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Locomotory Impairment of Nesting Male Largemouth Bass
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Abstract.—Catch-and-release angling of black bass Micropterus spp. during the parental care
period may lead to brood predation and premature nest abandonment. Furthermore, physiological
disturbance incurred while landing angled males may impair their ability to provide parental care
long after release. To assess the extent of this physiological disturbance, we examined the relative
energetic expenditures of nesting (N 5 4) and nonnesting (N 5 2) male largemouth bass Micropterus
salmoides exposed to staged angling events in experimental ponds. Information on fish locomotion,
through activity of the axial musculature, was remotely collected using electromyogram trans-
mitters. During angling, nonnesting fish fought with a higher intensity, probably expending sig-
nificantly more energy than did nesting fish. In addition, although the locomotory activity of
nonnesting fish appeared to recover as early as 2 h after angling release, the locomotory activity
of nesting fish was still impaired 24 h postangling. Overall mean activity for 24 h postrelease was
98% of basal for nonnesting fish, but only 63% for nesting fish. The reduced energetic capability
of a nesting male largemouth bass following angling, together with brood predation incurred as
a result of the temporary removal of that fish from the nest during angling, increases the likelihood
of that male abandoning his brood prematurely. This study provides further insight into the phys-
iological disturbances and behavioral consequences incurred as a result of catch-and-release angling
and highlights the need for addressing population level effects of catch-and-release angling on
parental care and reproductive success of black bass.

Largemouth bass Micropterus salmoides spawn
in shallow nests in the spring, and the males remain
alone to provide all parental care for the brood.
During the parental care period, males are partic-
ularly vulnerable to angling because they vigor-
ously defend the nest from intruders (Ridgway
1988; Philipp et al. 1997). When guarding males
are removed from the nest (or free-swimming
brood) by anglers, even for short periods of time,
predators such as other small centrarchids or per-
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cids can quickly consume the offspring (Neves
1975), with the level of predation proportional to
the length of time the fish is absent from the nest
(Kieffer et al. 1995; Philipp et al. 1997). If that
male is harvested before his offspring are inde-
pendent of parental care, they are quickly elimi-
nated by predation.

In some northern states and many Canadian
provinces seasonal closures are used to restrict an-
gling and harvest of black bass Micropterus spp.
during the reproductive period (Quinn 1993). Al-
though it is illegal in some jurisdictions to even
attempt to angle for bass during this closed period,
compliance with such regulations has been ob-
served to be minimal in many areas (Schneider et
al. 1991; Kubacki 1992; Philipp et al. 1997). Fur-
thermore, local climatic variability often results in
the season opening before the completion of
spawning and nest guarding activities by all in-
dividuals (Kubacki 1992). When this occurs, an-
glers may legally catch and harvest nesting fish.
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Anglers often assume that as long as the fish are
released, they will return to the nest and raise a
successful brood. Recent studies, however, indi-
cate that the behavioral and physiological effects
of exhaustive exercise, such as catch-and-release
angling during the spawning period, may reduce
reproductive success (Kieffer et al. 1995; Philipp
et al. 1997).

Studies of catch-and-release angling have quan-
tified seasonal hooking and handling mortality (see
Muoneke and Childress 1994), as well as the phys-
iological disturbance of exhaustive exercise
caused by catch and release (Kieffer et al. 1995).
Other studies have assessed the immediate behav-
ioral responses of fish following release, the de-
gree of nest predation while the guarding male is
absent, and the increased rate of abandonment re-
sulting in decreased reproductive success (Philipp
et al. 1997). For fish that do not abandon their
nests following an angling release, it is not known
to what extent the angling experience might impair
the ability of that fish to continue to guard its
brood. Because gurarding males probably only for-
age opportunistically while defending their nest
(Hinch and Collins 1991), physiological distur-
bance is particularly harsh on their overall vigor
because parental care, of itself, can be energeti-
cally costly (Hinch and Collins 1991; Mackereth
1995; Gillooly and Baylis 1999).

Examining fish activity patterns to assess
catch-and-release angling impacts can be diffi-
cult. Conventional locational telemetry has been
used to monitor the postangling survival and be-
havior of chinook salmon Oncorhynchus tshaw-
ytscha (Bendock and Alexandersdottir 1993),
lake trout Salvelinus namaycush (Lee and Ber-
gersen 1996), and striped bass Morone saxatilis
(Bettoli and Osborne 1998). Movements of
smallmouth bass Micropterus dolomieu and lar-
gemouth bass have been studied after release
from competitive angling events (e.g., Blake
1981; Healey 1990; Stang et al. 1996) or after
simulated displacements (Ridgway and Shuter
1996). None of these studies, however, were able
to monitor activity at the temporal or spatial
scale that is possible using locomotory activity
telemetry. Demers et al. (1996) reported that lar-
gemouth and smallmouth bass expended a sig-
nificant portion of their daily activity budget un-
dertaking localized movements (measured using
locomotory activity telemetry) that would be un-
detectable using conventional telemetry.

Videography has also been used to monitor ac-
tivity of nesting fish, although for a study such as

ours, videography alone would create major lim-
itations. For example, Hinch and Collins (1991)
used videography to monitor the nesting behavior
of male smallmouth bass. Videography permitted
the quantification of tail beats and provided insight
into the behavior of these fish, but data could only
be collected when fish were within the camera field
of view. In our study, nesting fish were expected
to be out of the camera’s field of view during and
following angling. In addition, the nonnesting fish
were unrestricted in their distribution within the
ponds and, as such, were expected to be difficult
to monitor with a video camera.

Our purpose was to quantify changes in the level
of parental care of nesting male largemouth bass
following catch-and-release angling. To accom-
plish this, we compared the relative activity levels
of nesting and nonnesting male largemouth bass
in experimental ponds exposed to angling. Fish
activity was monitored remotely using signals
from electromyogram transmitters and coordinated
with specific individual behaviors documented
with underwater videography.

Methods

Study site and animals.—All experiments were
conducted in 0.1-ha clay-lined, earthen ponds at
the Illinois Natural History Survey Aquatic Re-
search Field Laboratory in Champaign, Illinois,
during 1998. In the spring, ponds were filled with
water from the municipal water supply, and in-
vertebrates and plants were allowed to colonize.
Largemouth bass used in the study were obtained
from local impoundments with electrofishing and
were held in large holding tanks before implanting
transmitters.

Telemetry equipment.—Transmitters (EMGi,
Lotek Engineering Inc., Newmarket, Ontario) con-
sisted of an epoxy-coated transmitter with a pair
of electrodes and a single antenna (Kaseloo et al.
1992; Beddow and McKinley 1998). Nine-karat
gold electrodes measuring 7 mm were affixed to
the end of the electrode wires. The electrodes de-
tect the electromyographic (EMG) activity within
the axial red muscle and adjacent white muscu-
lature. The EMG activity then charges a capacitor,
and when the capacitance has been reached, a pulse
is emitted from the transmitter. The signal recorded
by the receiver is an EMGi pulse interval (ms),
which is inversely related to muscular activity. As
the muscle activity increases, the capacitor is
charged more rapidly, thus decreasing the interval
between pulses.

The tags used in this study weighed 18.0 g in
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air and measured 51 mm in length and 13 mm in
diameter. Transmitters constituted up to 4% of the
body weight of the fish in air. Although this is
heavier than the generally accepted ‘‘2% rule,’’
there is a growing body of literature suggesting
that the value is more plastic and must be consid-
ered on a species-specific basis (Brown et al.
1999). In general, transmitters have been implant-
ed in spawning phase largemouth bass without im-
pairing behavior (e.g., Crumpton 1985; Richard-
son et al. 1997). Transmitters broadcast at distinct
frequencies within an operating band of 148–150
MHz. Signals were detected and recorded auto-
matically using three SRXp400 radio receivers
with W/20 software (Lotek Engineering Inc.). Two
of the receivers were placed in environmental
chambers that were each connected to H-antennas
adjacent to the study ponds. The receivers were
set to scan continuously. A third receiver was used
to collect data when receivers were offline for
downloading or to focus monitoring on specific
individuals during manipulations. The receiver
system operated throughout the duration of the
study, except when offline for downloading data
to a computer when the data storage banks ap-
proached capacity.

Surgical procedure.—Fish were anesthetized us-
ing a 60-ppm induction bath of clove oil and eth-
anol (Anderson et al. 1997). Fish lost equilibrium
after several minutes and were then measured (to-
tal length, mm) and weighed (g) before being
placed ventral side up in a V-shaped acrylic trough
lined with neoprene. A maintenance dose of an-
esthetic (30 ppm) in oxygenated water continu-
ously irrigated the gills.

Surgical procedures were similar to that of De-
mers et al. (1996). A 3-cm incision was cut into
the ventral surface, just posterior to the pectoral
girdle. Because Demers et al. (1996) noted that the
external electrode anchors on a smallmouth bass
were damaged during an angling event, we mod-
ified the electrode insertion procedure so that the
electrodes were anchored internally; i.e., we used
a pair of 16.5-gauge rods to position the electrodes
10 mm apart in the red axial musculature below
the lateral line (Bunt 1999). Electrode placement
was standardized at the anterior portion of the dor-
sal fin (Beddow and McKinley 1999). Once in
place, a plunger was used to secure the electrodes
in the muscle, allowing the rods to be removed.
The transmitter was then inserted through the in-
cision and pushed anteriorly into the body cavity.
A 16.5-gauge hypodermic needle was then pushed
through the body cavity wall, shielding the viscera

with a scalpel handle, and the antenna wire was
passed through to the outside. The incision was
closed using four simple interrupted braided silk
sutures (2/0 Ethicon). A small amount of cyano-
acrylate glue (Vet-Bond, 3M Inc.) was then ap-
plied to the sutures to increase their resistance to
the abrasion that might occur during spawning and
to make the knot more secure. The entire procedure
lasted less than 5 min, and fish recovered quickly
when returned to fresh oxygenated water. Fish
were held in the holding tank, where they were
allowed to recover for several hours before release.
After recovery, fish were released into one of four
ponds

Angling.—Observers from shore visually mon-
itored ponds throughout the reproductive period
several times daily. In addition, at least two EMG
receivers continuously scanned in sequence for
signals from tagged individuals. Males on nests
were angled 4–7 d following spawning, when off-
spring were in the wriggler stage (Ridgway 1988).
Daily maximum surface water temperatures during
angling ranged from 188C to 238C.

When a nesting male was chosen for angling,
an underwater camera was placed adjacent to the
nest several hours before angling to obtain prean-
gling baseline videographic data (Collins et al.
1991; Cooke 1999). Before angling individual fish
from nests, at least one receiver was programmed
with the frequency of the targeted fish and set to
record and store every pulse interval.

All fish were angled from shore. If fish were not
captured within several minutes, they were left
alone and angling was attempted later. When
hooked, fish were played for 150 s because this
interval was deemed appropriate to exhaust black
bass (Kieffer et al. 1995; Philipp et al. 1997). Some
studies have used behavioral exhaustion as a cri-
terion for fatigue (e.g., Kieffer et al. 1995), which
would also be consistent with our chosen time in-
terval. After being played for 150 s, fish were
lipped and held out of the water for 30 s to remove
the hook and then immediately returned to the wa-
ter at their nest site. Immediate postrelease be-
havior was observed from a distance. When the
nest site was obscured by cover or surface glare,
and to avoid influencing the behavior of the fish,
additional detailed observations were provided by
the underwater videography.

Nonnesting males were individually angled by
sight so that the receiver could focus on that in-
dividual during angling. Nonnesting males were
treated in the same manner as nesting males; i.e.,
they were released after capture at the landing site.
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TABLE 1.—Male largemouth bass angled from experi-
mental ponds in central Illinois in May 1998. All fish were
implanted with electromyographic activity transmitters and
allowed to spawn naturally before being angled. Fish that
did not spawn (nonnesting males) were also angled.

Total
length
(mm)

Weight
(g)

Fish
code

Date
angled Status

324
314
352
335
378
372

480
459
509
566
903
728

128
706
206
106
284
761

May 08
May 08
May 09
May 10
May 09
May 10

Nesting
Nesting
Nesting
Nesting
Nonnesting
Nonnesting

Because nonnesting fish were less spatially local-
ized (i.e., not on a single nest), we had to rely
more heavily on visual observations than vide-
ography to assess their behavior.

Data analysis.—Data (EMGi pulse intervals)
were summarized as means and standard errors for
0.5-h intervals for each individual fish (SAS In-
stitute, 1999). During the angling and recovery
period fish activity was assessed in 5-s intervals
during angling, 1-min intervals following release
for the first 10 min, 10-min intervals for the next
50 min, and 1-h intervals for the next 23 h. Males
guarding nests of larvae of a similar developmen-
tal stage were equally active throughout the diel
period; this permitted average activity values of
individual fish for the 24-h period before angling
to be used as basal levels for each individual nest-
ing fish. Nonnesting fish experienced remarkably
consistent fluctuations in diel activity, enabling
basal values to be calculated on an hourly basis
and then compared with hourly activity values col-
lected after the fish were angled. Such adjustments
were required to eliminate the obscuring of results
in diel activity patterns. All values were trans-
formed so that they could be reported as percent
of basal (preangling levels).

To determine whether fish locomotory activity
decreased as fish became exhausted during the 150-
s angling period, we compared the mean activity
levels during the first 30 s of angling to the mean
activity levels during the last 30 s of angling. We
also tested whether the mean activity level during
angling differed between nesting and nonnesting
fish. Before analyses, F-tests revealed that the var-
iances were unequal, so data were log-transformed.
A t-test for independent means was then used to
test for differences. Next, we calculated the pro-
portion of time that activity levels during angling
were below basal levels and compared these values
using a t-test for independent means. Paired t-tests
were then used to compare the postangling activity
levels of nesting and nonnesting fish. These tests
were conducted separately on three time intervals
(first 10 min postrelease in 60-s increments, first 1
h postrelease in 10-min increments, and first 24 h
post release in 1-h increments). All tests were con-
sidered significant at a 5 0.05.

Results

Angling Period

We attempted to angle seven fish and were able
to hook and land all but one (Table 1). Two of the
fish angled were males that were not guarding

nests and four were males that had been on the
nest for 4–7 d after spawning. During angling, fish
exhibited a combination of burst swimming be-
havior and steady swimming. The overall loco-
motory output for all fish in both nesting and non-
nesting groups decreased significantly during the
time they were played (Figure 1). For nesting and
nonnesting fish, activity levels during the first 30
s of angling were significantly higher than the last
30 s (t 5 6.91, df 5 12, P , 0.001; t 5 8.01, df
5 12, P , 0.001), respectively. Mean activity lev-
els during the first 30 s of angling were 177.7 6
11.2% of basal levels for the nesting fish and 535.5
6 13.6% of basal levels for the nonnesting fish.
During the final 30 s of angling, mean activity
levels for both nesting and nonnesting fish had
fallen to 132.6 6 8.4% and 340.3 6 23.49% of
basal levels, respectively. By the end of the angling
event, all fish were having difficulty maintaining
an upright position in the water column, were quite
close to the surface, and made very few burst
swimming attempts. Nonnesting fish had signifi-
cantly greater mean angling intensities (348.0 6
171.0% of basal) than did the nesting fish (124.5
6 26.5% of basal; t 5 2.77, df 5 4, P 5 0.042).
Nesting fish also spent a significantly higher pro-
portion of the angling period at locomotory levels
that were below basal (37.8 6 9.8%) than did non-
nesting fish (7.2 6 1.0%; t 5 22.08, df 5 4, P 5
0.047).

After fish were angled for 150 s, they were land-
ed quickly, and EMGi signals rapidly decreased.
Sporadic movements in response to hook removal
and other stimuli sometimes resulted in contrac-
tions of the axial musculature during the 30 s of
air exposure. All fish survived the angling, with
none being hooked deeply. None of the hook
wounds caused any visible damage that would
have been expected to result in immediate mor-
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FIGURE 1.—Exhaustion patterns, expressed as activity levels above basal activity, of two nonnesting (two upper
panels) and four nesting (four lower panels) male largemouth bass during 150 s of angling. Basal activity (100%
of basal) represents the activity level of fish before angling.

tality, and all fish survived throughout the re-
mainder of the study period.

Recovery Period

Nesting fish were released within 1 m of the
nest, and generally swam quickly away in a series
of bursts. Following release, all nesting fish first
swam past the nest into deeper water and returned
to their nests within a short time (,3 min). The
initial postrelease behavior resulted in activity lev-
els being slightly higher (73% of basal) than dur-
ing the remainder of the recovery period but still
much lower than basal levels (Figure 2).

After returning to their nests, males resumed
nest-guarding activities. None of the angled fish
abandoned their nest following angling. Activity
levels, however, decreased following their initial
slight hyperactivity, then began to rise slowly after
7 min (Figure 2), and continued to increase slightly
for the next hour (Figure 3). The lowest average

activity level noted for the nesting fish (38% of
basal) occurred 6 min following release (Figure
2). Over the next 24 h relative activity remained
below 100% basal levels (Figure 4): average 24-
h postangling value was 63.0 6 1.4% of basal.
Even after 24 h, activity levels had not returned
to 100% basal values (Figure 4).

Nonnesting fish behaved quite differently; the
mean activity level of nonnesting bass during the
first 24 h postrelease was 98.0 6 4.1% of basal.
The lowest activity levels recorded for nonnesting
fish (77% of basal) occurred 10 min after release
(Figure 2). As with nesting males, nonnesters ex-
hibited hyperactivity for the first 3 min following
release before entering a resting phase. Activity
remained low for the next few minutes, but fish
again exhibited hyperactivity beginning at 20 min
postangling and stabilizing by the second hour af-
ter release (Figures 3, 4). Activity following this
period was similar to basal, averaging 97.9% of
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FIGURE 2.—Comparative recovery patterns of nesting
(solid bars) and nonnesting (open bars) largemouth bass
during the first 10 min of recovery following their angled
catch, holding for 30 s, and release. Data are means 11
SE for activity levels of basal activity. Basal activity
(100% of basal) represents the activity level of fish be-
fore angling.

FIGURE 3.—Comparative recovery patterns of nesting
(solid bars) and nonnesting (open bars) largemouth bass
during the first 1 h of recovery following their angled
catch, holding for 30 s, and release. Data are means 11
SE for activity levels of basal activity. Basal activity
(100% of basal) represents the activity level of fish be-
fore angling.

FIGURE 4.—Comparative recovery patterns of nesting
(solid bars) and nonnesting (open bars) largemouth bass
during 24 h of recovery following their angled catch,
holding for 30 s, and release. Data are means 11 SE for
activity levels of basal activity. Basal activity (100% of
basal) represents the activity level of fish before angling.

basal until monitoring was terminated at 24 h post-
angling.

During the initial 10 min after release (Figure
2), mean activity levels of nonnesting fish (114.0
6 12.6%) were significantly greater than nesting
individuals (57.0 6 3.5%; t 5 24.51, df 5 10, P
5 0.001). The same pattern held for 10-min in-
tervals during the first hour after release (Figure
3; t 5 28.68, df 5 5, P , 0.001), and for 1-h
intervals during the first 24 h following angling
(Figure 4; t 5 26.28, df 5 23, P , 0.001). Mean
activity levels were 122.0 6 5.4% for nonnesting
males and 66.3 6 3.0% for nesting fish during the
first hour of recovery. Mean activity levels were
98.0 6 4.1% for nonnesting males and 63.0 6
1.7% for nesting males during the 24 h postan-
gling.

Discussion

There were several limitations in our study that
precluded the collection of data from more fish.
First, the transmitters used for this study are ex-
pensive (US$600). Second, we implanted 16 male
fish for this project, but some did not spawn. To
control for known variation in angling effects with
water temperature, we needed to angle fish within
several days of each other. Furthermore, for com-
parative purposes, we needed to angle fish that
were guarding offspring of a similar developmen-
tal stage because parental effort varies with stage
of larval development (Ridgway 1988). Consid-
ering all of these limitations, we were only able
to compare two control fish and four nest-guarding

fish. The low sample sizes are problematic in that
physiological and behavioral responses can vary
widely among individuals. However, for this study,
an individual also serves as its own control (i.e.,
data collected before versus during and after dis-
turbance). For this discussion, we present infor-
mation on both largemouth bass and smallmouth
bass because they have similar life histories and
behavioral characteristics. However, it must be
noted that interspecific differences also exist, so
caution must be used when directly comparing re-
sults from the two species.
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During angling, nonnesting fish exhibited rela-
tively higher activity levels than did nesting fish
and therefore probably expended significantly
more energy. The lower levels of activity exhibited
by nesting fish are probably attributable to de-
creased levels of available energy reserves, as af-
fected by the energy expended for spawning
(Cooke 1999) and parental care (Gillooly and Bay-
lis 1999). Furthermore, because basal activity lev-
els during the parental care period are several fold
higher for nesting males, their available scope for
activity is decreased. Also, because nonnesting
fish were larger than nesting fish, it is possible that
they might have been able to swim at faster speeds
during angling, thus contributing more bioelectric
potential energy to the filling of the capacitor, re-
sulting in higher activity levels. Reliable accounts
of fish behavior and physiology during angling are
scarce in the literature. However, Gustaveson et
al. (1991), studied hematological responses in lar-
gemouth bass every minute during a 5-min angling
period. They reported that at intermediate tem-
peratures (16–208C) largemouth bass displayed a
pronounced physiological response to length of
time they were hooked and played; a mild hypo-
glycemia occurred, plasma osmolarity increased
significantly, and blood lactate concentrations
rose.

Angling is probably one of the most severe
forms of exercise for fish during normal environ-
mental conditions (Wood 1991). The severity of
physiological disturbance in black bass due to
angling is influenced by many factors, including
water temperature, angling duration while
hooked, and length of air exposure (Gustaveson
et al. 1991). Because nesting black bass also have
the added stress of decreased food consumption
during the parental care period (Kramer and
Smith 1962; Hinch and Collins 1991), this time
is regarded as an energetically costly period in
the life of the fish. During the parental care pe-
riod, male bass are continually active (Hinch and
Collins 1991), probably expending more energy
than free-swimming, nonnest-guarding fish that
have a period of reduced nocturnal activity (Em-
ery 1973). Preliminary data from related EMGi
telemetry studies indicate that nesting male bass
are approximately twice as active as nonnesting
male bass (Cooke 1999), which highlights the in-
creased energetic demands faced by nest-guarding
males relative to nonnesting fish.

The high activity levels of bass during the first
2 min after release may further increase the phys-
iological disturbance incurred during angling.

Non-nesting fish experienced a heightened level of
activity immediately following release that was
probably a response to the perceived threat from
the angler and a desire to locate suitable cover.
Nesting fish, however, also expended energy lo-
cating the nest and, perhaps, determining whether
it was safe to return. The bursting action often used
by fish upon release comprises a series of rapid
swimming movements attempting to escape, which
may further increase production of lactic acid
(Gustaveson et al. 1991). This additional stress has
not been considered in previous studies measuring
postangling physiological disturbance. The results
of our study suggest that catch-and-release angling
causes a significant locomotory impairment in
nesting largemouth bass following exhaustive an-
gling. This impairment was still evident 24 h after
release from angling. Locomotory impairment
among nonnesting fish, however, seemed to last
only about 1 h.

Kieffer et al. (1995) reported that following ex-
haustive exercise of nesting male smallmouth bass,
phosphocreatine (PCr) and adenosine triphosphate
(ATP) were depleted in the white muscle. During
anaerobic burst-type muscular activity, PCr has
been shown to be one of the first energy sources
used, and ATP is usually the next energy source
(Dobson and Hochachka 1987). These depletions
could be quite important for the short-term burst-
ing activities used by nesting bass to defend
against potential brood predators (Kieffer et al.
1995). Furthermore, the buildup of muscle lactate
in exhaustively exercised fish is indicative of de-
pleted muscle glycogen, which is another impor-
tant energy reserve (Kieffer et al. 1995). Addi-
tional stress may be manifested in osmoregulatory
disturbance (Gustaveson et al. 1991) and intra-
cellular acidosis, which in severe cases may cause
death (Wood et al. 1983). Although no death was
observed by Kieffer et al. (1995) or in our study,
the physiological disturbances noted for small-
mouth bass could be substantial enough to disrupt
nest-guarding by males (Kieffer et al. 1995). Hinch
and Collins (1991) reported that one of the nesting
fish they monitored with videography prematurely
abandoned its nest, perhaps due to the energetic
demands of an extended parental care period with-
out opportunistic feeding.

Several studies have attempted to link the physi-
ological disturbance of angling to the nest-guarding
activities of male bass. Kieffer et al. (1995) observed
that nesting male smallmouth bass played to ex-
haustion took four times longer to return to the nest
than did those played less extensively, and this ex-
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tended absence resulted in heightened nest predation.
However, they were unable to monitor or quantify
the subsequent impairment of nest-guarding activi-
ties after the male returned to the nest. Philipp et al.
(1997) also observed an almost four-fold increase in
time required for exhaustively played black bass to
return to the nest compared with briefly played fish.
Qualitative observations suggested that, even after
returning to the nest, exhaustively played individuals
were disoriented and did not aggressively defend
their broods from predators. Our results strengthen
the qualitative observations presented by Philipp et
al. (1997) and support the notion that fish have a
reduced willingness or ability to defend the nest after
catch-and-release angling. The Philipp et al. (1997)
study confirmed that catch-and-release angling of
nesting black bass can increase brood predation, as
previously found through experimental removals of
fish from nests (Neves 1975). Once a fish has been
angled and landed, it is apparent that the level of
physiological disturbance experienced by that fish
affects its future parental care activities. However,
when a fish has returned to the nest and has begun
to protect the brood, it is unclear how that physio-
logical disturbance might impair future locomotory
needs. Another finding by Philipp et al. (1997) was
that nest abandonment increased with successive or
iterative capture and release of individuals, a sign of
cumulative physiological damage. Individual-based
modeling simulations by Ridgway and Shuter (1997)
indicated that even brief exhaustion and handling of
nesting male bass may result in significant declines
in age-0 fish by fall. Research on catch-and-release
angling effects on the parental care period have gen-
erally focused on the potential increase in brood pre-
dation during the male’s absence from the nest. The
impaired ability of a male to defend the nest after
being angled and released have rarely been consid-
ered.

Management Implications

The results of our study, when combined with
previous research, indicate that simple measures
may be taken to minimize the physiological dis-
turbance of catch-and-release angling on nesting
male bass and associated impacts on recruitment.
As noted by Kieffer et al. (1995), short-duration,
nonexhaustive angling minimizes disturbance rel-
ative to exhaustive angling. When landed, air ex-
posure of fish can further exacerbate physiological
disturbance, especially when fish are exhausted or
injured (Ferguson and Tufts 1992). Air exposure
duration is influenced by terminal tackle (e.g.,
barbless versus barbed, organic versus artificial

baits), the experience of the angler in handling fish,
and the number of photographs taken. Based on
these results, we suggest that during the nest-
guarding phase, if anglers target bass or if a nesting
bass is hooked accidentally, the angler should at-
tempt to land the fish as rapidly as possible to
minimize exhaustion, remove the hook rapidly,
and return the fish to the water quickly. Although
we did not vary angling duration, it is likely that
had the fish not been angled to exhaustion, activity
levels may not have been impaired to the extent
we observed. If managers, out-reach personnel,
conservation organizations, and the media can ef-
fectively disseminate this information to anglers,
the negative effects of catch-and-release angling
on nesting male bass could be reduced.

In the United States, it is often thought that warm-
er temperatures and nutrient-rich waters compen-
sate for predation of age-0 bass through improved
growth rates, which prompts many agencies to al-
low year-round harvest of bass. In a few northern
jurisdictions, managers have taken a more conser-
vative approach. Our research (in mid-latitudes
of Illinois) indicates that catch-and-release an-
gling may impair nest-guarding activities. Fur-
thermore, catch-and-release angling of nesting
male bass may affect recruitment, genetic vari-
ability, disease resistance, and overwinter sur-
vival of the adult. As such, studies that consider
the ecological consequences of physiological dis-
turbance should emphasize recruitment and pop-
ulation level effects of catch-and-release angling
during the parental care period. We predict that
the disturbance experienced by nesting fish in
southern jurisdictions would probably be higher
because of increased water temperatures, possibly
negating the thermal benefits to the offspring.
Managers throughout North America need to con-
sider the potential effects of catch-and-release an-
gling and perhaps do more to promote practices
that protect nesting fish from angling activity. We
also urge further study to elucidate the latitudinal
influence on physiological disturbance of nesting
bass and to determine what factors (brood de-
valuation, physiological effects of angling, or
both) lead to premature nest abandonment.
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