P=0.01) and 0.981 in
the Satilla River (2=0.95, P=0.01), conferring an A of 0.31 and
0.63 in the Little Pee Dee and Satilla rivers, respectively. The AN-
COVA revealed that annual mortality of flathead catfish from age
2 to age 12 was higher in the Satilla River (F=58.48, df=3, 17, P
<0.0001).

The von Bertalanfty equation for the Little Pee Dee River flat-
head catfish was solved as TL=1140 (1 -e0%8lee-217l) and esti-
mated that fish reached preferred size (710 mm TL) in 9 yrs and
trophy size (1020 mm TL) in 23 yrs (Figure 4). For the Satilla River,
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Figure 4. Von Bertalanffy growth curves obtained from predicted mean total length (TL)-at age
estimates for the Little Pee Dee River and Satilla River and observed mean TL estimates for the Little
Pee Dee River and Satilla River. Populations were compared to other introduced coastal plain popula-
tions that were classified as either fast, medium, or slow growing populations from the Ocmulgee
River, Georgia (Nash 1999, Sakaris et al. 2006), Altamaha River, Georgia (Kaeser et al. 2011), and the
Northeast Cape Fear, Neuse, and Lumber rivers of North Carolina (Kwak et al. 2006).

growth was solved as TL=1202 (1-e1%kee-1061) "and it was esti-
mated that fish reached preferred size (710 mm TL) in 4.5 yrs and
trophy size (1020 mm TL) in only 10 yrs. Accordingly, the AN-
COVA revealed that growth of age-2 to age-7 flathead catfish was
higher in the Satilla River (F=55.34, df=3, 8, P <0.0001).

Discussion

As in other studies of flathead catfish (Kwak et al. 2006), we
observed a large range in sizes at each age in our age-length key
among the two rivers sampled. For example, the total length of
age-7 fish ranged from 420 to 900 mm TL on the Little Pee Dee
River while the Satilla River fish ranged from 660 to 1020 mm TL.
Large variation in lengths at age could be due to differential growth
or mortality rates among the same year-class. Sample sizes were
not believed to be an issue, but we note that larger age samples
are recommended by Coggins et al. (2013) in systems that have
recruitment issues. The authors were conscious of the substan-
tial overlap in lengths among ages from previous flathead catfish
studies noted in Alabama, Georgia, Kansas, North Carolina, and
Oklahoma (Layher and Boles 1980, Winkelman 2002, Grabowski
et al. 2004, Kwak et al. 2006, Marshall et al. 2009); as a result, the
study design specifically called for aging a larger proportion of
adult flathead catfish (>700 mm TL), where wide ranges of lengths
within ages could bias the age-length key. Recruitment failure has
been cited as a cause for the overlapping lengths among age class-
es in crappie (Pomoxis spp.; Sammons et al. 2000, Bonvechio et
al. 2014). However, catch curves of flathead catfish in these two
systems appeared to have fairly constant recruitment and good fit
(high r?) with few missing year-classes in the age-composition up
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to age-10 for both populations examined. Accuracy and precision
of growth and mortality parameter estimates are likely influenced
by the life history and the exploitation history of the stock in ques-
tion (Coggins et al. 20013). In the Satilla River, we noted some
length-at-age overlap presumably due to a high level of mortality
that has occurred due in the long-standing removal program.

The fast growth rates observed on the Satilla River were similar
to Sakaris et al. (2006) findings on the Ocmulgee River, Georgia.
Likewise, von Bertalanffy growth parameters were similar between
data collected on the Satilla River in this study (2014) and those
presented by Sakaris et al. (2006) for data collected 10 years earlier
(i.e., Linf: 1202 vs 1229 and K: 0.19 and 0.20). Slower growth rates
have been documented for introduced populations in the Alta-
maha River, Georgia (Kaeser et al. 2011), and the Northeast Cape
Fear River, North Carolina (Kwak et al. 2006). The slow growth
rates on the Little Pee Dee River were very similar to what Kwak et
al. (2006) found on the Neuse and Lumber rivers, North Carolina;
fish reached preferred size in 8-10 years in all three rivers.

As an introduced population expands and reduces its initial
food supply, growth is likely to slow due to intraspecific competi-
tion and other density-dependent factors (Kwak et al. 2006, Green-
lee and Lim 2011). Our findings confirm observations by Sakaris
et al. (2006) that rapid growth in an introduced population can be
sustained for at least 20-25 years. They documented fast growth
rates from systems with the youngest introduced populations at
the time that the samples were collected. Kaeser et al. (2011) re-
ported moderate growth rates in a 22-yr-old flathead catfish popu-
lation. Our study found slow growth rates of flathead catfish in
the Little Pee Dee River, a population that was believed to be ap-
proximately 35 yrs old at the time of sampling (Bulak et al. 1998).
Kwak et al. (2006) found slower growth rates in the North Carolina
populations of the Northeast Cape Fear River and that population
exceeded 35 years at the time of the sample. Guier et al. (1981)
documented fast growth of flathead catfish in this same population
when it was 13 years old.

It is unknown if growth rates on the Satilla will continue to be
rapid, but if so, they may be perpetuated by the increased level of
exploitation due to the ongoing removal. It has been speculated
that a population’s growth rate may vary depending on how close
the population is to carrying capacity and upon which individuals
are removed (Benton et al. 2006, Zipkin et al. 2009). Condition of
substock- and stock-sized (juveniles) flathead catfish was poorer
in the Satilla River than in the Little Pee Dee River, but the op-
posite was true for memorable- and trophy-sized fish. Population
bottlenecks have been found to regulate mortality and growth in
juvenile largemouth bass (Olson 1996, Ludsin and DeVries 1997)
and bluegills (Lepomis macrochirus; Cargenelli and Gross 1996).



The removal appears to be forcing a bottleneck of poorer condition
at smaller sizes on the Satilla or a ontogenetic diet change may be
occurring (Olson 1996), because the majority of the population
is competing for the same food resources, but at this point it is
doesn’t appear to be affecting overall growth patterns. Slaughter
and Jacobson (2008) demonstrated that flathead catfish have an
extremely large gape and are predominantly piscivorous at sizes
(>500 mm TL). Although an ontogenetic shift may be occurring
at the juvenile stage before they reach 500 mm TL, a diet study was
beyond the scope of this management study.

Longevity is fairly well documented in several studies. The
26-year-old flathead aged in our study from the Little Pee Dee Riv-
er is the oldest documented age in the literature for an introduced
population (Kaeser et al. 2011). Marshall et al. (2009) aged a 34-yr-
old flathead catfish from Lake Wilson, Alabama, which stands as
the oldest reported in a native population. In general, mortality
was high in our study rivers in comparison to what has been found
by other studies on introduced flathead catfish populations. Esti-
mated annual mortality of flathead catfish was highest in the Sa-
tilla River (0.63) and can be attributed to the nearly two-decade
removal effort which has undoubtedly reduced the age structure
to mostly younger individuals (Bonvechio et al. 2011). Estimated
annual mortality of flathead catfish in the Little Pee Dee River was
0.31, similar to what Kaeser et al. (2011) found for the species in
the Altamaha River, Georgia (0.36). Other studies on introduced
flathead populations found lower total annual mortality rates
ranging from 0.16 to 0.20 (Kwak et al. 2006, Sakaris et al. 2006).

Similar to conclusions found on the Satilla River in Bonvechio
et al. (2011), the current study results suggest that flathead catfish
removal in the Satilla River has caused growth over-fishing to oc-
cur. Stocking redbreast sunfish on the Little Pee Dee River has not
been evaluated, but if stocking continues to occur and funding be-
comes available, we recommend evaluating year-class contribution
of stocking through OTC batch marked fish or through genetic
clips. Biologists should be aware of the plasticity range in growth
observed in age-length keys for flathead catfish which could have
rather large management implications, especially when setting
harvest regulations. If harvest increases in a population, popula-
tion dynamic rates may significantly change, rendering a manage-
ment regulation ineffective.

This study expands our knowledge base on introduced flathead
catfish population dynamics along the Atlantic coastal plain and
provides a few examples of how agencies in the Southeast have
managed a very challenging issue in regard to managing an intro-
duced apex predator.
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