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Abstract
Palmetto bass (Striped Bass Morone saxatilis × White Bass M.

chrysops) have been stocked into reservoirs in the southeastern USA
since the late 1960s and have gained widespread acceptance as a
sport fish. These fisheries are growing in popularity and catch-and-
release (CR) fishing is commonplace; however, there is a dearth of
information on CR mortality of palmetto bass. We experimentally
angled palmetto bass (n = 56; >373-mm TL) in a Tennessee reser-
voir using traditional angling gear in water temperatures ranging
from 13◦C to 32◦C. Ultrasonic transmitters equipped with floats
were externally attached to fish, which were released immediately
and tracked multiple times within 10 d of release. Mortality was
negligible (3.6%) in fall and spring at cool water temperatures
but was high (39.3%) in summer when water temperatures ex-
ceeded 26◦C. The best logistic regression model based on Akaike’s
information criterion for small sample sizes scores relied on water
temperature alone to predict CR mortality of palmetto bass; there
was little support for other models that included all possible com-
binations of the six other predictor variables we tested. Palmetto
bass in our study experienced lower CR mortality than Striped
Bass in other systems, but CR mortality rates for palmetto bass
that approach or exceed 40% during summer are still problematic
if the goal is to maintain fishing quality.

Palmetto bass (Striped Bass Morone saxatilis × White Bass
M. chrysops) have been stocked into reservoirs in the southeast-
ern USA since 1966 and have gained widespread acceptance
as a sport fish. Bishop (1968) reported that palmetto bass grew
faster, survived better, and were easier to catch than Striped
Bass. Until recently, Striped Bass were the predominant mo-
ronid species stocked into Tennessee reservoirs; however, poor
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water quality (warm water temperatures and low dissolved oxy-
gen during summer months) in some reservoirs has prompted
the Tennessee Wildlife Resources Agency (TWRA) to reduce
Striped Bass stockings. Palmetto bass, more tolerant of poor
water quality, now dominate the moronid fishery in reservoirs
such as Cherokee Lake, a tributary reservoir that experiences
Striped Bass die-offs due to a pronounced temperature and dis-
solved oxygen “squeeze” during stratification (Coutant 1985).
It has long been recognized that palmetto bass can be stocked
in a variety of systems unsuitable for Striped Bass (e.g., Axon
and Whitehurst 1985), and that trend is continuing in Tennessee
and elsewhere (Bettoli 2013).

As palmetto bass fisheries expand and become more popular,
the frequency of catch-and-release (CR) fishing is likely to
increase. In the four most popular palmetto bass fisheries in
Tennessee, release rates ranged from 28% to 93% (P. Black,
Tennessee Wildlife Resources Agency, unpublished data). In
order for minimum length regulations or the voluntary efforts of
anglers to succeed in maintaining quality fisheries, most released
fish need to survive. The literature is replete with studies of CR
mortality of many species, including Striped Bass; however, lit-
tle information exists on CR mortality of palmetto bass despite
their growing popularity. Childress (1989) angled Striped Bass
and palmetto bass, placed them in live wells for up to 1 h, and
then transferred them to net-pens where they were held for 72 h.
Striped Bass in that study experienced higher CR mortality in
winter and summer (11% and 69%, respectively) than palmetto
bass (1% and 29%, respectively). Although those fish experi-
enced the same stressors a fish would experience when hooked
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and landed by a recreational angler, holding fish in live wells
and pens could increase stress and bias estimates of CR mortal-
ity (Carmichael et al. 1984; Donaldson et al. 2008). Confining
fish in pens is especially problematic when dealing with pelagic
fishes such as Striped Bass and palmetto bass (Skomal 2007).

Biotelemetry is becoming increasingly popular as a means
to estimate CR mortality. In a review of published literature up
through August 2005, Arlinghaus et al. (2007) found 242 CR
mortality studies dating back to 1957, of which 23% (n = 55)
used biotelemetry. In our study, we estimate for the first time the
CR mortality rates of free-ranging palmetto bass caught using
natural baits and artificial lures.

STUDY SITE
J. Percy Priest Lake (hereafter, JPPL) is located on the Stones

River, a tributary of the Cumberland River in middle Tennessee.
Constructed in 1969, this 7,630-ha eutrophic reservoir is man-
aged for recreation, flood control, and hydroelectric power by
the U.S. Army Corps of Engineers. At full pool, the reservoir
has an average depth of 9 m and an average hydraulic retention
time of 139 d. When the reservoir is thermally stratified between
late spring and late fall, a pronounced temperature and dissolved
oxygen squeeze exists (Coutant 1985). In a typical summer, the
hypolimnion below 6 m is anoxic (USACE 2007).

METHODS
Fish collection and tag implantation.—Angling was con-

ducted over a wide range of water temperatures (13–32◦C) in
2011 and 2012. In order to mimic typical palmetto bass fishing
techniques, professional fishing guides or members of a local
palmetto bass club accompanied us on all sampling trips. Arti-
ficial baits (umbrella rigs with one to five hooks) were trolled at
speeds ranging from 4.0 to 6.4 km/h using downriggers. Natu-
ral baits (Gizzard Shad Dorosoma cepedianum, Threadfin Shad
D. petenense, and Bluegill Lepomis macrochirus) were fished
on the bottom, midwater while drifting, or pulled with planer
boards. Fight time, net time, and handling time were recorded
for each fish caught, as well as surface water temperature, bleed-
ing status (0 = none; 1 = slight; 2 = blood flowing freely), and
fishing method (artificial or natural baits). After a fish was reeled
in (hook up to landing = fight time), the fish was netted and the
hook was removed (landing to hook removal = net time). If
fish were deeply hooked, the line was cut and the hook was left
in place. After the hook was removed or the line was cut, the
fish was placed in a 95-L cooler filled with untreated lake water
where it was measured for TL and the tag was attached (amount
of time in cooler = handling time). Only palmetto bass longer
than 293-mm TL (∼325 g) were tagged to satisfy the “2% rule”
(Winter 1983).

Sonotronics IBT-96-2-E ultrasonic tags (33 × 9 mm, 4.8 g,
battery life of 3 months) were externally attached to angled
fish. A float-and-tag system similar to what Osborne and Bettoli
(1995) used to tag Striped Bass was used in this study. Each

tag was attached to an 80-mm-long piece of Last-A-Foam us-
ing monofilament. Last-A-Foam is rigid polyether polyurethane
foam with fine closed-cell structure that resists compression
when submerged. Chromic gut suture (#3), which was used to
attach a barrel swivel to the tag-and-float assembly, decomposed
in 7–25 d (depending on water temperature) and allowed the tag
to float to the surface where it could be retrieved and reused.
The total assembly weighed 6.5 g in air. Using a 3/8 triangular
circle needle (size 6), Vicryl suture material was passed through
the dorsal musculature anterior to the dorsal fin and a small
loop was tied using a surgeon’s knot; the barrel swivel was then
attached to that loop. Following tag attachment, each fish was
released and a GPS waypoint was taken.

A Sonotronics directional hydrophone (DH-4) and Sonotron-
ics receivers (USR-5W and USR-96) were used to locate teleme-
tered fish and detached tags. Fish were tracked multiple times
during the first 10 d following release. Tracking events occurred
2 out of the first 3 d postrelease to assess short-term mortal-
ity and at least two additional days from 4 to 10 d postrelease
to assess delayed mortality. When tagged fish were located we
recorded tag number and time, and a waypoint was taken. All
waypoint locations were imported as shapefiles in ArcMap 10.0
using DNR Garmin 5.4.1 (MNDNR 2008). A fish had to be
located at least two times before a fate was assigned. A fish was
considered dead if it did not move more than 100 m from its
previous location or was discovered floating on the surface.

Data analysis.—Logistic regression was used to model the
effects of TL, fight time, net time, handling time, surface water
temperature, bleeding status, and fishing method on palmetto
bass CR mortality. We used Akaike’s information criterion for
small sample sizes (AICc) to assess the relative support for lo-
gistic regression models containing all possible combinations of
the seven predictor variables. All analyses were performed using
Statistical Analysis System version 9.1 (SAS Institute 2009).

Tagging effects experiment.—To test for possible tagging
effects, palmetto bass were collected using boat-mounted DC
electrofishing gear (Smith-Root Type VI-A electrofisher) in
April and May 2012 in the Holston River in east Tennessee.
Twenty-nine palmetto bass were captured and transported to
Eagle Bend State Fish Hatchery in Clinton, Tennessee, and
placed in a 0.04-ha hatchery pond. Fish were allowed 3–15 d
to acclimate to the pond’s water temperature before initiating
the experiment. The pond was drained on 30 April 2012, and
14 palmetto bass were randomly selected for tagging using
dummy transmitters after first recording their TL. The dummy
transmitters weighed 6.5 g, and the attachment method was
identical to that used on angled fish. Fifteen fish that served
as controls were measured for TL but were not tagged. The
29 fish (tagged and control) were then placed into an adjacent
hatchery pond. The average water temperature in the hatchery
pond over the 7-d holding period was 25.1◦C, and dissolved
oxygen concentrations measured once every other day averaged
8.4 mg/L. The mean lengths of the 14 tagged fish (501-mm TL;
SE = 30.4) and 15 control fish (505-mm TL; SE = 35.8) were
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808 PETERSEN AND BETTOLI

similar (t = 0.08, df = 26, P = 0.9380). When the hatchery pond
was drained after 7 d, all fish (tagged and control) were alive;
thus, we concluded that our tagging procedure did not confound
our estimate of CR mortality of palmetto bass in JPPL.

RESULTS
We caught, tagged, and released 64 palmetto bass in JPPL.

Eight of the tagged fish were never located following release
and were discarded from further analysis. The remaining 56
fish were tracked for at least 4 d to determine their fate. They
ranged in TL from 379 to 682 mm (mean = 581; SE = 8.9).
Fight time ranged from 40 to 228 s (mean = 104; SE = 6.1); net
time ranged from 0 to 147 s (mean 39; SE = 4.1), and handling
time ranged from 65 to 285 s (mean 118; SE = 5.6).

Only one palmetto bass died immediately upon release. Nine
of the remaining 55 palmetto bass died within 48 h of re-
lease (i.e., short-term mortality = 16.4%), and two others died
after 72 h (delayed mortality = 3.6%). During the summer
months when water temperatures exceeded 26◦C, pooled CR
mortality was 39.3% (i.e., 11 of 28 fish died). During fall and
spring (March, April, May, and October) at cooler temperatures
(≤25◦C), CR mortality was only 3.6% (i.e., 1 of 28 fish died).

Of the 56 palmetto bass whose fate was known, 24 were
caught with artificial lures. Twenty-three of the 24 fish caught
on artificial lures were hooked in the mouth and one fish was
hooked in the gills; that fish subsequently died. Pooled mortality
for palmetto bass caught on artificial lures over all seasons was
21%. Pooled mortality was 22% for the 32 fish caught on natural
baits. Fifty-three percent of the fish caught on natural baits
were hooked in the mouth or jaw, and 47% were hooked in
the esophagus or swallowed the hook. The line was cut on 10
of the 32 fish caught on natural bait, and three of those fish
subsequently died.

The top five models according to AICc scores all included
water temperature as a predictor variable (Table 1), and the best
model contained only the water temperature variable. There
was little support for the four next-best models that included
fight time, bleeding status, method, and net time as predictor
variables. Water temperature was the only significant predictor

TABLE 1. Rankings based on an information theoretic approach of the top
five logistic regression models predicting CR mortality of palmetto bass. See
text for description of fight time, net time; method refers to natural or artificial
baits. Delta AICc represents the change in AIC between a given model and the
top model (i.e., the one with the lowest AIC score); Akaike weight represents
the relative likelihood of each model.

Delta Akaike
Model AICc AICc weight

Water temperature 52.2 0 0.148
Water temperature, fight time 53.6 1.4 0.072
Water temperature, bleeding 53.7 1.5 0.071
Water temperature, method 54.1 1.9 0.058
Water temperature, net time 54.2 2.0 0.054

(χ2 = 7.7, df = 1, P = 0.0055, SE = 0.0964) of hooking
mortality in palmetto bass. The probability of mortality as a
function of water temperature was expressed as

Pmortality

= e−8.3325+0.2675 · temperature/(1 + e−8.3325+0.2675 · temperature).

The 90% profile likelihood confidence interval for the wa-
ter temperature parameter was 0.1276–0.4497. The Hosmer–
Lemeshow goodness-of-fit test indicated that the model pro-
vided a good fit to the data (χ2 = 3.2, df = 6, P = 0.7827). The
probability of CR mortality at water temperatures of 10, 20, and
30◦C was 0.3, 4.8, and 42.4%, respectively.

DISCUSSION
This study provides the first estimate of CR mortality of

free-ranging palmetto bass, and water temperature was the most
important factor influencing mortality. Likewise, CR mortal-
ity of Striped Bass varies directly with water temperature (e.g.,
Harrell 1988; Hysmith et al. 1994). Hooking mortality increases
with water temperature in most other species as well, including
Walleye Sander vitreus (Reeves and Bruesewitz 2007), Large-
mouth Bass Micropterus salmoides (Gustaveson et al. 1991;
Meals and Miranda 1994), and Smallmouth Bass M. dolomieu
(Cooke and Hogle 2000).

Wilde et al. (2000) compiled results from seven Striped Bass
hooking mortality studies in a meta-analysis and used logistic
regression to model the effects of bait type and water tempera-
ture on mortality of 1,275 experimentally angled Striped Bass.
The predicted CR mortality of palmetto bass in JPPL was below
the predicted mortality of Striped Bass caught on either artificial
baits or natural baits, especially at water temperatures between
15◦C and 30◦C (Figure 1). The higher mortality associated
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FIGURE 1. Catch-and-release mortality as a function of water temperature
for Striped Bass caught using artificial baits (SBAB) and natural baits (SBNB),
and palmetto bass angled in JPPL using both natural and artificial baits. The two
Striped Bass models are from a meta-analysis reported by Wilde et al. (2000).
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with natural baits that Wilde et al. (2000) detected for Striped
Bass is also observed for other species (e.g., Walleye [Payer
et al. 1989]; Smallmouth Bass [Weidlein 1987; Clapp and
Clark 1989]; Bluegill [Siewert and Cave 1990]). In the present
study, however, there was little support for a bait effect on CR
mortality of palmetto bass, despite the fact that palmetto bass
caught on natural baits were more likely to have been hooked
in locations other than the jaw or buccal cavity. We cut the
line on 10 palmetto bass that swallowed natural baits and seven
survived. Cutting the line on deeply hooked fish is known to
increase survival rates for other species such as Bluegill (Fobert
et al. 2009), Rainbow Trout Oncorhynchus mykiss (Mason and
Hunt 1967; Schill 1996; Schisler and Bergersen 1996), and
White Seabass Atractoscion nobilis (Aalber et al. 2004).

Although palmetto bass in JPPL experienced lower hook-
ing mortality than Striped Bass in other systems, losing ∼40%
of palmetto bass angled and released during summer months
represents cryptic exploitation and reduces the number of fish
available for anglers to catch. Several approaches are avail-
able to reduce cryptic exploitation during the summer months.
Bettoli and Osborne (1998) suggested implementing a no-cull
regulation for Striped Bass or closing the fishery during summer
months. A no-cull regulation prohibits anglers from catch-and-
release fishing; all fish that are caught must be harvested until
the creel limit (2 fish/d) is reached. Alternatively, Striped Bass in
some Tennessee reservoirs are managed with a small size limit
in the summer months (when most released fish are expected to
succumb to CR mortality) and a high size limit in winter when
most released fish will survive. Some fishing clubs choose to
avoid fishing for palmetto bass on JPPL in summer because of
perceived high CR mortality. Their voluntary efforts to conserve
the palmetto bass fishery suggest that other palmetto bass an-
glers may be receptive to the idea of enacting regulations to
reduce cryptic exploitation.

All palmetto bass angled with artificial baits in our study
were caught on trolled umbrella rigs. Although no statistical
difference in survival was observed between artificial and nat-
ural baits, and handling times were similar between the two
types of baits, additional research is needed to estimate hook-
ing mortality when other types of artificial baits are used (e.g.,
plugs, spoons). Umbrella rigs are heavy and are trolled at faster
speeds than single plugs or spoons and shoreline anglers cast
and retrieve their lures. It is unknown whether palmetto bass
caught from shore or caught while trolling more “traditional”
lures would experience the same hooking mortality rates we ob-
served. It is also unknown whether our estimates of CR morality
are conservative given that our anglers were experienced pal-
metto bass anglers and, presumably, better at handling palmetto
bass than generalist anglers. If more estimates of CR mortal-
ity for palmetto bass become available, a meta-analysis similar
to that of Wilde et al. (2000) can be performed and the more
difficult, but important, task of addressing the population level
impacts of CR mortality on palmetto bass fisheries can be un-
dertaken (Kerns et al. 2012).

ACKNOWLEDGMENTS
Funding and other support for this research was provided

by the Center for the Management, Utilization, and Protec-
tion of Water Resources at Tennessee Technological University;
TWRA; and the U.S. Geological Survey (USGS) Tennessee
Cooperative Fishery Research Unit. The Tennessee Coopera-
tive Fishery Research Unit is jointly sponsored by the USGS,
the U.S. Fish and Wildlife Service, the Tennessee Wildlife Re-
sources Agency, and Tennessee Technological University. This
manuscript benefitted from comments provided on an earlier
draft by Thomas Roberts and David Smith. We thank Mike
Smith, John Hammonds, and members of the J. Percy Priest
Hybrid and Striper Club for their assistance and support in cap-
turing and holding palmetto bass. Reference to trade names does
not imply endorsement by the U.S. Government.

REFERENCES
Aalber, S. A., G. M. Stutzer, and M. A. Drawbridge. 2004. The effects of catch-

and-release angling on the growth and survival of juvenile White Seabass
captured on offset circle and J-type hooks. North American Journal of Fish-
eries Management 24:793–800.

Arlinghaus, R., S. J. Cooke, J. Lyman, D. Policansky, A. Schwab, C. Suski,
S. G. Sutton, and E. B. Thorstad. 2007. Understanding the complexity of
catch-and-release in recreational fishing: an integrative synthesis of global
knowledge from historical, ethical, social, and biological perspectives. Re-
views in Fisheries Science 15:75–167.

Axon, J. R., and D. K. Whitehurst. 1985. Striped Bass management in lakes with
emphasis on management problems. Transactions of the American Fisheries
Society 114:8–11.

Bettoli, P. W. 2013. Challenges and opportunities in studying and managing
Striped Bass and their hybrids in the 21st century. Pages 575–589 in C.
Coutant, J. Bulak, and J. Rice, editors. Biology and management of inland
Striped Bass and hybrid Striped Bass. American Fisheries Society, Sympo-
sium 80, Bethesda, Maryland.

Bettoli, P. W., and R. S. Osborne. 1998. Hooking mortality and behavior of
Striped Bass following catch and release angling. North American Journal of
Fisheries Management 18:609–615.

Bishop, D. C. 1968. Evaluation of the Striped Bass (Roccus saxatilis) and White
Bass (R. chrysops) hybrids after two years. Proceedings of the Annual Confer-
ence Southeastern Association Game and Fish Commission 21(1967):245–
254.

Carmichael, G. J., J. R. Tomasso, B. A. Simco, and K. B. Davis. 1984. Confine-
ment and water quality-induced stress in Largemouth Bass. Transactions of
the American Fisheries Society 113:767–777.

Childress, W. M. 1989. Hooking mortality of Striped Bass, White Bass, and
hybrid Striped Bass. Texas Parks and Wildlife Department, Final Report
F-31-R-15, Austin.

Clapp, D. F., and R. D. Clark Jr. 1989. Hooking mortality of Smallmouth Bass
caught on live minnows and artificial spinners. North American Journal of
Fisheries Management 9:81–85.

Cooke, S. J., and W. J. Hogle. 2000. Effects of retention gear on the injury and
short-term mortality of adult Smallmouth Bass. North American Journal of
Fisheries Management 20:1033–1039.

Coutant, C. C. 1985. Striped Bass, temperature, and dissolved oxygen: a specula-
tive hypothesis for environmental risk. Transactions of the American Fisheries
Society 114:31–61.

Donaldson, M. R., R. Arlinghaus, K. C. Hanson, and S. J. Cooke. 2008. En-
hancing catch-and-release science with biotelemetry. Fish and Fisheries 9:79–
105.

D
ow

nl
oa

de
d 

by
 [

M
at

th
ew

 P
et

er
se

n]
 a

t 0
7:

49
 1

3 
Se

pt
em

be
r 

20
13

 



810 PETERSEN AND BETTOLI

Fobert, E., P. Meining, A. Colotelo, C. O’Connor, and S. J. Cooke. 2009. Cut
the line or remove the hook? An evaluation of sublethal and lethal endpoints
for deeply hooked Bluegill. Fisheries Research 99:38–46.

Gustaveson, A. W., R. S. Wydoski, and G. A. Wedemeyer. 1991. Physiological
response of Largemouth Bass to angling stress. Transactions of the American
Fisheries Society 120:629–636.

Harrell, R. M. 1988. Catch and release mortality of Striped Bass caught
with artificial lures and baits. Proceedings of the Annual Conference
Southeastern Association of Fish and Wildlife Agencies 41(1987):70–
75.

Hysmith, B. T., J. H. Moczygemba, and G. R. Wilde. 1994. Hooking mortal-
ity of Striped Bass in Lake Texoma, Texas–Oklahoma. Proceedings of the
Annual Conference Southeastern Association of Fish and Wildlife Agencies
46(1992):413–420.

Kerns, J. A., M. S. Allen, and J. E. Harris. 2012. Importance of assessing
population-level impact of catch-and-release mortality. Fisheries 37:502–
503.

Mason, J. W., and R. L. Hunt. 1967. Mortality rates of deeply hooked Rainbow
Trout. Progressive Fish-Culturist 29:87–91.

MNDNR (Minnesota Department of Natural Resources). 2008. DNR Garmin,
version 5.4.1. MNDNR, St. Paul.

Meals, K. O., and L. E. Miranda. 1994. Size-related mortality of tournament-
caught Largemouth Bass. North American Journal of Fisheries Management
14:460–463.

Osborne, R., and P. W. Bettoli. 1995. A reusable ultrasonic tag and float as-
sembly for use with large pelagic fish. North America Journal of Fisheries
Management 15:512–514.

Payer, R. D., R. B. Pierce, and D. L. Pereira. 1989. Hooking mortality of
Walleyes caught on live and artificial baits. North American Journal of Fish-
eries Management 9:188–192.

Reeves, K. A., and R. E. Bruesewitz. 2007. Factors influencing the hooking
mortality of Walleyes caught by recreational anglers on Mill Lacs, Minnesota.
North American Journal of Fisheries Management 27:443–452.

SAS Institute. 2009. SAS/STAT user’s guide, version 9.1. SAS Institute, Cary,
North Carolina.

Schill, D. J. 1996. Hooking mortality of bait-caught Rainbow Trout in an Idaho
stream and a hatchery: implications for special-regulation management. North
American Journal of Fisheries Management 16:348–356.

Schisler, G. J., and E. P. Bergersen. 1996. Post-release hooking mortality of
Rainbow Trout caught on scented artificial baits. North American Journal of
Fisheries Management 16:570–578.

Siewert, H. F., and J. B. Cave. 1990. Survival of released Bluegill, Lepomis
macrochirus, caught on artificial flies, worms, and spinner lures. Journal of
Freshwater Ecology 5:407–411.

Skomal, G. B. 2007. Evaluating the physiological and physical consequences of
capture on post-release survivorship in large pelagic fishes. Fisheries Man-
agement and Ecology 14:81–89.

USACE (U.S. Army Corps of Engineers). 2007. Environmental assess-
ment. Proposed master plan update. USACE, Nashville District, Nashville,
Tennessee.

Weidlein, W. D. 1987. Mortality of released sublegal sized Smallmouth Bass,
catch and release implications. Pages 217–228 in R. A. Barnhart and T. D.
Roelofs, editors. Catch and release fishing: a decade of experience. Humboldt
State University, Arcata, California.

Wilde, G. R., M. I. Muoneke, P. W. Bettoli, K. L. Nelson, and B. T. Hysmith.
2000. Bait and temperature effects on Striped Bass hooking mortality in
freshwater. North American Journal of Fisheries Management 20:810–815.

Winter, J. D. 1983. Underwater biotelemetry. Pages 371–395 in L. A. Nielsen
and D. L. Johnson, editors. Fisheries techniques. American Fisheries Society,
Bethesda, Maryland.

D
ow

nl
oa

de
d 

by
 [

M
at

th
ew

 P
et

er
se

n]
 a

t 0
7:

49
 1

3 
Se

pt
em

be
r 

20
13

 


