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ABSTRACT 
 

USING PASSIVE ACOUSTICS TO MONITOR BOTTLENOSE DOLPHIN (TURSIOPS 
TRUNCATUS) USE OF TWO MILITARY RANGES IN PAMLICO SOUND, NORTH 

CAROLINA 
 

by 
  

Anna-Marie Laura  
May 2009 

 
A passive acoustic monitoring device to detect bottlenose dolphin (Tursiops truncatus) 

presence in two military ranges in Pamlico Sound, NC is being developed by researchers at the 
Duke University Marine Lab.  Potential adverse effects of military activities in these ranges 
include temporary or permanent hearing loss, tissue damage, altered habitat use, and changes in 
behavior.  The real-time passive acoustic monitoring system allows for automated detection of 
bottlenose dolphin whistles and alerts the Marine Core Air Station (MCAS) Cherry Point when 
dolphin whistles are detected.  Passive acoustic monitoring relies on the detection of 
vocalizations, so I conducted focal follows coupled with acoustic monitoring to determine group 
vocalization rates.  Dolphins near the ranges produced at least one detectable whistle in 25% of 
one-minute bins.  Behavioral state and group size affected whistle production, and probability of 
whistle presence was significantly higher for socializing dolphins and groups of 1-2 and 11-20 
dolphins.  I examined focal follow tracks to determine rates of travel and calculated potential 
residence time for dolphins in the range.  The average rate of travel for dolphins in the area was 
0.871m/s, and rate of travel when traveling was significantly higher than any other behavior 
state.  Residence time was also influenced by behavioral state and group size.  The probability of 
whistle production is sufficient for an automated real-time passive acoustic detection device to 
detect bottlenose dolphins.  Results of this study could be used by MCAS Cherry Point to 
establish procedures that will mitigate harmful effects to bottlenose dolphins without sacrificing 
military readiness.  This type of system has potential for use at other coastal military ranges, 
bridge demolitions and other near shore activities posing threats to coastal dolphin populations 
and other marine mammals. 
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INTRODUCTION 
 
 The Marine Corps Air Station (MCAS) at Cherry Point is the largest MCAS on the East 

Coast (MCAS 2001).  This MCAS functions in part as a training facility that includes two 

practice bombing ranges in Pamlico Sound: Bombing Target 9 (BT-9); and Bombing Target 11 

(BT-11) (MCAS 2001) (Figure 1).  Practice exercises using active explosives of up to 100 

pounds of TNT-equivalent are permitted in BT-9, Brant Island Shoal (BT-9 2008).  Planes fly 

over BT-11, Piney Island, simulating bombing exercises, although active ordnances are 

prohibited (BT-9 2008, BT-11 2008).  Previous survey effort in both ranges and their adjacent 

waters revealed year round presence of bottlenose dolphins, Tursiops truncatus (Maher 2003).  

Therefore, training activity in these two ranges may result in the take of bottlenose dolphins 

under the Marine Mammal Protection Act (MMPA). 

 In 1972, the MMPA established a moratorium on the ‘taking’ of marine mammals (16 

USC § 1362 part 101.a).  ‘Take’ is defined as activities that “harass, hunt, capture, or kill, or 

attempt to harass, hunt, capture, or kill any marine mammal” (16 USC § 1362 part 3.13).  The 

term ‘harassment’ was later refined to distinguish between two levels with different potential 

effects.  Level A harassment is “any act of pursuit, torment, or annoyance,” that will injure an 

individual marine mammal or the health of the stock, while Level B harassment disrupts natural 

behavior patterns (16 USC § 1362 part 18).   A separate harassment definition for the military 

and federally funded scientific research changed the definition of Level B harassment to 

disrupting natural behavior patterns of a marine mammal or marine mammal stock, “to a point 

where such behavioral patterns are abandoned or significantly altered” (Kalo 2007)PL 108-136 

part 319).  Natural behavior patterns are considered to be ‘significantly altered’ when the 
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disruption results in demographic consequences to reproduction or survivability of the species 

(Shifflet 2004). 

 Live explosives used in BT-9 could cause takes in the form of harassment, injury or death.  

Anthropogenic noise in either range could cause behavioral disturbances, such as changes in 

directional heading and vocalization rates, as well as physiological damage to auditory tissues 

and hearing thresholds in individual marine mammals (Nowacek et al. 2007).  MCAS Cherry 

Point is currently applying to the Secretary of Commerce for an ‘incidental take’ permit (Rogers 

2008).  Incidental take permits are exemptions to the MMPA and can be issued to the military for 

specific activities, regardless of where the activity takes place or how many takes will result from 

the activity (PL 108-136 part 319).  Acquiring an incidental take permit will bring training 

operations in MCAS Cherry Point into compliance with the MMPA.   

 Visual surveys are conducted from a helicopter prior to training sessions at MCAS 

Cherry Point to search for people or boats in the range, and to avoid taking bottlenose dolphins, 

other marine mammals, or sea turtles.  However, due to turbid and tannic waters, as well as brief 

surfacings, dolphins may be visually undetectable from the air even when they are in the 

bombing ranges.  To further reduce the possibility of taking dolphins, MCAS Cherry Point has 

contracted the Duke University Marine Lab to create a passive acoustic detection system for use 

in BT-9 where live explosives are permitted.  Passive acoustic monitoring can detect vocalizing 

marine mammals in situations where visual observation is inaccurate or is unfeasible (Castellote 

2007).  

 This real-time passive acoustic monitoring system will allow automated detection of 

bottlenose dolphin whistles.  Whistles produced by Atlantic bottlenose dolphins are characterized 

by frequency-modulated narrow-band sounds (Caldwell et al. 1990).  Vocalization rates of 
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bottlenose dolphins are known to vary based on geographic location, group size and activity 

(Jones & Sayigh 2002), so the probability of detecting whistles of dolphins using the ranges is a 

critical determinant of the success of passive acoustic detection.   

Additionally, understanding patterns and rate of travel of dolphins near the ranges is 

important for creating MCAS procedures to follow after whistles are detected.  Establishing how 

long dolphins remain in the range will allow estimation of the total period in which the animals 

are at risk.  If effective, this type of detection system has the potential to be used in other military 

ranges, bridge demolitions and other activities posing threats to coastal dolphin populations and 

other marine mammals. 

 The objectives of my study are to:  

1. Determine the probability that dolphins will produce detectable 

whistles when they are in areas near the bombing ranges,  

2. Determine the rates at which bottlenose dolphin groups travel near the 

bombing ranges and use these rates to estimate potential residence 

time in BT-9,  for groups of dolphins; and  

3. Determine if group size or behavioral state affects the probability of 

whistle presence or the rate of travel.   
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METHODS 

Data Collection: 
I collected data for this study in Pamlico Sound and the Neuse River near BT-11 and BT-

9 between June 2007 and October 2008.  Additionally, between May and August of 2006, in a 

previous effort to document dolphin acoustic behavior, researchers from the Duke University 

Marine Lab (DUML) conducted follows of dolphins just outside the range boundaries.  The R/V 

Caretta and the R/V Isurus served as platforms for these follows.  The R/V Caretta is a 6m long, 

flat bottomed boat with a Yamaha outboard four-stroke 90 horsepower motor.  The R/V Isurus is 

a 6m long, V-hull boat with a Yamaha outboard two-stroke 90 horsepower motor.  During the 

follows researchers used a HTI-96 hydrophone, a 4 kHz high-pass filter (Allen Avionics Inc.) 

and a NOMAD Jukebox3 (Creative Technology Ltd.) to collect acoustic recordings.  Using a 

high pass filter helps reduce noise from the outboard engine in the recording. 

These researchers and I used slightly different methods to collect behavioral and group 

size data.  Due to these differences, I used only data collected between July 2007 and October 

2008 to determine impacts of group size and/or behavior state on the probability of whistle 

production.  Therefore, only sampling methods for those data are described below. 

  Between June 2007 and August 2008, I conducted surveys for dolphins from the R/V 

Caretta.  I launched the Caretta at Salter’s Creek, and began surveys where the creek opened into 

Long Bay, Pamlico Sound.  I intentionally varied the survey route to cover the area from the 

eastern shore of West Bay to the South River, though weather conditions, particularly wind 

direction and wind speed, often dictated the exact route covered (Figure 2).  To conduct follows I 

needed a minimum of one additional crew member, responsible for recording behavioral 

observations and the geographic position of the boat, while I operated the boat and made 

behavioral observations.   
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When we sighted dolphins, we approached to within 30 meters and recorded the time, 

sighting number, location, depth and Beaufort sea state.  Next we chose a focal animal easily 

distinguished from other group members by its dorsal fin.  Although I conducted group follows 

(Mann 2000), the focal animal dictated which subgroup to follow if a group split apart.  I defined 

a group to be all animals within 100m of the boat engaged in similar activities and heading in the 

same general direction (Wells et al. 1987).  After I obtained photo-identification images (Wursig 

& Wursig 1977) for the focal animal and other group members, the follow and acoustic 

recording began simultaneously.   

To collect and save acoustic recordings I deployed a hydrophone off the side of the boat, 

passed it through an Allen Avionics Inc. or Reson high pass filter to reduce engine noise, and 

connected it to one channel of a Fostex FR-2 Field Memory Recorder.  I used either an HTI-96-

MIN series hydrophone (freq. response from 2 Hz - 30 kHz) or an HTI-94-SSQ series 

hydrophone (freq. response from 2 Hz - 30 kHz) to make these recordings.  In addition to using 

paper data sheets to record behavioral observation, I connected a microphone to a second 

channel of the Fostex Field Memory Recorder.  At the start of each survey day I synchronized 

the clock on the Fostex Field Memory Recorder with the time from the hand-held Global 

Positioning System (GPS) unit   

Every five minutes I took a sample point of focal activity state, group activity state, group 

size, group spread in meters, distance from the boat to the closest dolphin in meters, presence of 

other dolphins besides the focal group in range of the hydrophone and depth in feet.  The second 

crew member took a waypoint with the hand-held GPS to record location at each sample point. 

I used predominant activity sampling (Mann 2000) to assign group activity state, and 

assigned behavioral states myself during all focal follows to maintain consistency in the 
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behavioral data.  An ethogram of the behavioral states is found in Table 1.  To allow for 

habituation to the presence of the boat and noise from its engine, I excluded follow data and 

acoustic recordings collected within 30 minutes of the sighting.   

Data Analysis: 
 Lynne Williams, a researcher at DUML, analyzed the acoustic recordings made between 

May and August 2006 using Cornell’s Raven 1.2.  I analyzed acoustic recordings made between 

June 2007 and October 2008 using Adobe Audition 2.0.  We analyzed all recordings visually in a 

spectrogram display and examined each spectrogram, displaying between five and eight seconds 

at a time, for whistles.  In addition, for recordings made from June 2007 to August 2008, I played 

the audible recordings in real time to aid in whistle detection.  I originally intended to count the 

number of whistles in each five minute sample point to determine a whistle rate, but the quality 

of the spectrogram, as well as overlapping whistles, made it difficult to distinguish one whistle 

from another (Figure 3). 

Bottlenose dolphins produce signature whistles, each with distinct acoustic features that 

identify individual dolphins (Caldwell et al. 1990).  These whistles are known to have repetitive 

elements, or loops, often with purposeful silent intervals between the loops (Caldwell et al. 

1990).  Recordings of individual dolphins made during temporary capture-release events indicate 

that interloop intervals are significantly shorter than inter-whistle intervals (means of 0.1s and 

17.1s respectively) for signature whistles (Esch et al. 2009).  The mean interloop interval was 

0.1s; the longest observed interloop interval was 0.3s.   

During my original attempt to count whistles, I used an interval of 0.3s to separate 

sequential whistles with similar contours.  However, when recording a group in the field it 

cannot be assumed that repeating elements constitutes a single signature whistle instead of 
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separate aberrant whistles.  Additionally, bottlenose dolphins are known to produce the signature 

whistles of other dolphins and are capable of mimicking whistles they hear (Caldwell et al. 

1990).  Therefore, it is impossible to determine that the last loop in a whistle, even if separated 

by less than 0.3s, is not a mimic from another dolphin. I observed mimicry, where whistles with 

the same distinct acoustic contour overlap each other, several times in the recordings (Figure 4). 

Due to the high amount of subjectivity involved in counting whistles, I instead divided all 

acoustic recordings into one-minute bins and recorded the presence of whistles as a binary 

variable: 1 for presence or 0 for absence.  I excluded any bins with more than 3s, or 5%, of 

engine noise loud enough to mask whistles (Figure 5).  To determine the probability of whistle 

presence I used all remaining one-minute bins, regardless of behavioral state or group size.   

As previously mentioned, the methods used to collect sample points were not consistent 

over time (Table 2).  Sample points were not taken during follows conducted in 2006, and in 

June of 2007 I collected sample points at uneven intervals.  Between July 2007 and October 

2008, however, I collected sample points every five minutes.  Thus, to determine the impact of 

group size and behavior on whistle probability; I used recordings made when sampling points 

were taken consistently every five minutes.   

Spatial Analysis: 
I used GPS waypoints taken during follows between June 2007 and October 2008 to 

determine rates of travel associated with each sample point and its associated group size and 

behavior state.  Using the point distance tool in the ArcGis 9.3 Analysis toolbox, I determined 

the Euclidean distance between waypoints.  The Euclidean distance is the straight-line distance, 

here the distance between positions of the boat as it was following dolphins.  It is not a measure 
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of total distance traveled by the boat or the dolphins between waypoints.  I divided this distance 

by the number of seconds elapsed between waypoints to estimate a rate of movement.   

In June 2007, I collected sample points at uneven intervals, ranging from one to ten 

minutes.  In July of 2007 I standardized my methods and collected a sample point every five 

minutes.  Therefore, for data collected in June 2007, I only analyzed sample points between 240s 

(4 minutes) and 360s (6 minutes).  If dolphins were more than 50m from the boat at the 

waypoint, I excluded that sample point.  I used the remaining sample points to determine if group 

size or behavior affects the rate of travel and to estimate the average rate of travel, average 

residence time, and residence time for each behavioral state. 

Statistical Analysis: 
To determine if group size or behavior state affected the probability of whistle 

occurrence, I ran logistic regression models assuming binomial error distribution in the statistics 

package ‘R 2.7.0’ (The R Foundation for Statistical Computing 2008).  This analysis treated 

behavior state as a categorical variable, and included observed behaviors of Travel, Rest, Social, 

Probable Feeding and Unknown.  When determining probability of whistle presence, group size 

represented the total number of dolphins within range of the hydrophone. Playback experiments 

performed in the area showed the hydrophone detected sounds produced as far away as 3km, 

therefore I considered any dolphin in visual range of the boat within the range of the hydrophone 

(Read et al. 2007).  I used the minimum number of dolphins at each sample point, because group 

size changed often during some follows and it was the most certain estimate.  I analyzed group 

size as a nominal variable and also categorized it by placing the minimum number of dolphins 

into one of the following bins: 1-2, 3-5, 6-10, 11-20 and >20 (Jones & Sayigh 2002).  For 
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example, I analyzed a group size of 10-12 dolphins as 10 when looking at an index of group size 

or as ‘6-10’ when group size was a categorical variable.   

I ran logistic regressions with the following variable combinations to determine which 

variable or combination of variables best predicted whistle presence: 

• Index of group size (continuous variable) 
• Group size (categorical variable) 
• Behavior (categorical variable) 
• Index of group size and Behavior 
• Index of group size and Behavior and the interaction between the two variables 
• Group size and Behavior 
• Group size and Behavior and the interaction between the two variables 

 
I chose the best-fit model by comparing the Akaike information criterion (AIC) values; 

the lowest AIC value indicates the preferred model.  To identify trends and significant 

differences in whistle probability across behavior states and number of dolphins present, I used 

variable coefficients from the model and their p values.     

Data associated with both behavior state and group size came from seven follows 

occurring on five days.  Group composition remained constant for large portions of several 

follows, creating the possibility that temporal autocorrelation exists in these observations from 

repeatedly sampling the same individuals (Crawley 2005).  In an effort to establish independence 

of errors, I combined every occurrence of five sequential one-minute bins with constant group 

size and behavior state into one sample point and analyzed whistle probability as a proportion.  

Instead of each point having a 1 or 0 for whistle presence, I presented these combined samples as 

proportions, 3/5 for example if whistles were heard in three of the five bins.    I ran logistic 

regression models on these data using the same variable combinations given above and again 

used AIC values to choose the best fit model. 
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Rate of travel (m/s) is a continuous response variable.  To determine if group size or 

behavior state predicted rate of travel, I used the log of the rate of the response variable and ran 

logistic regression models assuming normal error distribution in ‘R 2.7.0.’  This analysis treated 

group size, in this case only the number of animals present in the focal group, as both an index of 

group size, and as a categorical variable.  I ran logistic regression models on these data using the 

same variable combinations given above and again used AIC values to choose the best fit model. 

BT-9 is circular in shape with a 10 nautical mile diameter.  I estimated residence time by 

determining how long it would take dolphins to travel 10 nautical miles when moving at the 

average rate of travel, as well as when moving at the average rate of travel for each behavioral 

state. 
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RESULTS 
 
 Between May 2006 and October 2008 dolphins were observed and recorded on thirteen 

days, resulting in 1489 one-minute bins (Table 3).  Whistles occurred in 382 bins, and the daily 

percentage of bins with whistles ranged from 0%-59% (Figure 6).  The overall probability of 

whistle presence was 0.257 (95% CI=0.235 to 0.280).  I infer from these data that dolphins 

produce a detectable whistle approximately 25% of the time in this area.  

I associated a total of 675 bins between July 2007 and October 2008 with a behavioral 

state and a group size (Table 4).  I found that the combination of categorical group size and 

behavior produced the best-fit logistic regression model (Table 5).  Variable coefficients and the 

associated p-values (significant at < 0.05) resulting from this combination revealed significant 

differences in whistle presence between behavioral states (Table 6) and group size categories 

(Table 7).  Probability of whistle presence was significantly higher during Social behavior than 

any other behavior state.  Probability of whistle presence was also significantly higher when 

behavior was unknown than when dolphins traveled or rested.  Thus, the probability of whistle 

occurrence was higher when socializing than when behavior was unknown, and higher when 

behavior was unknown than when traveling or resting (SO>UK, RE, TR, PF and UK>RE, TR).  

Probability of whistle occurrence was significantly higher for groups of 1-2 dolphins than 

for groups of 3-5 or 6-10 dolphins.  Probability of whistle presence was also significantly higher 

for groups of 11-20 dolphins than for groups of 3-5 or 6-10 dolphins.  (1-2 > 3-5, 6-10  and 11-

20 > 3-5, 6-10).   

When behavior or categorical group size were considered individually as predictor 

variables for probability of whistle presence, the same relationships were significant although the 
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level of significance varied (Table 8 and Table 9).  When considered individually, index of group 

size had a highly significant affect on whistle presence probability (p=2.48e-14). 

 I re-sampled 1189 one-minute bins into 111 five minute sample points to account for 

temporal auto correlation (Table 10).  The index of group size produced the best-fit logistic 

regression model (Table 11), but this predictor was not significant (p=0.4870).  When the model 

considered categorical group size separately as a predictor variable for probability of whistle 

presence the only significant difference between group size categories occurred between 1-2 and 

6-10 dolphins (Table 12).  I observed no significant differences in whistle production among 

behavioral states.  Behavior and categorical group size combined were the best predictors of 

whistle presence for the one-minute bin data, but when the model used these variables as 

predictors in the re-sampled data, no significant relationships emerged.  Although not significant, 

the differences between behavior states and between group size categories matched the trends 

observed in the larger sample. 

 I analyzed two hundred and sixty sample points, taken between June 2007 and October 

2008, to determine how behavior and group size affected rate of travel.  I also used these sample 

points to create an activity budget for dolphins utilizing area near the bombing ranges (Figure 7).  

The average rate of travel for all sample points was 0.871 meters/second 

Table 13).  Average rate of travel was highest for behavioral state Travel and lowest for Social 

and Rest.  Average rate of travel was highest for groups of 11-20 dolphins and lowest for groups 

of 1-2 dolphins.   

The combination of categorical group size and behavior produced the best-fit logistic 

regression model (Table 14).  Rate of travel for Travel was significantly higher than Rest, Social 

and Unknown.  Rate of travel for group sizes of 3-5, 11-20 and 20+ dolphins were significantly 
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higher than rate of travel for groups of 6-10 dolphins.  When the model considered categorical 

group size and behavior individually as predictor variables for rate of travel, the same significant 

relationships were observed although levels of significance changed. 

Estimated residence time in BT-9 at the mean rate of travel (0.871m/s) was 5 hours and 

54 minutes.  Estimates of residence times for individual behavioral states are found in Figure 8.  

Lowest the rates of travel obviously produced high estimates of residence time.  Thus if animals 

socialized as they moved through the range, their estimated residence time would be 8 hours and 

51 minutes.  If animals traveled through the range, the behavioral state observed most often, their 

estimated residence time decreases to 5 hours and 3 minutes.  Residence time calculations 

assume that dolphins move through the range at the longest section (10 nm) and maintain a 

directional heading.  Thus the actual residence times would be lower if animals cross through the 

range on any other trajectories, and higher if they backtrack or change their general heading 

while in the range. 
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DISCUSSION 
 

Passive acoustic monitoring holds considerable promise for detecting the presence of 

bottlenose dolphins in the two MCAS ranges in Pamlico Sound.  The current monitoring system 

employs aerial surveys, which are problematic because dolphins can stay underwater for long 

periods of time, and because poor water clarity prevents detection unless animals are at the 

surface.  Passive acoustic monitoring, however, could be used to monitor the entire range for 

long periods of time, in inclement weather conditions or at night, and does not rely on the 

position of the animals in the water column.   

The probability of detection using passive acoustic monitoring is influenced by whistle 

production and the residence time of dolphins in the range.  Dolphins using areas near the ranges 

produced at least one detectable whistle in 25% of one-minute bins.  Assuming whistle 

production in each bin is independent of whistle production in prior bins, this translates to a 25% 

chance per minute that dolphins in the range will produce a detectable whistle.1  Under this 

assumption I calculated the probability, that at least one bin will have whistles present over 

various periods of time.  This is the probability of detection over time.  I found the probability of 

detection reached 95% after only 11 minutes (Figure 9). 

 Whistle production varied with behavior state and group size.  I found a significantly 

higher probability of whistle production during social behavior, which is consistent with findings 

in other areas (Jones & Sayigh 2002, Quick & Janik 2008) and supports the hypothesis that 

whistles function in social communication (Caldwell et al. 1990).  Whistle probability was also 

high for Unknown behavior, which was characterized by non-directional movement.  Social 

                                                
1 Given the variation in percentage of bins with whistles per survey day, 0-52%, this assumption may be violated 
and I am continuing data analysis to determine how whistle production in previous bins affects probability of whistle 
presence. 
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behavior, also characterized by non-directional movement, had a similar, low rate of travel to 

Unknown.  The high whistle probability for the Unknown behavioral state would be explained if 

some of the sample points assigned Unknown were actually social interactions that went 

unobserved because it took place underwater.  The relatively high probability of whistle 

production in small groups of 1-2 dolphins may be explained because these occurrences were all 

mother/calf pairs.  Mother/calf pairs may either whistle less to avoid predation (Jones & Sayigh 

2002) or whistle more to maintain contact (Caldwell et al. 1990, Quick & Janik 2008).  It seems 

likely that in the Neuse River, where visual cues are hindered by lack of water clarity, 

mother/calf pairs whistle more often to maintain contact. 

 In addition to whistle production, residence time of dolphins in the ranges will affect the 

probability of detection.  The rate of travel used to calculate residence time measured how far 

dolphins moved in five minutes, regardless of the route they took to get there.  It does not 

account for change in direction, or backtracking that occurs after that time.  Extrapolating this 

rate of travel to determine residence time requires the unlikely assumption that dolphins move 

through the range in a linear fashion.  Despite this assumption, the differences in estimates of 

residence time show how behavior state will impact probability of detection.  If dolphins are 

socializing or resting as they move through the range, the residence time increases, exposing 

them to the potentially harmful effects of training exercises for a longer period of time.  As 

residence time increases, however, the probability of whistle detection increases.  Residence time 

would also increase if dolphins were resting in the range.  However, resting behavior I observed 

in the areas near BT-11 occurred in sheltered areas and bays, features that are not found in BT-9 

where the device will be located and the live explosives are dropped.   
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MCAS Cherry Point is not required to stop training sessions when dolphins are detected 

but in an effort to avoid takes MCAS Cherry Point could delay the start of a training session or 

reschedule it to another time if whistles are detected.  The results from this study will allow the 

MCAS to establish how long they should wait between detection and resumption of bombing 

practice to decrease the chance of taking dolphins.  In an effort to understand how this might be 

done I examined how the probability of detection over time is influenced by whistle production.   

To examine how probability of detection over time varied with behavioral state and 

group size, I first calculated whistle presence probability for each behavioral state when group 

size was 6-10 and 11-20 dolphins  (Table 15).  I used the largest group size categories observed 

because previous survey effort in and directly around the bombing ranges found the average 

group size to be 26.1 dolphins (Maher 2003).  I also chose these categories because they had 

disparate probabilities of whistle production and rates of travel.  I used the resulting whistle 

presence probabilities, to calculate probability of detection over time for the behavioral states 

Social, which had the highest probability of whistle presence, Rest, which had the lowest 

probability of whistle presence, and Travel, the behavior I observed most often (Figure 10 and 

Figure 11).  For both group sizes, the highest probability of whistle detection occurred during 

social behavior, and social behavior took the least amount of time to achieve a 95% chance of 

detection.  Also groups of 11-20 dolphins took less time to achieve a 95% chance of detection 

than groups of 6-10 dolphins, because the probability of whistle presence was higher in the larger 

groups.  In the most likely scenario, when a group of 11-20 dolphins traveled through the range, 

it took just 10 minutes to reach a 95% chance of detection.   

MCAS Cherry Point will decide how to respond after dolphins are detected in the range.  

For example, a wait time of 73 minutes after whistles are first detected (the time it takes a resting 
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group of 6-10 dolphins to reach a 95% chance of detection) would greatly reduce the risk of 

taking dolphins, but such a big period may be unpractical.  A wait time of 15 minutes would be 

long enough to detect a group of 11-20 dolphins, when engaged in any behavioral state, even 

resting.  Groups of that size are most common near the ranges (Maher 2003).  Fifteen minutes is 

also long enough to reach a 95% chance of detection for a socializing group of any size and the 

average sized group moving through the range.  In a previous survey effort, BT-9 had a mean 

daily occupancy of 0.17 sightings per day (Maher 2003), so if a second whistle is detected after 

the first, it is not likely to be a second group entering the range.  Detecting a second whistle 

during a 15 minute wait time would mean the group is still present and the wait time should be 

started over again.   
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CONCLUSION 
 
 The probability of whistle production is sufficient for an automated real-time passive 

acoustic detection device to detect bottlenose dolphins in two bombing ranges controlled by 

MCAS Cherry Point.  Patterns of movement identified in this study will assist the MCAS Cherry 

Point in reducing harmful effects of training activities on bottlenose dolphins.  The automated 

passive acoustic detection device being created for BT-9 is the first of its kind and the 

technology it employs has potential for use in other military ranges that pose threats to marine 

mammals.  Cooperation between the military and scientists can lead to innovative technologies 

and procedures that decrease threats to marine mammals without sacrificing military readiness. 
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List of Tables 
Table 1. 

Table 2. Description of various follow methods across survey days when follows occurred and 
which data I used in analysis of probability of whistle presence, rates of travel, and affect of 
behavioral state and group size on whistle presence. 

Date Method

Probability of 

whistle 

presence

Rate of travel

Affect of 

group size 

and behavior 

on whistle 

presence

5/13/2006

5/24/2006

5/31/2006

8/19/2006

6/12/2007

6/18/2007

6/26/2007

7/3/2007

7/14/2007

7/24/2007

9/28/2008

10/212008

A
L
L

Acoustic 

recordings; no 

behavioral 

sampling points

A
L
L

Acoustic 

recordings; 

behavioral 

sampling points 

taken at uneven  s
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lin
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p
o
in

ts
 

b
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tw
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e
n
 4

 

a
n
d
 6

 

m
in
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s

Acoustic 

recordings; 

behavioral 

sampling points 

taken every 5 

minutes

A
L
L
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Table 3. The number of bins with whistles per survey day when follows occurred. 

Survey Days 

with follows

# of 1 

minute 

bins

bins with 

whistles

% bins 

with 

whistles 

5/13/2006 134 37 27.6

5/24/2006 33 0 0.0

5/31/2006 84 50 59.5

8/19/2006 49 1 2.0

6/12/2007 146 69 47.3

6/18/2007 194 92 47.4

6/26/2007 97 25 25.8

7/3/2007 208 28 13.5

7/14/2007 111 0 0.0

7/24/2007 269 22 8.2

9/28/2008 116 45 38.8

10/212008 48 13 27.1

total bins 1489 382 25.65

Table 4. Number of bins associated with each behavioral state and group size category. 
TR RE SO PF UK TOTALS

1-2 0 0 0 0 10 10

3-5 158 9 5 10 58 240

6-10 216 88 21 5 58 388

11-20 22 0 0 0 15 37

TOTALS 396 97 26 15 141 675  

Table 5.  AIC values from logistic regression models using different combinations of variables to 
predict probability of whistle presence.  The model with the best fit is highlighted in yellow. 

Whistle Probability Predictors AIC Value

Index of group size 487.09

Categorical Group size 460.61

Behavior 439.98

Index of group size and Behavior 441.62

Interaction between Index of Group Size and 

Behavior 457.34

Index of group size and Behavior and the 

interaction between the two variables 438.81

Categorical Group size and Behavior 421.67

Categorical Group size and Behavior and the 

interaction between the two variables 421.77

Interaction between Categorical Group Size 

and Behavior 421.77  
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Table 6. Differences in probability of whistle presence between behavioral states, when both 
categorical group size and behavior state are used as response predictors.  P-values are given 
when categories are significantly different (p < 0.05). 
 

TR RE SO UK PF

TR X

RE not significant X

SO p=1.11e-10* p=3.62e-07* X

UK p=0.00245** p=0.02660** p=2.97e-05* X

PF not significant not significant p=0.00979* not significant X

* whislte probability when Socializing was significantly higher than when Traveling, Resting, Probably Feeding or when 

behavior was Unknown.

**Whistle probability when behavior was unknown was significanlty higher than when behavior was Traveling or Resting.

 

Table 7. Differences in probability of whistle presence between group size categories, when both 
categorical group size and behavioral state are used as response predictors.  P-values are given 
when categories are significantly different (p < 0.05). 

1-2 3-5 6-10 11-20

1-2 X lower p=0.00320 lower p=0.00133 not significant

3-5 higher p=.003197* X not significant higher p=0.000157

6-10 higher p= 0.00133* not significant X higher p= 2.08e-05

11-20 not significant lower p=0.000157** lower p=2.08e-05** X

* whislte probability for groups of 1-2 dolphins were significantly higher than groups of 3-5, and 6-10 

dolphins 

**whistle probability for groups of 11-20 dolphins were significanlty higher than groups of 3-5, and 6-10 

dolphins
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Table 8. Differences in probability of whistle presence between behavioral states, when only 
categorical behavior is used as a predictor of whistle presence.  P-values are given when 
categories are significantly different (p < 0.05). 
 

TR RE SO UK PF

TR X

RE not significant X

SO p=8.02e-10* p=3.04e-07* X

UK p=1.30e-05** p=0.000840** p=0.000987* X

PF not significant not significant p=0.0117* not significant X

* Whistle probability when Socializing was significantly higher than when Traveling, Resting, Probably Feeding or when 

behavior was Unknown.

**Whistle probability when behavior was unknown was significanlty higher than when behavior was Traveling or Resting.

 

Table 9. Differences in probability of whistle presence between group size categories, when only 
categorical group size is used as a predictor of whistle presence.  P-values are given when 
categories are significantly different (p < 0.05). 
 

1-2 3-5 6-10 11-20

1-2 X

3-5 p=0.000131* X

6-10 p=4.94e-05* not significant X

11-20 not significant p=9.57e-05** p=1.16e-05** X

* Whistle probability for groups of 1-2 dolphins were significantly higher than groups of 3-5, and 6-10 

dolphins .

**whistle probability for groups of 11-20 dolphins were significanlty higher than groups of 3-5, and 6-10 

dolphins.  
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Table 10. The number of five-minute sample points associated with each behavioral state and 
group size category after re-sampling the one-minute bins to account for auto correlation in the 
data. 

TR RE SO PF UK TOTALS

1-2 0 0 0 0 2 2

3-5 27 1 1 2 9 40

6-10 35 16 3 1 8 63

11-20 3 0 0 0 3 6

TOTALS 65 17 4 3 22 111 

Table 11.  AIC values from logistic regression models using different combinations of variables 
to predict probability of whistle presence in the re-sampled data.  The model with the best fit is 
highlighted in yellow. 

Whistle Probability Predictors AIC Value

Index of group size 70.667

Categorical Group size 71.981

Behavior 73.02

Index of group size and Behavior 74.512

Interaction between Index of Group Size and 

Behavior 94.06

Index of group size and Behavior and the 

interaction between the two variables 81.971

Categorical Group size and Behavior 77.123

Categorical Group size and Behavior and 

the interaction between the two variables 81.971

Interaction between Categorical Group Size 

and Behavior 81.971  
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Table 12. Differences in probability of whistle presence between group size, when only 
categorical group size is used as a response predictor for the re-sampled data.  P-values are given 
when categories are significantly different (p < 0.05). 

1-2 3-5 6-10 11-20

1-2 X

3-5 not significant X

6-10 p=0.0739 not significant X

11-20 not significant not significant not significant X

* Whistle probability for groups of 1-2 dolphins were significantly higher than groups of 6-10 dolphins. 



30 

Table 13. Number of five-minute sampling points in each category with rate or travel averaged for each category. 

TR RE SO PF UK TOTALS Avg. rate of travel (m/s)

1-2 5 0 0 0 5 10 0.704
3-5 43 3 4 3 12 65 0.972
6-10 83 21 7 2 21 134 0.800
11-20 26 3 3 1 8 41 0.956
20+ 8 0 0 0 2 10 0.994

TOTALS 165 27 14 6 48 260
Avg. rate of 
travel (m/s) 1.019 0.585 0.581 0.698 0.629 0.871 avg. of all sample points 0.871
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Table 14.  AIC values from logistic regression models using different combinations of variables 
to predict rate of travel.  The model with the best fit is highlighted in yellow. 

Whistle Probability Predictors AIC Value

Index of group size 95.944

Categorical Group size 91.756

Behavior 46.898

Index of group size and Behavior 45.956

Interaction between Index of Group Size and 

Behavior 66.941

Index of group size and Behavior and the 

interaction between the two variables 48.376

Categorical Group size and Behavior 44.435

Categorical Group size and Behavior and the 

interaction between the two variables 51.289

Interaction between Categorical Group Size 

and Behavior 51.289  

Table 15. Probabilities of whistle presence for each behavioral state for group sizes of 6-10 and 
11-20 dolphins 

Group Size of 11-20 Dolphins   Group Size of 6-10 Dolphins 

Behavior 
State 

Probability of 
whistle presence 

per minute 

Time it takes the 
probability of 

having at least 
one minute with 
whistle presence 

to reach 95% 
  

Behavior 
State 

Probability of 
whistle 

presence per 
minute 

Time it takes 
the probability 
of having at 

least one 
minute with 

whistle 
presence to 
reach 95% 

Average 0.25 11   Average 0.25 11 
Social 0.87 2   Social 0.53 4 
Travel  0.26 10   Travel  0.06 51 
Rest 0.2 14   Rest 0.04 73 
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List of Figures 
 
Figure 1. 

Location of bombing ranges, BT-9 and BT-11, in Pamlico Sound, NC 
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Figure 2. 
Survey tracks of the study area are represented by thin grey lines.  The thicker colored lines represent follows with groups of 
dolphins and the follows for each day are colored differently.  
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Figure 3. 
Spectrograms of overlapping whistles, each displaying 4 seconds of recording from 0-30,000 Hz. 
a. 

 
b. 
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Figure 4. 
Spectrogram displays showing mimicry, each displaying from 0-30,000 Hz.  Whistles with 
the same contour are seen overlapping eachother and, thus, are being produced by 
separate dolphins. 
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Figure 5. 
(a)  Spectrogram of three seconds of recording with engine noise that is loud enough to mask whistles and exclude the one-
minute bin.  (b)  Spectrogram of three seconds of recording with engine that is not loud enough for the bin to be excluded. 
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Figure 6. 
Number of one-minute bins containing whistles, displayed as a percentage, per survey day 
when follows occurred.  Numbers on the columns are the total number of bins analyzed 
each day. 
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Figure 7. 
Dolphin activity budget created from five-minute sample points taken between July 2007 
and October 2008.   

Dolphin Activity Budget 7/07-10/08

0

20

40

60

80

100

120

140

160

180

Travel Rest Socializing Probable Feed Unknown

Behavior State

N
u

m
b

e
r 

o
f 

5
 m

in
u

te
 s

a
m

p
le

 p
o

in
ts

 

 

 

 
 
 
 
 
 

 



39 

Figure 8. 
Estimated residence time for dolphins crossing through BT-9, on the 10 nm diameter, in a 
linear fashion. 
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Figure 9. 
 
Probability of detection over time, given a 25% chance of whistle presence per minute.  Where the curve intersects the dotted 
line probability of detection reaches 95%. 

 
 
 
 
 
 
 
 
 



Figure 10. 
 
Probability of detection over time for a group of 11-20 dolphins, given variation in probability of whistle presence for 
behavioral states Social, Rest and Travel.  Where curves intersect with the dotted line probability of detection reaches 95%. 

 
 
 
 
 
 



Figure 11. 
 
Probability of detection over time for a group of 6-10 dolphins, given variation in probability of whistle presence for 
behavioral states Social, Rest and Travel.  Where curves intersect with the dotted line probability of detection reaches 95%. 
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