
This article was downloaded by: [Tennessee Tech University]
On: 09 April 2015, At: 11:54
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

North American Journal of Fisheries Management
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/ujfm20

Hooking Mortality of Saugers in the Tennessee River
Phillip W. Bettoli a , Chris S. Vandergoot a & Paul T. Horner a
a U.S. Geological Survey , Biological Resources Division, Tennessee Cooperative Fishery
Research Unit , Box 5114, Tennessee Technological University, Cookeville, Tennessee, 38505,
USA
Published online: 08 Jan 2011.

To cite this article: Phillip W. Bettoli , Chris S. Vandergoot & Paul T. Horner (2000) Hooking Mortality of
Saugers in the Tennessee River, North American Journal of Fisheries Management, 20:3, 833-837, DOI:
10.1577/1548-8675(2000)020<0833:HMOSIT>2.3.CO;2

To link to this article:  http://dx.doi.org/10.1577/1548-8675(2000)020<0833:HMOSIT>2.3.CO;2

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions

http://www.tandfonline.com/loi/ujfm20
http://www.tandfonline.com/action/showCitFormats?doi=10.1577/1548-8675(2000)020<0833:HMOSIT>2.3.CO;2
http://dx.doi.org/10.1577/1548-8675(2000)020<0833:HMOSIT>2.3.CO;2
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


833

North American Journal of Fisheries Management 20:833–837, 2000
q Copyright by the American Fisheries Society 2000

Hooking Mortality of Saugers in the Tennessee River

PHILLIP W. BETTOLI,* CHRIS S. VANDERGOOT, AND PAUL T. HORNER

U.S. Geological Survey, Biological Resources Division,
Tennessee Cooperative Fishery Research Unit,1

Box 5114, Tennessee Technological University, Cookeville, Tennessee 38505, USA

Abstract.—We assessed hooking mortality of saugers
Stizostedion canadense in two Tennessee reservoirs by
holding fish overnight in a net-pen. We also attached
radio tags equipped with a mortality switch to 19 saugers
to document survival. Rates of gas bladder overinflation
and foul-hooking using common terminal gear were es-
timated. The mortality rate for saugers observed in the
net-pen was only 4% (3 of 74). Seventeen of 19 radio-
tagged saugers were located and 15 were alive 12 d later
(12% mortality). Although we could not detect a statis-
tical relation between mortality and gas bladder over-
inflation, depth of capture was weakly related to the
occurrence of gas bladder overinflation. When we caught
saugers using the terminal gear most common in these
fisheries (a bucktail jig tipped with a minnow and
equipped with a trailing treble hook), equal numbers of
fish were caught by the jig hook and stinger hook. De-
spite the fact that 42% of all the saugers we caught were
foul-hooked, blood flowed from the primary hook
wound in only 21% of all the fish we caught. Concerns
that using a stinger hook increases rates of foul-hooking
and mortality were unfounded; most (70%) saugers were
hooked ‘‘fairly’’ (i.e., in the jaws or mouth) when the
stinger hook was responsible for the hook-up, and the
jig hook was responsible for twice as many foul-hook-
ings as the stinger hook. Based on these findings, we
recommend that the minimum length limit remain in
effect for saugers in Tennessee waters. We also conclude
that prohibiting the use of stinger hooks is unwarranted.

Fishing for saugers Stizostedion canadense is an
important seasonal activity in reservoirs on the
Tennessee River. Anglers target saugers during the
winter and early spring when saugers migrate up-
stream in search of suitable spawning shoals. Al-
though saugers can pass through the locks at some
dams (Maceina et al. 1996; Pegg et al. 1997), pas-
sage rates are low and the dams serve to concen-
trate saugers for several months, during which they
are susceptible to high rates of exploitation (Pegg
et al. 1996). Saugers remain concentrated in dam
tailraces until the urge to find suitable spawning
shoals results in rapid downstream dispersal, usu-
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ally in late March or early April (St. John 1990;
Pegg et al. 1997). By late spring, saugers have
dispersed into downstream reservoirs, where they
are only incidentally caught for the remainder of
the year.

In response to concerns that sauger populations
were on the verge of collapse in several main-stem
Tennessee River reservoirs in the early 1990s, the
Tennessee Wildlife Resources Agency reduced the
daily creel limit (walleyes Stizostedion vitreum and
saugers combined) from 30 fish to 10 fish and im-
posed minimum length limits in 1992. The mini-
mum size limit in Kentucky Reservoir, on the low-
er Tennessee River, was 356 mm total length; the
size limit was set at 381 mm in all other water-
bodies.

Minimum length limits will be counter-produc-
tive if released fish suffer high mortality (e.g., Bet-
toli and Osborne 1998); thus, we initiated this
study of sauger hooking mortality. Biologists with
the Tennessee Wildlife Resources Agency
(TWRA) were also concerned that the use of
‘‘stinger hooks’’ (a treble hook attached to the jig
hook by a piece of monofilament) was increasing
mortality through foul-hooking. Although hooking
mortality studies have increased in recent years
and much is already known (see review by Mou-
neke and Childress 1994), we found no published
reports on rates of hooking mortality of saugers or
rates of foul-hooking for any percids. Hoffman et
al. (1996) described mortality rates for saugers and
walleyes at a live-release tournament, but those
data would not apply to fish released immediately.
Low rates of hooking mortality of walleyes have
been reported (1.1%, Fletcher 1987; 5–16%, Payer
et al. 1989; 0.8%, Schaefer 1989). One factor
linked to high rates of hooking mortality is gas
bladder expansion. Angler complaints lodged with
TWRA staff that many saugers returned to the wa-
ter were unable to repressurize their air bladders
(i.e., they floated upon release) were an additional
reason to conduct this study. Keniry et al. (1996)
studied the phenomenon of gas bladder expansion
on yellow perch Perca flavescens and concluded
that bladder expansion negatively affected surviv-
al and that puncturing over-inflated bladders im-
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834 BETTOLI ET AL.

proved survival. Collins et al. (1999) also noted
that gas bladder inflation negatively affected sur-
vival of reef fishes, and that deflation improved
survival.

The primary objectives of this study were to
estimate short-term (overnight) and long-term (12-
d) hooking mortality of saugers in the Tennessee
River and to examine factors that may contribute
to hooking mortality. We also collected informa-
tion on rates of foul-hooking and injury with the
use of different terminal gears and the occurrence
of gas bladder expansion.

Methods

Saugers were caught with conventional fishing
gear below Pickwick Dam (the headwaters of Ken-
tucky Lake) and Ft. Loudoun Dam (the headwaters
of Watts Bar Reservoir) between 14 January 1999
and 26 March 1999. All angling was performed
by the authors, who were occasionally accompa-
nied by fisheries graduate students. A 1998 survey
of sauger anglers below Pickwick Dam revealed
that most anglers fished with bucktail jigs tipped
with a live minnow, and most anglers (450 of 510)
always or sometimes used a stinger hook when
jigging (Bettoli 1998). The stinger hook is either
impaled into the tail of the minnow, or allowed to
dangle. Another popular fishing method was to jig
a blade lure, which was usually equipped with a
pair of double or treble hooks. Thus, we always
fished either a minnow-tipped bucktail jig (1/0 size
hook) with an attached stinger hook (size 4) or a
blade lure.

Once a sauger was hooked, water depth was
recorded using an electronic fish finder. Saugers
are demersal and the baits were always jigged
within 1 m of the bottom; thus, we assumed that
the depth at hook-up was known within 1 m. Hook
location was recorded, and for fish caught with
jigs, we also noted the primary hook responsible
for capture (i.e., jig hook or stinger hook). The
severity of bleeding at the point of hook penetra-
tion was coded as either 0 (none or slight), or 1
(blood dripping or flowing from wound). The de-
gree of gas bladder overinflation was scored as 0
(no expansion visible), 1 (expansion visible at rear
of buccal cavity), or 2 (stomach or esophagus
clearly distended into buccal cavity). Air temper-
ature, water temperature, and total length (mm)
were recorded, as well as handling time (elapsed
time between the fish coming out of the water and,
after being unhooked and processed, being placed
in an 145-L cooler filled with aerated lake water).
Individually numbered T-bar anchor tags were at-

tached to the saugers, which were held for no more
than 45 min then transported to a large pen (1.5
m 3 1.5 m 3 11 m) that rested on the river bottom
and extended to the surface. Thus, saugers could
assume a demersal existence while confined. The
net-pen was slowly raised the following day and
the status of saugers was checked; saugers were
held overnight (16–22 h), and we assumed that our
mortality rates represented conventional 24-h mor-
tality rates. We also assumed that observed mor-
tality rates would be liberal, because saugers were
not released immediately into the net-pen.

As a follow-up to the overnight net-pen obser-
vations, we attached small (3.3-g) radio transmit-
ters (30.090–30.280 mHz) to 19 saugers that we
caught 25–26 March 1999. The weight of the
smallest radio-tagged sauger (270 mm), predicted
from a log-weight: log-length regression model for
Tennessee River saugers (N 5 3,309; author’s un-
published data) was 163 g. Thus, the radio tags
weighed no more than 2.1% of the body weight
of any fish we tagged; they weighed about 0.9%
of the weight of the average sauger we tagged.
Three saugers were radio-tagged and held over-
night in the net-pen; the remaining 16 saugers were
tagged and released immediately at their point of
capture, 7 km downstream of the dam. We pooled
the data from all 19 fish to describe long-term (.
24 h) survival of released fish.

The transmitters had a guaranteed life of 16 d.
Absorbable suture material was attached to the
transmitters and passed through the dorsal mus-
culature anterior to the dorsal fin. Fish were held
in a foam-lined cooler that was filled with lake
water, and the procedure usually took less than 90
s. The transmitters were equipped with a mortality
switch that would double the normal pulse rate (55
pulses/min) in the event the tag did not move for
8 h. The upper 18 km of the tailwater was traversed
to locate radio-tagged saugers on 31 March 1999.
The upper 34 km of the tailwater was traversed on
6 April 1999, and the location and status (dead or
alive) of the fish, as indicated by the pulse rate,
was recorded.

We used multiple logistic regression (SAS In-
stitute 1995) to model the probability of gas blad-
der overinflation as a function of water tempera-
ture, depth of capture, and total length of each fish;
the null hypothesis that each predictor variable had
no effect on the binary response variable (no over-
inflation 5 0; modest or severe overinflation 5 1)
was tested with the chi square statistic. We used
2 3 2 contingency tables and the chi square sta-
tistic to compare proportions of fish foul-hooked

D
ow

nl
oa

de
d 

by
 [

T
en

ne
ss

ee
 T

ec
h 

U
ni

ve
rs

ity
] 

at
 1

1:
54

 0
9 

A
pr

il 
20

15
 



835MANAGEMENT BRIEF

TABLE 1.—Classification of primary hook location, amount of bleeding from the hook wound, and the severity of
gas bladder overinflations for 113 saugers experimentally angled using two types of terminal gear in the Tennessee
River, January–March 1999. Parenthetical values are percents.

Classification
Jig-and-stinger

(N 5 93)
Blade lure
(N 5 20)

Total
(N 5 113)

Primary hook location

Foul hooked in head
Foul hooked in gular region (throat)
Foul hooked in body or fins
Jaws
Anterior mouth cavity
Posterior mouth cavitya

Pharynx

12
22
9

44
6
0
0

0
2
3

13
2
0
0

12 (10.6)
24 (21.2)
12 (10.6)
57 (50.4)

8 (7.1)
0
0

Amount of bleeding

None or slight
Flowing

74
19

15
5

89 (78.8)
24 (21.2)

Gas bladder overinflation

None
Modest
Severe

58
24
11

12
7
1

70 (62.0)
31 (27.4)
12 (10.6)

a At or posterior to first gill arch.

by the jig hook and the stinger hook and the pro-
portions of radio-tagged and net-pen saugers that
died (SAS Institute 1990; Elliott 1993). The Wil-
coxin two-sample test and the Z-statistic were used
to compare mean depth of capture and total lengths
of radio-tagged and pen-held saugers (SAS Insti-
tute 1990). Statistical significance was declared at
P # 0.05.

Results

We experimentally caught 113 saugers during
this study; 74 fish were held in the net-pen on four
dates to estimate overnight mortality, 19 fish were
affixed with radio tags and released to estimate
long-term mortality, and the remainder (N 5 20)
provided data on hook locations, bleeding, and gas
bladder overinflation. Saugers ranged in total
length from 220 to 475 mm (mean 5 346; SE 5
4.5). Depth at capture ranged from 5 to 18 m (mean
5 9.1; SE 5 0.6). Water temperatures averaged
10.08C and ranged from 78C to 128C during the
study; air temperatures averaged 9.28C and ranged
from 18C to 148C.

Ninety-three saugers were caught with bucktail
jigs tipped with a minnow and equipped with a
stinger hook (Table 1); equal numbers were caught
by the stinger hook (N 5 47) and the jig hook (N
5 46). Forty-two percent of all the saugers we
caught were foul-hooked by the primary hook in
the head, throat, body or fins; 58% bit the hook,
but none were hooked past the first gill arch or in
the esophagus (Table 1). The foul-hooking rates
for saugers caught using bladebaits (5 of 20) and

bucktail jigs (43 of 93) did not differ (chi square
5 3.038; df 5 1; P 5 0.081). Despite the high-
rates of foul-hooking, almost 80% of the saugers
(89 of 113) displayed little or no bleeding from
the hook wound.

Contrary to expectations, use of a stinger hook
when jigging did not increase rates of foul-hook-
ing, as most saugers (33 of 47) were hooked in
the jaws or mouth when the stinger hook was the
primary hook. Saugers were also more than twice
as likely to be foul-hooked by the jig hook (29 of
43) than the stinger hook (14 of 43; chi square 5
10.343; df 5 1; P 5 0.001).

Only three of 74 saugers (4%) held overnight
in the net-pen died. They averaged 341 mm in total
length (SE 5 5.4; range: 220–410 mm), and their
mean depth at capture was 8.2 m (SE 5 0.5; range:
5.2–15.8 m). Given such a low mortality rate, no
attempt was made to model the factors responsible
for mortality.

Gas bladder overinflation was evident in 38%
of all saugers caught (Table 1); about 11% exhib-
ited severe overinflation (i.e., the stomach was
clearly distend into the buccal cavity). Gas bladder
overinflation was not related to hooking mortality,
as only one of three saugers that died in the net-
pen exhibited any gas bladder overinflation. Over-
inflation was influenced by depth of capture (lo-
gistic regression; chi square 5 9.19; df 5 1; P 5
0.0024), but not water temperature (chi square 5
1.94; df 5 1; P 5 0.1636) or total length (chi
square 5 1.22; df 5 1; P 0.2697). Although depth
at capture was a significant predictor of gas bladder
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836 BETTOLI ET AL.

overinflation, most of the variation remained un-
explained (r2 5 0.14).

The 19 radio-tagged saugers were similar in
mean total length (350 mm) to the saugers held in
the net-pen (341 mm; Z 5 0.838; df 5 91; P 5
0.4017), but their average capture depth was deep-
er (12.1 m versus 8.2 m; Z 5 5.475; df 5 91; P
5 0.0001). Five days after release, 15 of the 19
tagged saugers were located within 18 km of the
dam; 2 of the 15 fish were dead. Seven days later,
tagged fish were located within 27 km of the dam.
Two of the four missing saugers were located and
were alive, and the 15 saugers located the previous
week were all relocated and their status (dead or
alive) did not change. Thus, the long-term (12-d)
mortality rate for the radio-tagged saugers was
12% (2 dead of 17 located). This mortality rate
did not differ from the 4% overnight mortality rate
calculated for net-pen fish (chi square 5 1.583; df
5 1; P 5 0.208); however, expected frequencies
in two cells of the 2 3 2 contingency table were
less than 5, and this comparison may not be sta-
tistically valid (Elliott 1993).

Discussion

Although the two radio-tagged saugers that
could not be located following release were scored
as suffering from extreme gas bladder overinfla-
tion, for the following reasons, we do not assume
that they both died. Nine of the 15 radio-tagged
saugers that survived suffered from some over-
inflation; two were judged to be severely overin-
flated, yet they lived. The two missing fish were
both foul-hooked, but so were four survivors.
Also, saugers placed into the net-pen that were
judged to be suffering from severe overinflation
(N 5 5) all lived. We have no compelling evidence
to suggest that the two radio-tagged saugers that
were never located had died; thus, we believe that
the 12% mortality rate for radio-tagged saugers
was not biased low.

The low (4–12%) hooking mortality of saugers
in the Tennessee River was similar to low rates of
hooking mortality reported for walleyes in other
water bodies (Fletcher 1987; Payer et al. 1989;
Schaefer 1989), which suggests that catch-and-re-
lease regulations can benefit many walleye and
sauger fisheries. Even if hooking mortality rates
for Tennessee River saugers were as high as 12%,
the minimum length limits currently in effect are
probably desirable for the following reason. Sau-
ger anglers interviewed during a creel survey at
Kentucky Lake on the Tennessee River took ad-
vantage of a regulation in 1997 that allowed them

to harvest three fish each day under the minimum
length limit. Nearly half of 1,711 saugers creeled
in 1997 were under the size limit (that exception
to the minimum length was subsequently elimi-
nated), and 60% of anglers ranked ‘‘catching fish
to eat’’ as the most important of six possible rea-
sons for them to fish for saugers (Bettoli 1998).
Thus, many anglers were motivated to harvest ev-
ery fish they caught. Forcing anglers to return all
under-sized saugers, even if a small percentage
subsequently died, would probably have the de-
sired effect of reducing exploitation and conserv-
ing stock abundance. Also, the effects of elevated
water and air temperatures, which exacerbates
hooking mortality for some species (e.g., striped
bass Morone saxatilis, Bettoli and Osborne 1998;
rainbow trout Oncorhynchus mykiss, Schisler and
Bergersen 1996), are of minor concern because the
sauger fisheries throughout the Tennessee River
occur predominantly in winter and spring, when
air and water temperatures are cool.

Our findings demonstrated that using a stinger
hook did not increase the incidence of foul-hook-
ing. Twice as many saugers were fair hooked by
the stinger hook than by the jig hook, and the jig
hook was most responsible for foul-hooking. Al-
though we did not examine rates of foul-hooking
by the jig hook when no stinger hook was attached,
few saugers (8 of 93) were hooked by both the
stinger and main jig hook, and in all but one of
those instances, the jig hook was responsible for
capture (i.e., only one sauger bit the stinger hook
and was subsequently foul-hooked by the jig
hook). In the absence of any other compelling in-
formation, the use of stinger hooks should not be
restricted.

Although we detected no relationship between
mortality and gas bladder overinflation, we did de-
tect a relationship between depth of capture and
overinflation, as others have reported (e.g., Keniry
et al. 1996). We do not consider gas bladder over-
inflation a serious problem affecting survival of
released sauger in Tennessee reservoirs; however,
the public’s negative perception of this issue war-
rants further examination. If gas bladder overin-
flation occurs slowly in saugers, as we suspect,
fish retrieved and released quickly would stand a
better chance of regaining depth and repressuriz-
ing, as has been noted for largemouth bass Mi-
cropterus salmoides and burbot Lota lota (Feathers
and Knable 1983; Lee 1992; Bruesewitz et al.
1993). Research that controlled for the amount of
time it took to bring saugers to the surface and
then return them to the water might reveal how
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837MANAGEMENT BRIEF

these two components of the angling experience
affect gas bladder overinflation.
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