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Although anthropogenic activity and sound levels 
have been increasing in freshwater ecosystems, 
their effect on freshwater species is relatively unex-
plored. Boat motor sound is a prominent stimulus 
that the recreational use of lakes adds to the fresh-
water soundscape. Bluegills (Lepomis macrochi-
rus) are a common target of anglers and therefore 
can experience frequent boat motor sound. This 
experiment examined the effect boat motor play-
back had on nesting bluegills in a small Minneso-
tan lake. A boat motor recording was played via an 
underwater speaker near nesting bluegills, and the 
bluegills’ orientation angles to the speaker were 
examined before, during, and after sound playback. 
Also, non-nesting bluegills were examined to explore 
potential differences in behavior compared to nest-
ing bluegills.

Introduction
Anthropogenic activity and sound levels have 

been increasing in freshwater ecosystems (Mickle 
& Higgs, 2018), yet their effect on aquatic species 
is relatively unexplored, especially in freshwater 
(MacLean et al., 2020; Putland & Mensinger, 2020; 
Mickle & Higgs, 2018; Mensinger et al., 2018; 
Nedelec et al., 2017). In freshwater fish, anthropo-
genic sound can detrimentally affect stress levels, 
foraging success, and sheltering response (Mickle 
& Higgs, 2018), and anthropogenic activities such 
as angling and shoreline development reduce repro-
ductive success in fish, mostly through nest aban-
donment (MacLean et al., 2020). While there is a 
need to manage the effect anthropogenic sound has 
on the environment, it can be hard to relate reduc-
tion in individual fitness to effects at the population 
level (Mensinger et al. 2018, Mickle & Higgs, 2018). 
Additional studies are therefore needed for a more 
comprehensive understanding.

A lot of anthropogenic sound has a significant 
low frequency component between 10 and 1000 
Hz which overlaps the frequency range of biolog-
ical sounds. Understanding how anthropogenic 
sound changes the natural soundscape is important 
because many aquatic animals depend on sound. 

Turtles, amphibians, arthropods, crustaceans, and 
fish produce sound either passively while feeding 
or moving or actively to communicate (Putland & 
Mensinger, 2020). Chronic exposure to increased 
sound levels, possibly from anthropogenic sound, 
indirectly disrupt animals’ life histories (Gurule-
Small & Tinghitella, 2019), and acute exposure can 
cause changes in foraging behavior, calling behavior, 
spatial movement patterns, and hearing thresholds 
of aquatic animals (Shannon et al., 2016). 

Anthropogenic sound can affect animals’ hear-
ing in two ways. Temporary threshold shifts (TTS) 
increase auditory thresholds and occur when the 
inner ear hair cells are fatigued from use (Putland 
et al., 2019). Rogers et al. (2020) found that the 
oyster toadfish (Opsanus tau) exposed to as little as 
1-hr of anthropogenic sound had TTS and exposure 
to 12-hrs extended hearing loss for 3 days. Another 
detrimental effect on hearing is sound masking that 
prevents the detection of auditory stimuli. Mask-
ing can be energetic, it is overlapped by another 
sound with the same frequency at the same time, 
or informational, it cannot be distinguished from 
background noise (Clark et al., 2009; Putland et al., 
2019). These effects indirectly affect the aquatic 
animal’s behavior and fitness.

Establishing a baseline auditory profile of a lake 
is the first step in determining how anthropogenic 
sound is changing the natural soundscape. While 
hydrology, the volume and speed of water flow, is 
the main influencer on sound levels in freshwater, 
meteorology (rain), depth, sediment composition, 
size, ice dynamics, and bathymetry also influ-
ence the soundscape (Putland & Mensinger, 2020). 
Researchers have begun to investigate how chang-
ing the aquatic soundscape with underwater anthro-
pogenic sound alters fish natural behavior.

There have been varying reports of fish behav-
ioral changes in response to anthropogenic sound 
across experiments. In saltwater, Australian snap-
per (Pagrus auratus) reacted differently to a motor-
boat passing depending on whether they were in 
a no-take marine reserve. Australian snapper in 
protected areas did not change their behavior in 
response to the motorboat passing. In contrast, 
Australian snapper in nonprotected zones fled 
from the video frame or decreased feeding activ-
ity (Mensinger et al., 2018; Mensinger et al., 2016). 
This suggests that a fish’s response to anthropogenic 
sound may depend on previous exposure and what 
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threat level is associated. Habituation to motorboat 
sound would be beneficial if it is a nonthreatening 
sound source; however, if it is associated with the 
danger of being caught by anglers, then habituation 
could reduce fitness. In freshwater, while nesting 
smallmouth bass (Micropterus dolomieu) did not 
change the amount of darting or turning behaviors 
during boat motor playback, smallmouth bass did 
decrease residency time on the nest as the speaker 
was moved closer to the nest indicating that boats 
operating near nests may detrimentally affect paren-
tal care (MacLean et al., 2020).

Bluegills (Lepomis macrochirus) are an import-
ant game fish throughout their range (Gaeta et al., 
2013; Pope et al., 2016; Tingley et al., 2019) and 
spawn multiple times a season (Cooke et al., 2008). 
Nests are often located in sunny, muck-free areas 
in water depths up to 100 cm (Avila, 1976). After 
constructing a nest, the male spawns with one or 
more females then cares for the offspring by guard-
ing and aerating the eggs (Cooke et al., 2008). Previ-
ous field studies have quantified bluegill nesting 
behavior in situ. 

Avila (1976) observed that nest rim circling and 
tail-sweeping were the most frequent behaviors 
of nesting bluegills. Also, intraspecific territorial 
defense was common but interspecific relation-
ships depended on the species. For example, large-
mouth bass were left alone, small trout were chased, 
and ducks were avoided. Cooke et al. (2008) found 
that between six sunfish species (including blue-
gill) defense and vigilance behaviors were the most 
prominent for the species with the highest levels 
of predation. There did not appear to be a trade-off 
between the amount of aeration and defense. They 
suggested that turning rate, a defense metric, may 
also be related to aeration and could contribute to 
why there is not a decrease of aeration when defense 
increases (Cooke et al., 2008). While these studies 
give insight into typical bluegill nesting behavior, 
little is known about how anthropogenic sound such 
as boat motor sound affects their behavior.

The objective of the current study is to investi-
gate the effect boat motor sound from recreational 
boating has on the nesting behavior of bluegill. It 
was originally expected that bluegills would tempo-
rarily flee from the boat motor playback because 
Mensinger et al. (2018) found that fish in non-re-
serve areas fled when the motorboat approached. 
Since turning rate on the nest is an important 
behavior for nest vigilance (Cooke et al., 2008), 
the orientation of bluegills relative to the speaker 
was analyzed to explore indirect changes to fitness. 
If fish remained in frame during playback, it was 
hypothesized that the fish would orient towards 
the sound during playback to investigate an abnor-

mal stimulus which could reduce nest vigilance. To 
test this, nesting and non-nesting bluegills were 
exposed to 2 durations of boat motor playback and 
were observed via underwater video before, during, 
and after sound playback.

Materials and Methods

 Figure 1. 
Elliott Lake is in rural northern Minnesota. The blue-
gill nest colony is shown on the inset map by a white star.

Study Site and Population 
Data was collected from June 22 to July 10, 2020 

in Elliott Lake (47°18’38.6”N, 92°26’12.5”W), a 
small freshwater lake with approximately 1.25 km2 
surface area in Makinen, Minnesota, USA. The lake 
has one public access but does not experience heavy 
recreational use. Trials were conducted at one nest 
colony of bluegills consisting of about 10 nests adja-
cent to a small weed bed located in about 75 cm of 
water (Fig. 1). 
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Figure 2.
Deployment setup.

Experimental Trials
 The behavioral responses of nesting and 

non-nesting bluegills before, during, and after boat 
motor playback were examined quantitatively 
using an unbaited underwater video (UBUV) setup 
(Watson et al., 2005; Langlois et al., 2006). The 
PVC pipe structure consisted of a vertical PVC pipe 
attached to two legs opposite of each other both 
made of a 17 cm PVC pipe connected to a 50 cm 
PVC pipe at a 90° angle (Fig. 2). On the vertical 
PVC pipe, a downward facing underwater camera 
(GoPro® Hero 5 Black; GoPro, San Mateo, CA, 
USA) was attached 70 cm above the substrate and 
a hydrophone (SoundTrap v1.7; Ocean Instruments, 
Auckland, New Zealand) for passive acoustic moni-
toring (PAM) of the soundscape during trials was 
attached 20 cm above the substrate. An underwater 
speaker (University Sound UW30; Electro-voice, 
Burnsville, MN, USA) was placed on the substrate 
at the center of the UBUV which was deployed 
from a canoe over a cluster of nests. Typically, the 
maximum number of nests in view was three due 
to the height of the camera and the proximity of 
nests. Trials were also performed at the same loca-
tion when the nests were unoccupied to investigate 
if non-nest guarding bluegills would react differ-

ently to sound playback. A recording of a boat motor 
was played from the underwater speaker via a MP3 
Player (A02 8GB MP3 Player; AGPTEK, Brook-
lyn, NY, USA), an amp (PAT-20TB 20W Mobile PA 
Amplifier with Talkback Feature; Speco Technolo-
gies, Amityville, NY, USA), and a battery (Yeti 150 
Portable Power Station; Goal Zero, Bluffdale, UT, 
USA). 

 Setting up the UBUV on site was limited 
to 5 min to prevent excess disturbance before trials, 
and only 1 trial a day was performed to mitigate 
habituation. The acclimation period of fish to the 
UBUV was determined by noting in the video how 
long it took for a bluegill to return in frame after 
deployment (Watson et al., 2005; Mensinger et al., 
2016), and was used to increase the chance that a 
fish was in view and allow the bluegills to resume 
more normal behavior. 

Two trial types were completed (Fig. 3). The first 
used shorter and more frequent sounds (SF) and 
consisted of 30 min before playback, 6 repetitions 
of 30 sec of playback with 5 min in between, and 
then 15 min after playback. The second type used 
longer and more isolated sounds (LI) and consisted 
of 15 min before playback, 3 repetitions of 5 min 
playback with 30 min in between, and then 15 min 
after playback. Throughout the study period, 6 SF 
trials and 5 LI trials were conducted.

Figure 3.
Timelines for short and frequent (SF) and long and 
isolated sound trials (LI). Blue indicates silence from the 
speaker and black indicates boat motor playback.

A hydrophone and a temperature and light data 
logger (HOBO Pendant® Temperature /Light Data 
Logger; Onset Computer Corporation, Bourne, MA, 
USA) were deployed at the end of a dock on the 
lake to record the ambient soundscape and the water 
temperature. 

Data Analysis
Hydrophone data was examined manually in 

Audacity (version 2.4.2), and then sound inten-
sity and a power spectrum were calculated using 
Matlab (version R2018a) code from Mensinger et al. 
(2018). Hydrophone data was filtered for 50-1000 
Hz because the shallowness of the water would 
disrupt the wavelength of frequencies below 50 Hz 
by interaction with the substrate and surface of the 
water (Radford & Mensinger, 2014). The speaker’s 
sound intensity at various distances was calculated 
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by playing boat motor sound as the hydrophone was 
moved in 1 m increments away from the speaker 
until it was 10 m away. The median sound inten-
sity of one 30 sec SF sound period and one 5 min LI 
sound period were also calculated when the hydro-
phone was located directly above the speaker on the 
UBUV. The lake’s ambient noise level was recorded 
for 10 min near the bluegill nesting colony, and the 
HOBO temperature data was averaged daily.

Video data was previewed in VLC media player 
(3.0.10 Vetinari) and analyzed in BORIS (DOI: 
10.1111/2041-210X.12584, Version 1.0). Similar 
to Mensinger et al. (2016), video was analyzed in 
30 sec segments to allow direct comparisons across 
segments. A non-nesting bluegill was defined as 
a bluegill without a nest in frame, and the angle 
each fish was facing compared to the speaker was 
measured in BORIS every 5 sec; the angle was 0° 
if the fish was facing the speaker (Fig. 4). For SF 
trials, the 30 sec before and after each playback were 
analyzed along with the 30 sec sound period. For LI 
trials, the first 30 sec of every minute was analyzed 
for the 2 min before, 5 min during, and 2 min after 
each sound playback. 

The differences in the average number of nest-
ing and non-nesting bluegills present between each 
segment (before, during, or after sound playback) 
was tested for based on trial (SF or LI) and nesting 
type (nesting or non-nesting bluegills) in RStudio 
(RStudio Team (2019). RStudio: Integrated Devel-
opment for R. RStudio, Inc., Boston, MA URL 
http://www.rstudio.com/.). Since most data was not 
normally distributed according to the Shapiro-Wilk 
Normality Test, the Kruskal-Wallis ANOVA test 
was used. If needed, a pairwise post-hoc Dunn test 
with Bonferroni adjustments was used to identify 
which time segments were significantly different. 

To further explore the trend of bluegill pres-
ence over time, a linear regression was used to 
compare the average number of bluegills (nesting 
and non-nesting) versus time into the sound period 
for SF and LI trials. Each data point represents a 
30 sec segment and is the average of 6 frames of 
analyzed video, and the points are jittered on the 
x-axis to display overlapping points. Then, a linear 
regression was used to compare the average number 
of non-nesting bluegills versus the average number 
of nesting bluegills per 30 sec segment for SF and 
LI trials.

Figure 4. 
A) The base of the UBUV is shown around three bluegill 
nests with the nesting bluegills identified in white ovals. 
B) The same frame with the orientation angles relative to 
the speaker included.

Angle data was managed and tested in Micro-
soft Excel and Oriana (Kovach, W.L., 2011. Oriana 

– Circular Statistics for Windows, ver. 4. Kovach 
Computing Services, Pentraeth, Wales, U.K). The 
angles per frame in each before, during, and after 
sound segment were averaged by individual bluegill. 
The orientation of bluegills to the speaker before any 
sound playback was examined with the mean angle 
of nesting and non-nesting bluegills from the before 
sound segments of all trials. 

Then, to examine the effect boat motor play-
back had, the Watson-Williams F-Test was used to 
test the mean angle distribution between segment 
type (before, during, and after sound playback) 
based on trial (SF or LI) and nesting type (nesting 
or non-nesting bluegills) since the angle data by 
individual bluegill followed the von Mises distri-
bution according to Kuiper’s Test. The mean angle 
with its 95% confidence interval was reported for 
significant results.

Differences in the raw angle per frame distri-
bution between nesting and non-nesting blue-
gills for trial and segment type were tested with 
the non-parametric Mardia-Watson-Wheeler Test 
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since data did not follow the von Mises distribu-
tion according to the Watson’s U² Test. Data was 
not averaged per individual fish to investigate the 
turning rate of individual bluegills and was graphed 
as a circular histogram.

Results

Figure 5. 
The average daily water temperature (blue line), dates 
trials were conducted (black X’s), and dates nesting blue-
gills were observed (orange line).

Bluegills were observed nesting June 13, 2020 
and then again from June 19 to June 26, 2020. The 
average water temperature during the study was 
26.3°C (Fig. 5). 

Figure 6. 
The black line shows the median sound intensity of 30 sec 
of boat motor playback as the hydrophone was moved 
farther from the speaker. The blue line represents the 
ambient noise level (80.9 dB) at the bluegill nesting 
colony over a 10 minute period of light wind.

Figure 7.
Power spectrum of the 5 min boat motor playback used 
in LI trials (blue line), 30 sec boat motor playback used 
in SF trials (red line), and 10 min of ambient noise at the 
bluegill nesting colony (yellow line).

Fish in the frame were within a meter of the 
speaker which means they experienced between 
129.3 and 145.2 dB compared to the ambient lake 
noise of 80.9 dB (Fig. 6). The speaker’s median 
sound intensity was 151.2 dB during a SF 30 sec 
playback and 150.4 dB during a LI 5 min playback.

Figure 8.
The box and whisker plots show the median number of 
nesting and non-nesting bluegills observed in before, 
during, and after sound segments of A) SF trials and B) 
LI trials.

The number of bluegills in each frame varied 
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by trial type and between nesting and non-nesting 
bluegills. (Fig. 8).

Figure 9.
The average number of nesting and non-nesting blue-
gills present before, during, and after sound playback in 
A) SF trials and B) LI trials. Each point represents a 30 
sec segment and is the average of 6 frames of analyzed 
video, and the points are jittered on the x-axis to display 
overlapping points. The gray regions represent during 
boat motor playback.

Although there was not a significant difference in 
the median number of bluegills before, during, and 
after sound playback, there was a significant positive 
relationship between average number of non-nest-
ing bluegills present per 30 sec segment and increas-
ing time into sound period in SF [F(1,97)=4.362, 
p<0.05, R2=0.04] and LI trials [F(1,124)=4.270, 
p<0.05, R2=0.03], but there was not a significant 
relationship between average number of nest-
ing bluegills and time into sound period in SF 
[F(1,97)=0.0039, p=0.950, R2=0.00] nor LI trials 
[F(1,124)=0.00169, p=0.9673, R2=0.00]. 

Figure 10.
The presence of non-nesting bluegills vs. nesting bluegills 
in A) SF trials and B) LI trials. Each point represents a 
30 sec segment and is the average of 6 frames of analyzed 
video. 

There was a significant negative relationship 
between the average number of non-nesting blue-
gills in a 30 sec segment and increasing average 
number of nesting bluegills for SF [F(1,97)=8.5926, 
p<0.01, R2=0.08] and LI trials [F(1,124)=9.6851, 
p<0.01, R2=0.07].

Figure 11.
Orientation of nesting (N=14) and non-nesting (N=6) 
bluegills during the first before sound segment of both 
trial types. The ray represents the mean angle with a 95% 
confidence interval, and the blue dots represent individual 
bluegill’s average orientation.

The first before sound segment in each trial were 
examined to determine orientation of nesting and 
non-nesting bluegills to the UBUV without sound 
playback. The mean angle was 169.2° ± 114.8° for 
nesting bluegills and 37.0° ± 44.3° for non-nesting 
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bluegills (Fig. 11).
There was a significant difference between the 

mean angle before, during, and after sound playback 
for non-nesting bluegills in SF trials [F(2,25)=4.503, 
p<0.05] and in LI trials [F(2,35)=3.365, p<0.05] 
(Fig. 12). The mean angle of non-nesting bluegills 
in SF trials was 26.1° with an unreliable confidence 
interval due to sample size before, 278.0° ±88.8° 
during, and 51.3° ± 75.8° after sound playback and 
LI trials was 44.5° ± 42.5° before, 319.2° ±61.0° 
during, and 322.9° ± 316.2° after sound playback. 
There was no significant difference in mean angle 
before, during, or after sound playback for nest-
ing bluegills in SF trials [F(2,21)=0.825, p=0.452] 
nor nesting bluegills in LI trials [F(2,15)=0.797, 
p=0.469].

Figure 12.
Orientation of non-nesting bluegills in A) SF trials before 
(N=3), during (N=9), and after (N=16) sound and B) LI 
trials before (N=7), during (N=16), and after (N=15) 
sound playback. The ray represents the mean angle with 
a 95% confidence interval where the LI trial after sound’s 
confidence interval overlapped and was not displayed, 
and the blue dots represent individual bluegill’s average 
orientation.

Figure 13.
Circular histograms displaying the orientation of nest-
ing (N=6) and non-nesting bluegills (N=7) before sound 

playback in LI trials. The ray represents the mean angle 
with a 95% confidence interval, and the height of the blue 
bars represent number of angles.

There were significant differences in angle 
distribution during LI trials between nesting and 
non-nesting bluegills before (W=15.97, p<0.001) 
(Fig. 13), during (W=35.973, p<0.001), and after 
(W=12.707, p<0.01). For the before sound periods 
of the LI trials, the mean angle of nesting bluegills 
was 5.3° ± 47.0° and of non-nesting bluegills was 
17.3° ± 24.8°. There was not a significant differ-
ence in angle distribution during SF trials between 
nesting and non-nesting bluegills before (W=0.092, 
p=0.955), during (W=3.793, p=0.15), or after 
(W=0.941, p=0.625) sound playback.

Discussion
In this experiment, the effect that boat motor 

playback had on nesting and non-nesting bluegills’ 
behavior and their orientation relative to the speaker 
was examined. We predicted that bluegills would 
flee during boat motor playback but if they did not, 
that they would orient towards the speaker. Neither 
nesting bluegills nor non-nesting bluegills fled 
from the speaker during sound playback; instead, 
non-nesting bluegills entered the camera frame. 
Non-nesting bluegills in SF and LI trials were the 
only groups that had a significant difference in mean 
angle between before, during, and after sound play-
back periods but did not increase orientation to the 
speaker during sound playback.

 Using remote UBUV allowed fish to be 
observed with less disturbance than SCUBA or 
snorkeling, and while placement of the UBUV can 
disturb their natural behavior, fish appeared to adjust 
to the camera system quickly (Cappo et al., 2013; 
Watson et al., 2005; Cooke et al., 2008).

Fish Presence
Contrary to the prediction that bluegills would 

flee during sound playback, non-nesting bluegills 
appeared attracted to the sound since their presence 
increased once sound was played. While statisti-
cally there was no difference in the amount of blue-
gills in frame between before, during and after boat 
motor playback, the number of non-nesting bluegills 
had a significant positive relationship with increas-
ing time into the sound period. This indicates that 
once sound was played, the presence of non-nest-
ing bluegills increased. Also affecting the number 
of non-nesting bluegills was the presence of nesting 
bluegills which had a significant negative relation-
ship. Incorporating time into sound period and the 
number of nesting bluegills present would provide a 
better evaluation of how non-nesting bluegills react 
to boat motor playback. 
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In contrast to Mensinger et al. (2018) where a 
physical boat was used with Australian snappers 
whose incentive to stay was food, the current study 
and MacLean et al., (2020) used boat motor record-
ings with fish whose incentive was to protect their 
offspring. Incorporating the effects of the physical 
presence of the motor would better replicate what 
freshwater fish experience from recreational boat 
use and might cause different changes in fish behav-
ior than those observed (MacLean et al., 2020). 
Bluegills did not leave the frame, unlike the marine 
Australian snapper in unprotected marine areas 
which fled or reduced foraging during the motor-
boat passing (Mensinger et al., 2018). This lack of 
abandonment could be explained for the nesting 
bluegills based on parental investment theory if 
the offspring in the nest were more valuable than 
the guarding male (Cooke et al., 2008; Williams, 
1966). However, it is unlikely for the nesting blue-
gill that the difference in response compared to the 
Australian snapper was because of difference in 
incentive since non-nesting bluegill with no appar-
ent incentive did not flee during sound playback 
either. Alternatively, bluegills may have habituated 
to boat motor sound as a nonthreatening stimulus 
(MacLean et al., 2020). While nest residency time 
of the smallmouth bass in MacLean et al. (2020) 
decreased as the speaker came closer, nesting blue-
gill did not leave close proximity (<1 m) of their 
nest, and the speaker was within a meter during all 
trials. More precise measurements of bluegill nest 
residency would be needed to directly compare the 
two reactions and investigate this behavior.

Orientation to Speaker
Bluegills did not tend to orient towards the 

speaker during boat motor playback. Since the mean 
angle of non-nesting bluegills before the first sound 
playback was 37.0°, it is likely that the non-nest-
ing bluegills partially oriented towards the speaker 
because it was a foreign object or for the structure 
the UBUV provided. In comparison, nesting blue-
gills did not appear to orient towards the UBUV 
structure before sound playback.

Although non-nesting bluegills in SF and LI 
trials had a significant difference in mean angle 
orientation between before, during, and after sound, 
the absolute angle deviation from the speaker did not 
show a clear trend in SF trials and remained fairly 
consistent in LI trials. The number of non-nesting 
bluegills increased during and after sound playback 

— from 3 before sound to 9 during sound to 16 after 
sound in SF trials and 7 before sound to 16 during 
sound to 17 after sound in LI trials. The changes in 
angle could be caused by the influx of the number 
of fish in frame during and after sound playback 

if the fish new to the frame had different orienta-
tion than the original fish. If this was the case, then 
the non-nesting bluegills in LI trials may not have 
reacted to the sound by changing their orientation as 
significantly as the mean angles suggest. To reduce 
the effect of incoming bluegills, the same bluegills 
would need to be observed in each segment. In 
general, bluegills did not orient towards the speaker 
during sound playback. 

During LI trials, a difference in behavior is 
observed between nesting and non-nesting blue-
gills. Although they had similar mean angles, nest-
ing bluegills had a greater variance in orientation 
angle than non-nesting bluegills. This is likely due 
to the turning and nest rim circling behaviors that 
nesting bluegills exhibit (Avila, 1976; Cooke et al., 
2008).

Conclusion
Bluegills, both nesting and non-nesting, did 

not flee from the boat motor playback. Instead, 
non-nesting bluegills appeared attracted to the area 
near the sound, although the results do not indi-
cate an increase in orientation to the speaker during 
playback. Nesting bluegills had more variation in 
orientation than non-nesting bluegills which indi-
cates energy devoted to nest vigilance via turning. 
While bluegills did not abandon their nests during 
boat motor playback, it is possible that boat motor 
sound detrimentally affected other behaviors related 
to reproductive fitness not measured in this study 
such as time spent rim circling, time spent fanning, 
pectoral fin beat rate, or number of defensive darts.
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