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EXECUTIVE SUMMARY 

 That boats cause behavioral changes in marine mammals is well established. Behavioral 

responses to boats include increases in swimming speed, changes in swim direction and dive 

patterns, and/or reductions in foraging time. While many of these behavioral changes have been 

documented in cetaceans, there have been considerably fewer studies focused on sirenians. The 

Florida manatee, a federally threatened species, is particularly vulnerable to the presence of 

boats. In addition to injury and mortality from vessel strikes, the noise produced by boats has the 

potential to disrupt feeding behavior, which could lead to possible population level 

consequences. 

 This project examines the relationship between boat noise and the time spent feeding by 

the Florida manatee using acoustics. The acoustic data from this project came from a 

collaborative study of researchers from Duke University, Florida State University, the Florida 

Fish and Wildlife Conservation Commission, and Woods Hole Oceanographic Institute. The 

original data was collected from 2007 to 2008 in the Charlotte Harbor National Estuary, FL in 

which researchers tagged 18 manatees and obtained acoustic and behavioral records using a 

digital acoustic recording tag (DTAG).  

 DTAG data were analyzed using an acoustic auditing process in MATLAB. Boat noise 

start and end, peaks in boat noise (subjective), the start and end of manatee chewing sounds, and 

manatee vocalizations were noted. Only audits from female manatees during daytime hours were 

used for the current analysis. Calculations of chewing bout duration and inter-bout interval were 

performed and used as indications of feeding behavior. Periods of boat noise overlapping with 

chewing noise were identified for analysis. All statistical analysis was performed using JMP 

software.  

Among individual manatees, there were statistically significant differences in chewing 

duration and in the inter-bout interval. Manatees also showed statistically significant differences 

in bout duration and in the inter-bout interval during different times of day. In order to determine 

if boat noise affected chewing bout and/or the inter-bout interval, a nonparametric Wilcoxon test 

was used to evaluate feeding behaviors that had boat noise interference to those that did not. For 

the data of all female manatees combined, bout duration and the inter-bout interval were found to 
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be insignificant. However, when this test was applied to individual manatees, some individuals 

showed significant differences in the duration or inter-bout interval.   

 The analysis of chewing bout duration and the inter-bout interval allows us to gain a 

small amount of insight into the behavioral repercussions of boat noise on the feeding behavior 

of the Florida manatee. However, this study was subject to a number of limitations that could 

have affected the results of this study.  

 Future research on the effects of boat noise on the feeding behavior of the Florida 

manatee is needed. Noise from vessels has the potential to alter manatee activity budgets, 

possibly impacting their ability to feed and meet their appropriate nutritional requirements. This 

could have important implications for management, especially in the case of female manatees, as 

those that do not have enough energy to support themselves cannot support calves, which could 

potentially affect reproductive output. A better understanding of this interaction is useful in 

improving existing environmental policies to improve the management and conservation of the 

species.  
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Introduction 

 The Florida manatee (Trichechus manatus latirostris), is one of two extant subspecies of 

the West Indian manatee (Trichechus manatus). The Florida manatee has a year-round 

distribution in peninsular Florida, however during the warmer months of March to November, 

manatees have also been located in the more northern states of Georgia, South Carolina, North 

Carolina, and Virginia (Deutsch, Self-Sullivan & Mignucci-Giannoni 2008). Some manatees 

have even been recorded as far north as Rhode Island and New York (Deutsch, Self-Sullivan & 

Mignucci-Giannoni 2008). This species may also disperse west along the Gulf Coast, into the 

neighboring states of Alabama, Mississippi, Louisiana, and Texas (Deutsch, Self-Sullivan & 

Mignucci-Giannoni 2008).  

 Under the West Indian manatee, the Florida manatee was listed as “endangered” as a part 

of the Endangered Species Act of 1973 (ESA). In the 1970’s, it was estimated that only a few 

hundred individuals of the Florida manatee remained (USFWS).  However, in May of 2017, the 

U.S. Fish and Wildlife Service reclassified the West Indian manatee from endangered to 

threatened under the ESA (82 FR 16668). This reclassification comes about as new population 

estimates suggest that the Florida subpopulation alone has 6,350 individuals (Martin et al. 2015).  

However, the down-listing of the Florida manatee does not signal that the species is free 

from harm. The Florida manatee is currently threatened from watercraft collisions, red tide 

events, warm water refugia loss, water-control structures, and marine debris (Runge 2017). Of 

these threats, three contribute in almost equal measures to the risk of extinction. These include 

loss of warm-water habitat, mortality from red-tide events, and watercraft-related mortality 

(Runge 2017). Furthermore, a recent study by the U.S. Geological Survey (USGS) and the 

Florida Fish and Wildlife Conservation Commission (FWC), found that “only an increase in 

watercraft-related mortality could substantially increase the risk quasi-extinction at the statewide 

or coastal level” (Runge 2017).  

 Watercraft collisions are certainly a problem in Florida. Florida has the highest 

percentage of registered recreational boats in the United States, totaling 918,255 registered in 

2017 (USCG). Mortality resulting from boat collisions makes up an estimated 25% of all 

reported deaths to manatees and is responsible for the death of about 54% adult manatees with a 

known cause of death (Rycyk et al. 2018). In 2018, a new record for deaths to manatees by boat 



5 
 

collisions for the year was set, totaling 119 manatees (Ellenbogen 2019). Additionally as 

Nowacek et al. (2004) point out, the documentation of mortalities is only a minimum estimate of 

the direct impact of boats on manatees, as it does not take into consideration animals that 

survived a boat strike or those carcasses that were never recovered.  

Manatee Hearing Ability 

Although there has been some controversy over peak hearing sensitivity in manatees, 

multiple behavioral studies have concluded that manatees are able to detect and respond to 

approaching boats (Rycyk et al. 2018, Nowacek et al. 2004, Miksis-Olds et al. 2007b).  

A 2009 study by Mann et al. found that manatee tonal hearing thresholds are usually near 

or below the natural ambient noise spectrum level over a large frequency range from 8-40 kHz. 

In order to adjust audiogram thresholds to estimate broad-band detection thresholds, the study 

used the critical ratio as an estimate of the auditory bandwidth of a manatee (Mann et al 2009). 

After adjustment, broad-band thresholds were suggested to be below natural ambient levels, 

between 2-40 kHz (Mann et al. 2009). It has been known that the just detectable increment in 

sound levels for broadband noise in humans is less than 2 dB (Mann et al. 2009, Rycyk et al. 

2018). Using this information, Mann et al. (2009) states that “assuming that manatees have 

similar just detectable increments in noise levels, one can judge from a spectrogram whether 

manatees can detect a boat. For frequencies above 2 kHz, if a boat signal can be seen on a 

spectrogram, it is likely that a manatee can hear it.” This visual identification of boat noise from 

a spectrogram can be used as an estimate of a manatee’s detection of the start and end times of a 

boat pass (Rycyk et al. 2018). This is possible because boat noise is a broadband signal and 

typically extends above 2 kHz, which is needed for identification (Rycyk et al. 2018).   

Additionally, Mann et al. (2009) estimated that “a manatee should be able to hear a boat 

traveling at idle (5.1 km/h [3.2 mph]) or slow (11.3 km/h [7.0 mph]) speed at least 40 s 

(corresponding to a distance of at least 57 m and 125 m, respectively) before the closest point of 

approach, even if the manatee were at the surface where sound amplitudes are substantially 

attenuated” (Rycyk et al. 2018).  
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Behavioral Responses to Boats 

 It is well known that marine mammals will respond behaviorally to boats. Amongst 

cetaceans, there have been a number of behavioral responses to boats recorded including a 

reduction in foraging time (Dans et al. 2008, Williams et al. 2006), increase in swimming speed 

(Nowacek et al. 2004), and changes in swim direction (Nowacek et al. 2001, Williams et al. 

2002). Behavioral changes in sirenians, however, have been less well documented.  

 Sirenians will also respond to boats. This response in manatees typically begins when a 

boat is located 25 to 50 meters away from the animal (Nowacek et al. 2004). In these situations, 

manatees have been found to exhibit a flight response, in which they will increase their 

swimming speed and orient themselves towards deeper water (Nowacek et al. 2004). Manatees 

have also been documented exhibiting significantly higher rates of change in depth, heading, roll, 

and fluking behavior in close boat passes of less than 50 meters (Rycyk et al. 2018). In boat 

passes where the boat passes < 10 meters from the manatee, behavioral changes were found to be 

the most pronounced (Rycyk et al. 2018). Miksis-Olds et al. (2007b) also found that manatees 

increased their swimming speed, changed behavioral state, and exhibited greater variability in 

respiration rate during boat passes.  

Other sirenians, such as dugongs, have also been found to react to boats. For example, 

Hodgson and Marsh (2006) found that dugongs were less likely to continue feeding if a boat 

passed within 50 meters. In the study, dugongs were found to have a delayed, short-term 

response to boats. Other studies have also linked nocturnal feeding behavior in dugongs as an 

adaptive response to human disturbance (Ichikawa et al. 2006 and Anderson and Birtles 1978). 

This is because manatees feeding after dark or at night likely experience less human-related 

disturbance and are therefore subject to a smaller amount of anthropogenic noise (Miksis-Olds 

and Wagner 2011).  

Noise Effects on Foraging 

 While vessel noise has been known to cause a reduction in foraging time in cetaceans and 

dugongs, this relationship has been less clear with manatees. In general, manatees tend to select 

habitat sites that have lower noise levels (Miksis-Olds et al. 2007a). Additionally, Miksis-Olds et 

al. (2007a) found that grassbed usage by manatees was negatively correlated with boat presence 
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in the morning hours, and suggested that boat presence and its associated noise level may 

influence the use of foraging habitat. In another study, Miksis-Olds et al. (2007b) found that 

approaches by fast moving vessels resulted in a disruption of feeding activity and in some cases 

even a short-term avoidance of the feeding area.  

 However, in 2008, another study found that while the proportion of time manatees spent 

feeding, milling, and traveling changed as a function of noise level, more time was spent feeding 

and traveling when noise levels were highest (Miksis-Olds 2008). Then later in 2011, a study by 

Miksis-Olds and Wagner (2011) found that manatees feeding in grass beds actually did not 

immediately abandon an area in high noise conditions. Instead, manatees engaged in more 

fitness-enhancing behaviors such as feeding, and spent less time milling and socializing. 

However, it is important to note that this study did not distinguish between natural and 

anthropogenic noise.  

Later, a study by Rycyk et al. (2018) found that manatees engaged in a feeding behavior 

were associated with a greater probability and higher rate of heading change during a boat pass. 

Rycyk et al. (2018) also found that manatees who had been recorded as chewing at the start of a 

boat pass made more changes in their heading than those manatees that had not been feeding. 

Manatees were also found to be much more likely to make a marked behavioral change during a 

boat pass if a boat approached within 10 meters of the manatee (Rycyk et al. 2018). Therefore, it 

is likely that a variety of factors contribute to behavioral responses in manatees from boat noise.  

Diet and Foraging  

 The Florida manatee is an obligate herbivore. The species is considered to be a generalist 

feeder and is known to consume approximately 60 different species of vegetation such as 

seagrasses, algae, and hydrilla in both fresh and saltwater environments (Hartman 1979, Alves-

Stanley et al. 2010). The diet of the Florida manatee also appears to vary by both regional 

location and by season (Reich and Worthy 2006). The Florida manatee tends to increase feeding 

before the winter while the lowest levels of feeding have been observed during the spring 

(Bengston 1983).  
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Methods 

The acoustic data used for this project came from a multi-agency study of manatee 

response to boats conducted by Dr. Athena Rycyk (dissertation research, Florida State 

University), Dr. Charles Deutsch (PI- Florida Fish and Wildlife Research Insititute), Dr. Doug 

Nowacek (PI- Duke University), Margie Barlas (field coordinator), Stacie Koslovsky (database 

manager), Katherine Frisch (aerial observer) of the FWC, and Dr. Tom Hurst (marine engineer) 

of the Woods Hole Oceanographic Institution (WHOI) (Flora 2012). 

Study Area 

 The data collection for this project took place in southwestern Florida within the 

Charlotte Harbor National Estuary which experiences heavy boat traffic in the summer months 

(Rycyk et. al 2018). Manatees were captured and tagged in Lemon Bay in 2007 and in Placida 

Harbor and Gasparilla Sound in 2008. 

 

Figure 1. CREDIT: RYCYK ET AL. 2018. Map of study area.   
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Manatee Captures 

 Data was collected over two field seasons. The first from July-September of 2007 and the 

second from April-June of 2008 (Rycyk et al. 2018). Field work was conducted under USFWS 

permits #MA773494-8 and #MA773494-9 (Flora 2012). Manatees were captured using standard 

open-water capture techniques, while avoiding females with calves (Rycyk et al. 2018). After 

being captured, the manatee underwent a medical examination to determine its health status 

before being tagged (Deutsch et al. 2009). Then the manatees were fitted with a belt, tether, GPS 

tag, and DTAG (Rycyk et al. 2018). Before release, the manatee’s sex, length, weight, girth, and 

scar pattern were all recorded (Flora 2012). 

 Over the course of these two field seasons, a total of 18 manatees were captured (Flora 

2012). Of these 18 manatees, seven were males and eleven were females, three of which were 

considered pregnant based on presence of enlarged abdomen or distended vulva (Flora 2012). 

One other female showed some external signs of pregnancy, but this conclusion was not 

considered definitive (Deutsch et al. 2009).  

DTAGs 

 Recordings were collected using digital acoustic records tags (DTAGs) designed and 

provided by WHOI (Johnson and Tyack 2003, Rycyk et al. 2018). The larger research project 

used the DTAGs to measure and record temperature and the acoustic environment, as well as the 

heading, roll, pitch, and depth of the tagged manatees (Rycyk et al. 2018). Sound was recorded at 

a 64 kHz sampling rate so that sounds of up to 32 kHz in frequency could be documented with 

the lower end of the range at 100 Hz (Rycyk et al. 2018).  

 DTAGs were programmed to start recording on a Saturday, which was two to three days 

after deployment, so that the manatee would have time to adjust to the tagging gear and to also 

increase the likelihood for boat interactions (Rycyk et al. 2018). The DTAGs then recorded 

between 34 to 48 hours over a period of two to three days (Rycyk et al. 2018). At the end of this 

recording, a programmed mechanical release allowed the DTAG to detach and be recovered 

through the tracking of its very high radio frequency (VHF) signal (Rycyk et al. 2018). Any gear 

not released was retrieved by approaching the manatee by boat or by snorkel and then cutting off 

the belt (Deutsch et al. 2009).   

 During the 2007 field season, DTAGs continuously recorded until the memory was full 

or the tag was recovered and turned off (Flora 2012). This differed from the 2008 field season in 
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which the DTAG included duty cycles that started and stopped recording at different scheduled 

hours until the DTAG ran out of memory (Flora 2012). This duty cycle was implemented to 

increase the amount of recording time during the day when boats were most present (Flora 

2012).  

Acoustic Auditing 

 Specific sounds of interest from the audio recordings of the DTAG were documented 

using MATLAB software. This included noting boat noise start and end, peaks in boat noise 

(subjective), the start and end of manatee chewing sounds, as well as manatee vocalizations. 

Only audits from female manatees were used for analysis. The auditing scripts used in MATLAB 

were written by Dr. Athena Rycyk and Dr. Mark Johnson.  

Analysis Methods 

 In Excel, a database was created that showed the acoustic audit for each female manatee. 

A feeding bout duration was calculated for each animal using the start and end times of chewing 

noise. Calculation of an inter-bout interval (IBI) was done by subtracting the start time of a 

certain chewing bout by the end time of the previous chewing bout.   

Only daytime activities of boat noise and chewing noise were used for analysis. Daytime 

activities were those that occurred during day light hours. Day and night hours were defined 

using the date and location of DTAG deployment and a sunrise/sunset table from 

sunrisesunset.com (Table 1).  
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Tag Manatee Location Date On Date Off Sunrise(s) Time 
Sunset(s) 

Time 

tm07_209a Seven Lemon Bay 7/28/2007 7/29/2007 
6:51 
6:52 

20:20 
20:20 

tm07_223a Little Devil Lemon Bay 8/11/2007 8/12/2007 
6:58 
6:59 

20:11 
20:10 

tm07_223b Dodger Lemon Bay 8/11/2007 8/12/2007 
6:58 
6:59 

20:11 
20:10 

tm07_230a Mayday Lemon Bay 8/18/2007 8/19/2007 
7:02 
7:02 

20:05 
20:04 

tm07_244a Repita Lemon Bay 9/1/2007 9/2/2007 
7:08 
7:09 

19:51 
19:50 

tm07_244b Amazon Lemon Bay 9/1/2007 9/3/2007 

7:08 
7:09 
7:09 

19:51 
19:50 
19:49 

tm07_251a Rambler Lemon Bay 9/8/2007 9/9/2007 
7:11 
7:12 

19:43 
19:42 

tm08_123b Tracer Gasparilla Sound 5/2/2008 5/4/2008 

6:50 
6:49 
6:49 

20:02 
20:02 
20:03 

tm08_124b Tracer Gasparilla Sound 5/2/2008 5/4/2008 

6:50 
6:49 
6:49 

20:02 
20:02 
20:03 

tm08_125b Tracer Gasparilla Sound 5/2/2008 5/4/2008 

6:50 
6:49 
6:49 

20:02 
20:02 
20:03 

tm08_159b Houdini Placida Harbor 6/7/2008 6/8/2008 
6:35 
6:35 

20:21 
20:22 

tm08_160a Snicket Placida Harbor 6/7/2008 6/8/2008 
6:35 
6:35 

20:21 
20:22 

tm08_166a Telemark Placida Harbor 6/14/2008 6/14/2008 
6:35 
6:35 

20:24 
20:24 

tm08_167a Telemark Placida Harbor 6/15/2008 6/15/2008 
6:35 
6:35 

20:24 
20:24 

Table 1. Record of each tagged manatee and corresponding sunrise/sunset time used for 

analysis. Dates represent the day the tag started recording and the day the tag was removed.  

 

Then, the periods of boat noise and chewing noise that overlapped during the daytime were 

extracted for analysis.  

 All statistical analyses were conducted using JMP software developed by SAS. Tests 

were used to evaluate individual differences in the manatees’ bout duration and IBI, differences 
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in chewing bout duration and IBI during periods of boat noise interference and without 

interference, and for differences in feeding behavior per hour.  

Results 

 In order to determine if there are differences in chewing bout duration and in the inter-

bout interval among individual manatees, a nonparametric Kruskal-Wallis test was employed. 

There were significant differences in chewing bout duration (Prob>Chi2 = <0.001) and for the 

IBI (Prob>Chi2 = <0.001) (Tables 2 and 3) (Appendix: Graphs 1 and 2). 
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Table 2 (left) and Table 3 (right). Tables showing manatees that had significant differences in 

chewing bout duration (left) or in the inter-bout interval with corresponding p-value.   

 A nonparametric Kruskal-Wallis test was also used to evaluate differences in chewing 

behavior during different hours of the daytime (Tables 4 and 5) (Appendix: Graphs 3 and 4). In 

testing all eleven manatees combined, there were significant differences in chewing bout 

Name Name p-Value

Telemark Little Devil <0.0001

Telemark Dodger <0.0001

Telemark Houdini 0.0036

Seven Little Devil 0.0003

Mayday Little Devil 0.0012

Telemark Snicket 0.0002

Telemark Seven 0.0015

Repita Little Devil 0.0057

Seven Dodger 0.0019

Telemark Rambler 0.0046

Mayday Dodger 0.0029

Repita Dodger 0.0125

Rambler Mayday 0.028

Snicket Mayday 0.045

Tracer Rambler 0.0223

Tracer Houdini 0.0388

Rambler Amazon 0.0279

Snicket Amazon 0.0136

Tracer Dodger 0.0008

Tracer Repita <0.0001

Tracer Snicket <0.0001

Tracer Mayday <0.0001

Dodger Amazon <0.0001

Tracer Little Devil 0.0002

Little Devil Amazon <0.0001

Tracer Amazon <0.0002

Tracer Seven <0.0003

Tracer Telemark <0.0004

Duration by Manatee

Name Name p-Value

Tracer Little Devil <0.0001

Tracer Telemark <0.0001

Tracer Seven <0.0001

Mayday Little Devil <0.0001

Snicket Seven <0.0001

Repita Little Devil <0.0001

Snicket Little Devil <0.0001

Tracer Amazon <0.0001

Mayday Dodger <0.0001

Snicket Dodger <0.0001

Repita Dodger <0.0001

Tracer Snicket <0.0001

Tracer Rambler <0.0001

Rambler Little Devil 0.0397

Houdini Dodger 0.0487

Rambler Dodger 0.009

Tracer Houdini 0.0025

Tracer Mayday 0.0024

Mayday Amazon 0.042

Seven Rambler 0.0075

Telemark Dodger 0.0078

Seven Houdini 0.0319

Telemark Houdini 0.001

Telemark Rambler <0.0001

Dodger Amazon <0.0001

Telemark Houdini 0.0033

Little Devil Amazon 0.0001

Seven Amazon <0.0001

Seven Repita <0.0001

Telemark Little Devil <0.0001

Seven Mayday <0.0001

Telemark Repita <0.0001

Telemark Amazon <0.0001

Telemark Mayday <0.0001

Telemark Snicket <0.0001

Inter-bout Interval by Manatee
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duration by hour (Prob>Chi2 = 0.0002). For the IBI, there were also significant differences by 

hour (Prob>Chi2 = <0.0001).  

     
Table 4 (left) and Table 5 (right). Table showing times of day that had significant differences 

in chewing bout duration or in the inter-bout interval. Restricted to daytime hours.  

To determine if boat noise affected chewing bout duration and/or the IBI, a 

nonparametric Wilcoxon test was used to test the data of all eleven female manatees combined. 

Level Level p-Value

7:00-8:00 15:00-16:00 <0.0001

8:00-9:00 15:00-16:00 0.0014

7:00-8:00 14:00-15:00 0.0015

9:00-10:00 15:00-16:00 0.0019

7:00-8:00 16:00-17:00 0.0011

7:00-8:00 11:00-12:00 0.0155

7:00-8:00 18:00-19:00 0.0088

8:00-9:00 16:00-17:00 0.0493

7:00-8:00 12:00-13:00 0.0327

7:00-8:00 13:00-14:00 0.0281

17:00-18:00 15:00-16:00 0.0394

15:00-16:00 14:00-15:00 0.0265

15:00-16:00 13:00-14:00 0.0305

12:00-13:00 10:00-11:00 0.0295

8:00-9:00 10:00-11:00 0.048

13:00-14:00 10:00-11:00 0.0201

15:00-16:00 11:00-12:00 0.0284

18:00-19:00 10:00-11:00 0.007

11:00-12:00 10:00-11:00 0.0159

16:00-17:00 10:00-11:00 0.001

14:00-15:00 10:00-11:00 0.0011

15:00-16:00 10:00-11:00 <0.001

Duration by Hour

Level Level p-Value

15:00-16:00 14:00-15:00 0.0005

17:00-18:00 14:00-15:00 0.009

16:00-17:00 14:00-15:00 0.0099

9:00-10:00 8:00-9:00 0.018

9:00-10:00 7:00-8:00 0.0219

15:00-16:00 11:00-12:00 0.0298

19:00-20:00 17:00-18:00 0.0237

6:00-7:00 17:00-18:00 0.0124

19:00-20:00 13:00-14:00 0.0466

9:00-10:00 17:00-18:00 0.0463

6:00-7:00 16:00-17:00 0.0242

14:00-15:00 12:00-13:00 0.0451

19:00-20:00 15:00-16:00 0.0192

9:00-10:00 15:00-16:00 0.0156

6:00-7:00 10:00-11:00 0.0455

6:00-7:00 12:00-13:00 0.0352

7:00-8:00 10:00-11:00 0.004

7:00-8:00 11:00-12:00 0.0063

14:00-15:00 13:00-14:00 0.0055

6:00-7:00 13:00-14:00 0.0075

7:00-8:00 16:00-17:00 0.0004

6:00-7:00 11:00-12:00 0.0389

7:00-8:00 12:00-13:00 0.0012

7:00-8:00 17:00-18:00 0.0004

8:00-9:00 11:00-12:00 0.004

6:00-7:00 15:00-16:00 0.0086

8:00-9:00 10:00-11:00 0.0025

7:00-8:00 13:00-14:00 <0.0001

8:00-9:00 12:00-13:00 0.0005

8:00-9:00 16:00-17:00 0.0002

8:00-9:00 17:00-18:00 0.0002

8:00-9:00 13:00-14:00 <0.0001

7:00-8:00 15:00-16:00 <0.0001

8:00-9:00 15:00-16:00 <0.0001

Inter-bout Interval by Hour
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This compared feeding behaviors that had boat noise interference to those that did not (Table 6). 

Chewing bout duration was found to be insignificant (Prob>Chi2 = 0.0906) as well as the IBI 

(Prob>Chi2 = 0.4035).  

                                                                                                                                       
Table 6. Table showing the Prob>Chi2 value for the bout duration and inter-bout interval for 

periods of boat noise interference compared to those had no interference using the data of all 

eleven female manatees. 

 

Feeding behaviors were also evaluated by individual for boat noise interference (Table 7) 

(Appendix: Graphs 27-37). However, unlike the data for all eleven manatees combined, some 

manatees showed significant differences when comparing chewing behaviors with boat noise 

interference to those behaviors that had no interference.   

Boat Noise Effects on Individual 

Manatee Duration Inter-bout Interval 

Seven 0.0792 0.4843 

Dodger 0.5576 0.9617 

Little Devil 0.0244* 0.0420* 

Mayday 0.0013* 0.694 

Repita 0.7582 0.1081 

Amazon 0.0002* 0.022* 

Rambler 0.2433 0.0033* 

Tracer 0.4397 0.4954 

Houdini 0.8977 1 

Snicket 0.3452 0.7885 

Telemark  0.0024* <0.0001* 

Table 7. Table showing the Prob>Chi2 value of manatees when comparing bout duration and the 

inter-bout interval for periods of boat noise interference compared to those that had no 

interference. Asterisk indicates statistical significance.  

 

The individuals that had significant differences between bout durations that had boat noise 

interference compared to those that did not include Little Devil, Mayday, Amazon, and 

Telemark. In these cases, Little Devil had longer bout durations with no boat interference, and 

Mayday, Amazon, and Telemark had longer durations with boat noise interference. Individuals 

with significant differences between the IBI that had boat noise interference compared to those 

Total Duration Inter-bout Interval

11 0.0906 0.4035

Boat Noise Effects on Manatees
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that did not include Little Devil, Amazon, Rambler, and Telemark. Little Devil had a longer IBI 

with no boat noise interference, while Amazon, Rambler, and Telemark had a longer IBI with 

boat noise interference.  

Further detail on feeding behavior and boat noise interactions is located in the Appendix. 

Graphical representations of bout duration and IBI by individual are found in Graphs 1 and 2. 

Graphs 3 and 4 show bout duration and IBI per hour of all manatees, while graphs 5-26 show 

bout duration and IBI per hour for each individual manatee. Graphical representation of noise 

overlap by individual manatee is available in graphs 27-37.  

Discussion 

 This project looked for measureable effects in the feeding behavior of the Florida 

manatee using two measures of feeding immediately around the time of boat approaches; 

chewing bout duration and the IBI. In using these two measures, we are able to gain some insight 

into the behavioral repercussions of boat noise on the feeding behavior of this species.  

 This study found that significant differences in feeding behavior exist between individual 

female manatees. Highly significant differences were found for both the chewing bout duration 

and for the IBI. This could account for the discrepancies in past studies regarding the feeding 

behavior of this species. This study has thus shown that individual manatees can vary greatly in 

their feeding behavior and it is likely that this could be a factor in how they react to boat noise.  

Additionally, this study found that there are significant differences in feeding behavior 

across different times of the day. This could have implications for management. For example, if 

one wanted to create a protected area where manatees could feed with the least amount of 

disturbance, then one might consider a time-area closure when feeding is known to be at peak 

levels, or when chewing duration is at its longest.  

Results were less clear when analyzing the effects of boat noise on chewing behavior. 

The first test analyzed chewing bout duration and the IBI of all female manatees combined. It 

compared chewing activity that had boat noise interference compared to bouts or intervals with 

no boat noise. This test was found to be insignificant for both bout duration and the IBI. 

However, this result was further complicated by the individual analysis, which sometimes 

produced statistically significant results for bout duration or IBI, or both. Moreover, in the cases 
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of Mayday, Amazon, and Telemark, they actually had longer bout durations in the presence of 

boat noise. Little Devil also showed a longer IBI with no boat noise, showing that this animal 

had larger gaps in feeding periods when they were not interrupted by boat noise.  

While it may seem as though this could be a preliminary indication of habituation, it is 

important to recognize the limitations of this study. This project only measured feeding using 

bout duration and the IBI, which narrowed the scope of analysis. In order to make a more 

conclusive judgement about the relationship between boat noise and feeding behavior of the 

Florida manatee, it is important to consider other factors that could be influencing this type of 

behavioral response.  

Manatees are known to begin to react to the presence of boats when they are located 

between 25 to 50 meters away from the vessel (Nowacek et al. 2014). In this project, a manatee’s 

distance from the boat was not accounted for, and therefore the boat may have been beyond this 

25-50 meter mark which typically incites a response. At such distances, it is actually adaptive for 

a manatee to not reduce or discontinue feeding. This project also could not account for the speed 

of a boat. Smaller, faster moving boats, like those used for recreational purposes, create a louder 

noise environment than those boats moving at a slower speed. It is possible that a manatee may 

not choose to respond behaviorally to boat noise until it reaches a certain level in the 

environment.  

It is also important to consider the behavior and location of the manatee while it is 

engaged in feeding behavior. For example, a feeding manatee could be responding to an 

approaching or passing boat by leaving the area or by changing its position in the water column, 

while still chewing the vegetation it had in its mouth. This reaction could not be accounted for in 

this type of analysis, because the animal would be recorded as still choosing to feed in a period 

of boat noise. Additionally, a manatee that was choosing to feed in an area located near an area 

of heavy boat traffic, such as that of a boat channel, may not be as inclined to react to boat noise 

while it was feeding. In this case, the boats may not be near enough to the area the manatee is 

feeding in for the noise to be enough for the animal to stop or reduce feeding, even if there is 

fairly consistent boat noise throughout the day.    

Perception of danger is another factor that could influence behavior in the Florida 

manatee. In addition to boat speed being a motivating factor for behavioral change, the number 
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of boats in an area could also have an effect on feeding behavior. For instance, a manatee might 

regard the noise of one passing boat as not dangerous enough to change behavior, but the noise 

from multiple boat passes from a number of a different directions could create a threat that is 

large enough to warrant a reaction. This project could not account for the number of boats in an 

area during times of feeding.  

In order to draw a more concrete conclusion about the relationship between feeding and 

boat noise in manatees, a multivariate model such as a generalized additive model, should be 

used to properly account for all of the previously mentioned factors that could not be accounted 

for in this study.  

Conclusions  

 As a threatened species, the Florida manatee population is particularly vulnerable to 

watercraft collisions. While much of the conservation focus on the Florida manatee has been on 

how to avoid and minimize injury from boat strikes, it is also necessary to consider the other 

impacts vessels may be having on this species.  

 Noise from boats has the potential to create a behavioral response in manatees. Miksis-

Olds and Wagner (2011) note that these types of behavioral responses to noise have the potential 

to impact habitat use, physiology, and activity budgets. While this study could not produce 

conclusive evidence that boat presence was negatively impacting the feeding of the Florida 

manatee, it is worthwhile to explore the implications this could have for conservation strategies 

and in species management.  

 In addition to the Endangered Species Act (ESA) and the Marine Mammal Protection Act 

(MMPA), the Florida manatee is also protected by the Florida Manatee Sanctuary Act of 1978. 

The Florida Manatee Sanctuary Act (FMSA) establishes restrictions to “protect manatees from 

harmful collisions with motorboats and from harassment; to protect manatee habitat, such as 

seagrass beds, from destruction by boats or other human activity; and to provide limited safe 

havens where manatees can rest, feed, reproduce, give birth or nurse undisturbed by human 

activity.” (68C-22). The FMSA authorizes FWC to create manatee protection rules. Manatee 

protection rules restrict the speed and operation of vessels in necessary areas to protect manatees 

from harassment and from harmful vessel collisions (“Manatee Protection Zones”). In certain 
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areas with special designated protections, manatee protection rules can limit or even prohibit 

entry into that area as well as restrict what types of activities may be take place in such area 

(“Manatee Protection Zones”).  

 During the creation of a manatee protection rule, a variety of different factors are 

considered. FWC has identified the most important factors as amount and type of manatee use, 

amount and type of boating use, the amount of available habitat, and characteristics of the 

waterway such as depth, visibility and width of the waterway (“Manatee Protection Zones”). 

Other information considered by FWC during the development of these rules includes that from 

available studies of food sources, observations, manatee surveys, and water depths (68C-22). 

 Based on the results of this study, manatees showed significant differences in time spent 

feeding across daylight hours. In order to maximize the effectiveness of manatee protection 

rules, areas that are known to be hotspots for feeding for manatees could be closed for entry 

during specific times of the day. This would help to minimize disturbance from human activity.  

 While this study could not draw a conclusive result on the effects of boat noise on 

feeding behavior of the Florida manatee, it has provided some insight and highlighted that this 

relationship warrants further investigation. Vessel disturbance has the potential to alter manatee 

activity budgets. In the case that noise from vessels is causing a reduction in foraging time, or 

causing manatees to reduce their time spent feeding, there could be a need for crucial changes to 

management. Manatees that experience a reduction in feeding could be in danger of not reaching 

their caloric requirements. This is particularly important for female manatees, as those that do 

not have enough energy may not be able to support themselves or their calves, which has the 

potential to affect reproductive output. A further understanding of this type of relationship is 

critical for a threatened species like the Florida manatee. An improved knowledge of how boat 

noise affects feeding behavior in the Florida manatee is necessary to strengthen and improve 

current conservation strategies and management practices.     
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Appendix 

 

Graph 1. Chewing bout duration in seconds by individual manatee. 

  

Graph 2. The inter-bout interval in seconds by individual manatee.  
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Graph 3. Chewing bout duration in seconds of all female manatees combined per hour.  

       
Graph 4. The inter-bout interval in seconds of all female manatees combined per hour.
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Graph 5. Bout duration of the manatee “Seven” in seconds.  

     
Graph 6. Inter-bout interval of the manatee “Seven” in seconds.  
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Graph 7. Bout duration of the manatee “Dodger” in seconds.  

                   
Graph 8. Inter-bout interval of the manatee “Dodger” in seconds.  
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Graph 9. Bout duration of the manatee “Little Devil” in seconds.  

     
Graph 10. Inter-bout interval of the manatee “Little Devil” in seconds.  
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Graph 11. Bout duration of the manatee “Mayday” in seconds.  

     
Graph 12. Inter-bout interval of the manatee “Mayday” in seconds.  
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Graph 13. Bout duration of the manatee “Repita” in seconds.  

     
Graph 14. Inter-bout interval of the manatee “Repita” in seconds.  
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Graph 15. Bout duration of the manatee “Amazon” in seconds.  

     
Graph 16. Inter-bout interval of the manatee “Amazon” in seconds.  
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Graph 17. Bout duration of the manatee “Rambler” in seconds.   

     
Graph 18. Inter-bout interval of the manatee “Rambler” in seconds.  
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Graph 19. Bout duration of the manatee “Tracer” in seconds.   

     
Graph 20. Inter-bout interval of the manatee “Tracer” in seconds.  
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Graph 21. Bout duration of the manatee “Houdini” in seconds.  

     
Graph 22. Inter-bout interval of the manatee “Houdini” in seconds.  
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Graph 23. Bout duration of the manatee “Snicket” in seconds.  

     
Graph 24. Inter-bout interval of the manatee “Snicket” in seconds.  
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Graph 25. Bout duration of the manatee “Telemark” in seconds.  

     
Graph 26. Inter-bout interval of the manatee “Telemark” in seconds.  
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Graph 27. Overlap from chewing and boat noise recorded from “Seven.”  

     
Graph 28. Overlap of chewing and boat noise recorded from “Dodger.”  
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Graph 29. Overlap of chewing and boat noise recorded from “Little Devil.” 

 

Graph 30. Overlap of chewing and boat noise recorded from “Mayday.” 
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Graph 31. Overlap of chewing and boat noise recorded from “Repita.” 

     
Graph 32. Overlap of chewing and boat noise recorded from “Amazon.” 
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Graph 33. Overlap of chewing and boat noise recorded from “Rambler.” 

     
Graph 34. Overlap of chewing and boat noise recorded from “Tracer.” 
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Graph 35. Overlap of chewing and boat noise recorded from “Houdini.” 

 

Graph 36. Overlap of chewing and boat noise recorded from “Snicket.” 
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Graph 37. Overlap of chewing and boat noise recorded from “Telemark.”
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