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ABSTRACT 

 

 

 Dolphins use echolocation to discriminate amongst stimuli within their 

environment. Echolocation provides a unique way to learn about object recognition 

strategies because it is active (i.e., the dolphin produces clicks to gain information about 

objects). A few studies show that dolphins adapt their echolocation across contexts, but 

the characteristics that motivate these adaptations are not clear. The present study 

examines how an Atlantic bottlenose dolphin’s (Tursiops truncatus) echoic investigation 

of stimuli changes across an object recognition task as initially novel objects become 

familiar and as performance accuracy increases. Acoustical and video recordings were 

obtained during a three-alternative matching-to-sample task in which a blind-folded 

dolphin examined a sample object and selected the matching object from three 

alternatives. Analysis of the investigation of the sample object determined the number of 

clicks emitted, time spent echolocating the sample, number of echolocation trains, and 

occurrence of a terminal burst pulse. Results showed that number of clicks and time spent 

echolocating decreased when familiar objects were more easily recognized (i.e., 
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performance accuracy was high), suggesting that dolphins become faster and more 

efficient at echoic processing when objects are easily identified. Though there was low 

variability in the number of echolocation trains, the time between echolocation trains may 

be important to processing previous echoes. The frequent occurrence of the terminal burst 

pulse suggests that this vocalization may function in some way during object recognition. 

Results also showed that echoic effort stayed high when objects were difficult to identify, 

suggesting that the dolphin was putting in extra effort in order to try and solve the task. 

These data could inform training by the US Navy of bottlenose dolphins that recover and 

locate objects: because echoic efficiency increases with familiar, easily discriminated 

objects, the training program should include experience with targets of interest. 

 

 

 

______________________________ 

Heidi E. Harley 

Division of Social Sciences 
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Using Your Melon: The Effects of Object Recognition on the Echolocation of an Atlantic 

Bottlenose Dolphin (Tursiops truncatus) 

 

Studying the ways in which animals use their sensory systems provides valuable 

insight into the perceptions, motivations, and thought processes of many species. 

Bottlenose dolphins (Tursiops truncatus) are an interesting species of study due to the 

diverse, complex, and foreign nature of their vocal repertoire. Dolphins rely on their 

acoustical processing for monitoring their environment and interacting with conspecifics. 

Their vocalizations are emitted at high frequencies, their hearing is sensitive to high-

frequency sounds, and their processing of received acoustical information occurs very 

quickly.  

 Dolphins’ impressive use of acoustical information has been recognized by the 

United States Navy, which has an established Marine Mammal Program that is dedicated 

to studying, training, and deploying bottlenose dolphins and California sea lions 

(Zalophus californianus) to complete tasks such as marking and retrieving objects in the 

ocean (http://www.public.navy.mil/spawar/Pacific/71500/Pages/default.aspx). Because 

dolphins possess biological sonar (known as echolocation), they are essential to these 

tasks, as they can dive to great depths and use their echolocation to locate objects in 

acoustically and visually complex conditions. The Navy Marine Mammal Program also 

trains dolphins to detect and mark mine-like objects and to help in guiding ships through 

safe passages of shallow water to help with landing troops ashore. However, though there 

is a good amount of information known about dolphin echolocation, there are many 
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questions that are still unanswered. For example, we do not know much about the factors 

that affect changes in dolphin’s echoic investigation of objects, the topic of this thesis. 

Dolphin Vocalizations 

The vocal repertoire of dolphins is not limited to echolocation alone. Due to 

constraints in visibility, olfaction, and other senses affected by the marine environment, 

the acoustic channel has become the most important sense for dolphins in terms of social 

behaviors, foraging, and investigation of their environment. Bottlenose dolphins 

(hereafter referred to as “dolphins”) have evolved to have a complex acoustical system, 

with a hearing range from about 50 Hz to more than 150 kHz (Johnson, 1967), matching 

the production capacity of their vocalizations and allowing for the perception of a broad 

range of frequencies. Dolphin vocalizations are often categorized in three ways: whistles, 

burst pulses, and echolocation. See Figure 1 for spectrograms of whistles, burst pulses, 

and echolocation. 

 Whistles 

Whistles are a narrowband (i.e., the energy of the sound is limited to a narrow 

frequency range) vocalization with varying numbers of harmonics (i.e., sounds which 

occur at integer multiples of the fundamental frequency) and frequency modulations (i.e., 

changes in frequency within whistles). The fundamental frequency of whistles ranges 

from 0.8 to 24kHz, with a majority of frequencies occurring within 3.5-14.5kHz 

(Richardson, Greene, Malme, & Thomson, 1995).  

Each dolphin possesses an individually distinctive whistle, termed a “signature 

whistle” that has a specific frequency modulation pattern and can remain consistent for a 

lifetime (Caldwell & Caldwell, 1965, 1968; Sayigh, Tyack, Wells, & Scott, 1990). 
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Dolphins often use their signature whistles when they are separated from individuals in 

their group, suggesting that these whistles serve as a contact call to maintain group 

cohesion (Janik & Slater, 1998; Watwood, Owen, Tyack, & Wells, 2005). Additionally, 

signature whistles have been observed in mother/calf reunions, alloparental (i.e., care for 

a calf by an individual other than the parent) care, and courtship (Herzing, 1996).  

When developing their signature whistles, female calves tend to produce a 

signature whistle that is distinctive from that of their mothers, while male calves produce 

one more similar to that of their mothers (Sayigh, Tyack, Wells, & Scott, 1990). Infant 

whistle repertoires are quite similar to that of their social group, suggesting that dolphins 

possess vocal plasticity and learning (McCowan & Reiss, 1995). Additionally, as males 

age, their whistle repertoires expand (Sayigh, Tyack, Wells, & Scott, 1990), and they 

begin sharing their signature whistle with their male partners (Watwood, Tyack, & Wells, 

2004). Dolphins are also capable of matching whistles such that, on occasion, an 

individual will respond to the whistle of a conspecific by emitting the same type of 

whistle, suggesting that whistles may be used to address one another (Janik, 2000).  

Burst Pulses 

Like whistles, burst pulses are social sounds, but they are broadband sounds in 

which many frequencies are produced at once. These sounds are often described as 

buzzes, squawks, screams, barks, and yelps (Herzing, 1996; Wood, 1953). Burst pulses 

often possess a large amount of energy between 60 and 150 kHz, although energy below 

20 kHz has been observed to increase as aggressive behavior increases (Bloomqvist & 

Amundin, 2004). Burst pulses are very common in the context of aggressive behavior, 
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but also occur during excitement, distress, courtship, discipline, sexual play, and foraging 

(Bloomqvist & Amundin, 2004; Herzing, 1996; Overstrom, 1983).   

 Echolocation 

Another broadband vocalization is echolocation clicks. These are used for 

biosonar to obtain information about the identity, location, and characteristics of objects, 

even in cluttered and noisy environments (see Au, 1993, for a review). Clicks are short in 

duration (between 40 and 70 µs) with peak frequencies between 30 and 135 kHz. Clicks 

originate in the dolphin’s forehead by passing air through a nasal structure known as the 

“monkey lips” (Cranford, 2000). The emitted clicks are reflected off surfaces in the 

environment, and these echoes are received in the dolphin’s jaw where they are then 

conducted to the inner ear (Brill, Sevenich, Sullivan, Sustman, & Witt, 1988). Dolphins 

wait to receive a returning echo before emitting another click; variance in the interval 

between clicks is predicted by distance between the dolphin and the object it is 

echolocating (Au, Floyd, Penner, & Murchison, 1974). Dolphins have an auditory 

integration time (i.e., the amount of time it takes for the dolphin to tell two successive 

clicks apart) of about 264 µs (Au, Moore, & Pawloski, 1988; Moore, Hall, Friedl, & 

Nachtigall, 1984).  

 Behavioral studies have found that echolocation is used in foraging efforts 

(Herzing, 1996) as well as for inspecting novel objects (Wood, 1953). Xitco and Roitblat 

(1996) have gathered data that suggest that dolphins can gather information about objects 

by listening to the returning echoes of an echolocating companion, indicating that 

echolocation information may be shared between neighbors. This evidence suggests that 

the production of echolocation clicks is not necessarily an integral part in the processing 
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of echo features since a non-echolocating dolphin can process a neighbor’s echoes (Xitco 

& Roitblat, 1996).   

Many studies on dolphin echolocation have sought to determine echolocation 

capabilities in varying contexts. These studies often involve target detection tasks, in 

which the dolphin indicates whether a specified target is either present or absent. In such 

tasks, the dolphin is both emitting clicks and receiving echoes and uses this gathered 

information to make its selection. Target detection studies have found that dolphins can 

detect targets in the presence of background noise, and that dolphins’ accuracy at target 

detection decreases as background noise levels exceed 77dB re 1µPa (Au & Penner, 

1981; Au, Penner, & Kadane, 1982). Not only does accuracy decrease at this noise level, 

but the number of clicks emitted also decreases, suggesting that dolphins reduce their 

efforts to detect a target when the task becomes too difficult to solve (Au, Penner, & 

Kadane, 1982). Dolphins are also able to echolocate targets at varying distances. Au and 

Snyder (1980) found that a dolphin was successful at detecting a target object up to 95 

meters away. Performance declined as the distance increased past 95 meters, with 113 

meters being the distance where accuracy was at chance level (i.e., 50%). Additionally, 

dolphins can discriminate between objects composed of different materials. A dolphin 

was able to successfully discriminate between objects made from aluminum (the standard 

target), versus steel and coral rock, even when these objects were presented at varying 

angles relative to the dolphin (Au & Turl, 1991).  

Acoustic detection tasks are not limited to dolphins echolocating a target object. 

Auditory stimuli have also been used in target detection, i.e., a task in which the dolphin 

listens to and identifies an auditory stimulus that contains some specific acoustical 
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feature. In one such task, a dolphin listened to synthetic echolocation trains and had to 

indicate whether amplitude modulation was or was not present in each train. The dolphin 

was able to discriminate between the echo trains up to an amplitude variation of 0.8 dB re 

1µPa between minimum and maximum, suggesting that they are sensitive to changes in 

amplitude (Dankiewicz, Helweg, Moore, & Zafran, 2002). 

Object Representation 

 The echoes that dolphins receive possess a variety of acoustic features that relay 

information about the echolocated object. The acoustic features of echoes (e.g., target 

strength, highlights, peak frequency, and center frequency) that dolphins use to recognize 

objects are not entirely known, though they likely use multiple features as opposed to one 

single feature. Using multiple characteristics is advantageous because values of some 

characteristics could disambiguate others, and characteristics change across objects 

within the environment (DeLong, Au, Lemonds, Harley, & Roitblat, 2006).  

Although dolphins have greater sensitivity for high frequencies than humans 

(Thompson & Herman, 1975), their inner ear functions similarly to that of humans, 

suggesting that insight into dolphins’ use of echo features may be achieved by using 

human listeners. For example, in one study human participants listened to echoes that had 

been slowed down so that humans could hear them. The echoes were recorded from 

objects that a dolphin had correctly matched within a matching task and were recorded at 

varying aspect angles, because the dolphin echolocated the objects at different angles. 

The human listeners discriminated between the echoes and answered questions as to how 

they were discriminating. The participants reported that changes in loudness, pitch, and 

timbre across echolocation trains were important for discriminating objects from varying 
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orientations. For some of the objects (particularly those from different orientations), the 

dolphin’s error patterns matched that of the humans’, implying that the dolphin may have 

used the same cues reported by the humans (DeLong, Au, Harley, Roitblat, & Pytka, 

2007). 

 Cross-modal match-to-sample (MTS) studies provide evidence suggesting that 

dolphins are able to represent objects both visually and echoically and transfer given 

information about an object from one modality to the other. Cross-modal MTS is 

achieved in dolphin research by testing the modalities of both echolocation and vision 

such that perception of an object in one modality results in the recognition and matching 

of that object in the other modality. Dolphins have generally been successful in cross-

modal matching, suggesting that they can learn about visual and echoic object features 

and can use either modality to recognize an object (Harley, Roitblat, & Nachtigall, 1996). 

Such cross-modal success has been found with unfamiliar objects: Pack and Herman 

(1995) found high performance accuracy in an MTS task (both within and across 

modalities) during the first matching trial with each object, suggesting that the matching 

was not the result of learned associations but rather immediate recognition (Herman, 

Pack, & Hoffman-Kuhnt, 1998; 1995). 

Harley, Putman, and Roitblat (2003) conducted a cross-modal experiment in 

which the dolphin was rewarded for matching a sample object to a non-identical 

alternative (i.e., after sensing object A, choosing object B is rewarded and vice versa). 

Although the dolphin was trained and rewarded in choosing the non-identical alternative, 

it chose the identical alternative 74.1% of the time. These results suggest that dolphins do 
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not learn about and later recognize objects due to a history of being rewarded, but rather 

they immediately recognize objects due to obtained sensory information. 

In addition to transferring information from one sense to another, dolphins can 

also integrate information across echolocation trains, as shown in studies involving 

change across object orientation. Echoes change as object orientation changes, and so 

Helweg, Au, Roitblat, and Nachtigall (1996) measured a dolphin’s ability to match 

objects at different angles (i.e., the objects were free to rotate) and recorded the dolphin’s 

clicks and echoes. Their recordings showed that the echoes that the dolphin received from 

the targets changed as the objects rotated, yet the dolphin continued to successfully match 

the objects. This suggests that dolphins are able to integrate changes in returning echo 

features across consecutive echoes.  

Dolphins also have a well-developed short-term memory for auditory stimuli. 

Studies in which a dolphin matches auditory stimuli across a short delay between the 

presentation of the sample and alternatives have shown that dolphins are successful at 

matching the stimuli for delays of between two and four minutes (Herman & Gordon, 

1974; Herman & Thompson, 1982).  

In conclusion, the dolphin’s ability to transfer information about objects between 

vision and echolocation, to integrate information across multiple echoes and echolocation 

trains, and to retain auditory stimuli within short-term memory suggests that dolphins 

convert sound into representations of objects (see Roitblat, 2002, for a review). 

Echoic Analysis 

Evidence not only suggests that dolphins utilize and integrate multiple features 

and changes in features of returning echoes, but they also possess the ability to adapt and 
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control the structure of the clicks that they emit (Houser, Helweg, & Moore, 1999). For 

example, Au, Floyd, Penner, and Murchison (1974) measured the echolocation clicks of 

dolphins at fixed distances from a target using a within-subjects design. The amount of 

time between each click (the inter-click interval) varied over trials of the same distance 

suggesting that the variability in inter-click intervals is not only caused by changes in 

target distance. In addition, there were small fluctuations in the amplitude of the clicks. 

Houser, Helweg, and Moore (1999) also noted differences in emitted clicks (e.g., 

frequency range, frequency distribution, maximum frequencies, and amplitude) between 

dolphins participating in the same tasks while Houser et al. (2005) found that the degree 

of success of finding objects varied as a function of distinct search strategies: one dolphin 

echolocated frequently and only responded that an object was present if it was actually 

detected, but the second dolphin minimized energy resources by only echolocating when 

necessary, i.e., when it did not have enough information to make a response. 

Analysis of echoic investigation in matching tasks provides insight into how 

dolphins echolocate objects that they are able to recognize. Roitblat, Penner, and 

Nachtigall  (1990) examined the matching performance of an echolocating dolphin 

wearing soft, latex eyecups to ensure that the objects to be matched could not be seen 

(i.e., the dolphin could only sense them via echolocation). During each trial, the dolphin 

echolocated the sample followed by three alternatives, and received fish for selecting the 

alternative that matched the sample. Accuracy averaged 94.5% correct over 48 sessions 

with three objects. The researchers investigated the dolphin’s expended effort in 

examining each stimulus. The dolphin emitted an average of 37.2 clicks while 

investigating the sample. When echolocating the alternatives, the dolphin always scanned 
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the left object first, then the middle, then the right. The number of clicks emitted 

depended on the location and identity of the matching stimulus, leading the researchers to 

suggest that the dolphin put in more effort in order to obtain higher accuracy because the 

dolphin emitted more clicks for the objects that were more difficult to identify. The 

researchers postulated a sequential sampling computational model of the echolocation 

and decision processes of the dolphin, in which each click gives rise to an echo from one 

of three overlapping distributions, one corresponding to the matching comparison and 

one for each of the two mismatching comparisons. These distributions overlap such that 

the matching comparison is in the center with the mismatches on either side. One vertical 

line through these distributions correlates to one echo, and additional echoes are 

distributed according to one of the three distributions. The average of these echoes 

computes a likelihood ratio, which is the ratio of the probability that the echo came from 

the matching distribution to the probability that it came from a non-matching distribution. 

Based on this model, the dolphin uses the ratio to make a Bayesian decision regarding the 

identity of the scanned stimulus (Roitblat, Penner, & Nachtigall, 1990).  

 The study by Roitblat, Penner, and Nachtigall (1990) was compelling in terms of 

the analysis of the dolphin’s active use of echolocation to investigate objects. However, 

they presented results from the final 48 sessions the dolphin had with the objects, 

meaning that at the time of echoic analysis the dolphin was matching the objects at a high 

accuracy. Xitco and Roitblat (1996) noted that matching performance becomes better 

with successive trials with stimuli. Because dolphins vary their echoic investigation 

strategies during target detection (Houser et al., 2005), data concerning how echoic 

investigation may change with respect to object familiarity and matching accuracy may 
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provide further insight into how dolphins represent objects through echolocation. The 

goal of the current study was to gather that data. 

The Current Study 

Dolphins have a complex vocalization system made up of whistles, burst pulses, 

and echolocation clicks (Janik, 2009). Their echolocation system is particularly 

sophisticated. They process sounds quickly (Au, Moore, & Pawloski, 1988; Moore, Hall, 

Friedl, & Nachtigall, 1984) and remember them well (Herman & Gordon, 1974; Herman 

& Thompson, 1982). Dolphins can echolocate and detect objects up to 95 meters away 

(Au & Snyder, 1980) and can detect objects within the presence of noise, although they 

become less accurate and reduce their efforts as noise increases past 77dB (Au & Penner, 

1981; Au, Penner, & Kadane, 1982). 

 Dolphins can change and adapt click characteristics, such as frequency, 

amplitude, and interval, while echolocating within different contexts (Au, Floyd, Penner, 

& Murchison, 1974; Harley & DeLong, 2008; Houser, Helweg, & Moore, 1999), and can 

also integrate auditory and visual information about objects (Harley, Roitblat, & 

Nachtigall, 1996; Herman, Pack, & Hoffmann-Kuhnt, 1998; Pack & Herman, 1995). 

Echoic information gained from various orientations and aspect angles of objects can also 

be integrated (Au & Turl, 1991; Helweg, Au, Roitblat, & Nachtigall, 1996). 

 Houser et al. (2005) found that dolphins have varying search strategies in target 

detection, and Roitblat, Penner, and Nachtigall (1990) found that, although dolphins can 

become very good at matching objects, they often emitted more clicks when objects were 

difficult to identify. Despite the large amount of research on object recognition and 
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matching tasks, echoic investigation of objects during an MTS task as the dolphin gains 

experience with unfamiliar objects has not been analyzed.  

 The current study aims to examine how a dolphin’s echoic investigation of objects 

in a MTS task  changes over levels of object familiarity and performance accuracy across 

several object sets. Analysis will be conducted using acoustic and video files of a dolphin 

performing an echoic MTS task and will examine changes in the number of clicks and the 

amount of time echolocating the sample objects across accuracy, familiarity, and object 

type. If, as suggested by previous research, the dolphin is able recognize objects more 

accurately over time and increase searching efficiency, then the number of clicks and the 

amount of time echolocating may decrease as objects become more familiar and more 

easily recognized. Such results could imply that object recognition yields faster and more 

efficient echoic processing.  

 

Method 

Subject 

The subject was a male Atlantic bottlenose dolphin (Tursiops truncatus) born in 

1994 at a facility in the Florida Keys and moved to his current facility in 2003. The 

subject’s hearing was determined (via auditory evoked potential) to be normal for his 

species (W. Fellner, personal communication, 4/8/13). He and his three tank mates had 

participated in previous cognitive research (see Harley, Fellner, & Stamper, 2010).  
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Facility 

The subject and his tank mates resided in a large tank consisting of 22 million 

liters of salt water made up of three pools (Main Tank, A Pool, and B Pool) connected by 

gates and a canal. The Main Tank is the largest of the three and holds a variety of aquatic 

life that is on exhibit for the public. The current study was conducted within B Pool, 

which measured 8.2m long by 7m wide by 2.1m deep. See Figure 2 for a diagram of the 

facility. 

Materials 

Many objects served as stimuli in the study. See Figure 3 for a display of each 

stimulus set. Object sets are named based on the dolphin’s increase in accuracy over five 

sessions with each object set as well as the dolphin’s overall performance accuracy. The 

object set names thus refer to: an 11%-rise-to-44% performance accuracy (hereafter 11% 

Poor), a 28%-rise-to-50% performance accuracy  (hereafter 28% Poor), an 11%-rise-to-

100% performance accuracy  (hereafter 11% Good), and a 28%-rise-to-78% performance 

accuracy (hereafter 28% Good). The subject was initially unfamiliar with each stimulus 

but became familiar with objects across five 18-trial sessions. Although several 

hydrophones recorded the dolphin’s vocalizations, only the clicks recorded by the 

hydrophone positioned near the sample were analyzed.  

 The hydrophones used to record the vocalizations were High Tech, Inc. HTI-

96MIN hydrophones with a flat frequency response of 2Hz to 30kHz (though the actual 

recording range was 0Hz to 50kHz), and clicks were recorded at a sampling rate of 

100,000Hz per second. The clicks were recorded onto a Lenovo T410 laptop computer 

using Avisoft-RECORDER USG version 4.2.8 (http://www.avisoft.com).  
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 Video was recorded using a PC Osprey 4-channel video card with H.264 Webcam 

software that simultaneously recorded the surface of A and B Pools, above the water in 

the Main Tank, and below the water in the Main Tank. For this study, only the video 

recordings of the surface of A and B Pool were used. 

 The audio recordings were analyzed using Avisoft-SASlab Pro Sound Analysis 

and Synthesis Laboratory version 5.2.01. All recordings (as .wav files) were converted 

into spectrograms, and audio playback was conducted both in real time and slowed by 

48%.  

Procedure 

At the start of the study, the subject already performed capably in a three-

alternative match-to-sample (MTS) task. He wore soft, latex eyecups during trials to 

preclude visual cues. He could pop the eyecups off at will, but he was trained to wear 

them. If an eyecup came off during a trial, stimuli were immediately pulled from the tank. 

If he had been near any stimuli, they were no longer used in the study. 

A trial began when the dolphin positioned himself in front of his trainer, who then 

signaled him tactilely to swim 6.1m to the sample object. The dolphin could swim at his 

own pace (

€ 

X  = 7.36s, SD = 1.6), though once he reached the sample a research assistant 

pulled it out of the water after a certain amount of time (

€ 

X  = 2.28s, SD = .78). Although 

the research assistant determined how long the sample would remain in the water after 

the dolphin reached it, which ranged from 1.61s to 2.96s, the dolphin could control his 

access to the sample by changing his swim times, which had a large range of 4s to 13s. 

Once the sample was pulled out of the water, the dolphin swam 6.1m to an array of three 

alternatives in which there was an object identical to the sample. The dolphin indicated 
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his choice by positioning himself in front of an object with his rostrum pointing towards 

it and vocalizing. A research assistant naïve to the identity of the sample identified his 

choice. If the choice object matched the sample, the trainer blew a whistle after which the 

dolphin received one to two capelin. If the dolphin chose an object that did not match the 

sample, the trainer slapped the wall and the dolphin positioned himself in front of his 

trainer for the next trial.  

Each session contained 18 trials. Across those 18 trials, each of the three objects 

was the sample the same number of times. The location of the alternatives was also 

balanced such that each object was presented in each location the same number of trials, 

both when it was the correct choice and when it was an incorrect choice. All objects were 

suspended 0.7m from the walls of the tank, with 1.2m between each alternative. Objects 

were suspended such that the center of each object was 40.6cm under the surface of the 

water. See Figure 4 for a representation of the task set-up. 

Analysis 

Sessions were analyzed based on the stimuli’s familiarity and the accuracy with 

which the dolphin matched. Therefore, first sessions with unfamiliar objects and fifth 

sessions with familiar objects were analyzed. In addition, sessions on which the dolphin 

produced his lowest and highest performance accuracy were also analyzed. Table 1 

presents performance accuracy across all sessions; analyzed sessions are identified.  

Echoic examinations of the sample objects’ recordings were assessed via acoustic 

and video analysis. Video recordings and session notes taken by the on-site researchers 

were used to synchronize behaviors with the audio recordings. Video recordings were 

also used to determine the amount of time it took the dolphin to swim towards the sample 
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as well as the length of time the sample was in the water. This time varied based on the 

dolphin’s swimming speed and how quickly he reached the sample. Reaching the sample 

was defined as the time the dolphin’s rostrum was directly in front of and no more than 

0.3m away from the sample. 

Click trains were measured for length of train in time and number of clicks. 

Length of time was defined as the amount of time elapsed from the first click to the last 

click in a given train, and the number of clicks was defined as the number of clicks in 

each click train. Clicks were counted using the Pulse Train Analysis feature on Avisoft. 

However, this feature did not work with every click train (e.g., background noise 

sometimes masked the clicks), and therefore some click trains were counted by hand. See 

Figure 5 for an example of the Avisoft Pulse Train Analysis feature. If the amount of 

time between each click was 0.01s or less, the vocalization was categorized as a burst 

pulse (as in Lammers, Au, Aubauer, & Nachitgall, 2003) and, therefore, not included in 

these data. Burst pulses occurred most often at the end of a click train, usually the final 

click train before the sample was pulled out of the water. If the amount of time between 

one click and another was 0.3s or greater, trains were categorized as being two different 

click trains.  

 
Results 

 Echoic effort differences between object sets that were difficult to discriminate 

(11% Poor and 28% Poor, hereafter poor object sets) and object sets that were easy to 

discriminate (11% Good and 28% Good, hereafter good object sets) were analyzed in 

relation to object familiarity, with session 1 being unfamiliar and session 5 being 

familiar. Echoic effort was measured by: the number of emitted clicks directed to the 



EFFECTS OF OBJECT RECOGNITION ON ECHOLOCATION 
 

17 

sample object, time spent echolocating the sample, number of click trains completed, and 

the occurrence of the terminal burst pulse. See Table 2 for a complete summary of the 

sessions analyzed and the results. 

 There were a few instances in which certain trials within object sets could not be 

utilized. Trials 10-18 of session 1 of Object Set 11% Poor and trials 1 and 2 of session 5 

for Object Set 28% Poor were not recorded via hydrophone, and therefore were not 

analyzed. The beginning of trial 1 of session 2 of Object Set 11% Good was not fully 

recorded, and therefore was not analyzed.  

Number of Emitted Clicks 

Clicks were counted as soon as the dolphin left his trainer until the sample was 

pulled out of the water. For the poor object sets, the dolphin did not produce a 

significantly different number of clicks for the familiar objects in session 5 (M = 236.94, 

SD = 76.11) versus the unfamiliar objects in session 1 (M = 225.37, SD = 142.74), 

matched-pair t (26) = .21, p = .84. For the good object sets, the dolphin produced 

significantly fewer clicks for the familiar objects in session 5 (M = 162.81, SD = 68.01) 

versus the unfamiliar objects in session 1 (M = 214.78, SD = 74.84), matched-pair t (35) 

= 3.56, p = .001. As indicated by Table 2, there was a good deal of variability across sets. 

See Table 2 for number of clicks for specific object sets and Figure 6 for a graphical 

representation of number of emitted clicks directed to the sample object for familiarity 

and accuracy. 

Time Spent Echolocating the Sample 

Time spent echolocating the sample was analyzed by measuring the time duration 

of each click train. For the poor object sets, the dolphin did not spend a significantly 



EFFECTS OF OBJECT RECOGNITION ON ECHOLOCATION 
 

18 

different amount of time echolocating the familiar objects in session 5 (M = 5.13, SD = 

1.57) versus the unfamiliar objects in session 1 (M = 4.65, SD = 3.14), matched-pair t 

(26) = .18, p = .86. For the good object sets, the dolphin spent significantly less time 

echolocating the familiar objects in session 5 (M = 4.31, SD = 1.6) versus the unfamiliar 

objects in session 1 (M = 5.13, SD = 1.84), matched-pair t (35) = 2.16, p = .04. See Table 

2 for time spent echolocating for specific object sets and Figure 7 for a graphical 

representation the time spent echolocating the sample for familiarity and accuracy. 

Number of Click Trains 

During analysis, it was noted that the dolphin frequently emitted more than one 

click train, and the number of click trains varied from trial to trial. This variable was 

therefore analyzed. For the poor object sets, the dolphin emitted more echolocation trains 

for the familiar objects in session 5 (M = 2.26, SD = 1.78) versus the unfamiliar objects in 

session 1 (M = 1.78, SD = .93). For the good object sets, the dolphin emitted about the 

same number of echolocation trains for the familiar objects in session 5 (M = 2.03, SD = 

.88) versus the unfamiliar objects in session 1 (M = 2.17, SD = .88). Due to the low 

variability in number of echolocation trains, this variable may not be affected by object 

recognition. See Table 2 for number of click trains for specific object sets and Figure 8 

for a graphical representation of the number of click trains for familiarity and accuracy. 

Terminal Burst Pulses 

Another additional variable noted during analysis was the emission of a burst 

pulse sound at the end of inspecting the sample, typically called a terminal burst. Because 

the terminal burst was present more frequently than not (χ2 [1, N = 168] = 42, p = <.01), 

its use was analyzed. For the poor object sets, the dolphin emitted the burst pulse more 
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often for the familiar objects in session 5 (M = 82.89%) versus the unfamiliar objects in 

session 1 (M = 75%). For the good object sets, the dolphin emitted the burst pulse less 

often for the familiar objects in session 5 (M = 63.89%) versus the unfamiliar objects in 

session 1 (M = 77.78%). Due to the frequent occurrence of the terminal burst pulse, it 

may be that this vocalization may help in gathering further information about the objects, 

particularly objects that are more difficult to discriminate. See Table 2 for the occurrence 

of the terminal burst for specific object sets and Figure 9 for a graphical representation of 

the occurrence of the terminal burst.  

 

Discussion 

 In the present study, a blindfolded dolphin participated in a three-alternative 

echoic match-to-sample (MTS) task with four different object sets. Prior evidence 

suggests that dolphins can do this task well (Roitblat, Penner, & Nachtigall, 1990), and, 

indeed, the subject dolphin here was clearly good at echoic matching (as indicated by his 

high accuracy with Object Set 11% Good, M = 95.55%), although his accuracy depended 

on the difficulty of the object set. As the objects became more familiar between the first 

and fifth sessions, the dolphin emitted fewer clicks for object sets on which 

discrimination was good, but he emitted the same or more clicks for sets in which 

discrimination was poor. Therefore, familiarity did not guarantee a decrease in echoic 

investigation because it only occurred with easily discriminable sets. For the object sets 

that were hardest to match, i.e., the sets with the lowest performance accuracy, an 

increase in echolocation efforts occurred across sessions, thereby suggesting the 

difficulty of matching the objects had the strongest effect on how the dolphin 
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echolocated. These results are similar to those found by Roitblat, Penner, and Nachtigall 

(1990), who found that dolphins emit more clicks when objects are difficult to identify. 

Familiarity does not have the same effect because it only caused less echolocation effort 

when accuracy also had an effect.  

 The number of click trains did not vary much across object sets, suggesting that 

these differences may not be substantial enough to make a strong conclusion. However, 

the number of click trains slightly increased in several cases, suggesting that the dolphin 

may be utilizing the time when echolocation is not occurring to process the information it 

is receiving. 

 The terminal burst pulse occurred in a high percentage of trials across all object 

sets, even to the point where it occurred in every trial for session 1 of Object Set 11% 

Good. The high percentage of terminal burst pulses suggests that this vocalization must 

function in some way during object recognition. 

Implications 

These results suggest that dolphins change their echoic investigation of well-

recognized objects in favor of increased efficiency. That is, the dolphin spends less time 

echolocating and emits fewer clicks when objects are familiar and easy to identify. These 

results are consistent with the finding that dolphins often emit more clicks for objects that 

they have difficulty in identifying (Roitblat, Penner, & Nachtigall, 1990). The suggestion 

that dolphins change the way in which they echolocate objects depending on the ease of 

object recognition is also consistent with the evidence that dolphins can change their 

echoic search strategy (Houser et al., 2005).  
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The varying number of click trains is a new finding in dolphin echolocation 

research. These results suggest that the number of click trains the dolphin emits increases 

in most cases, meaning that the dolphin splits its echolocation into multiple trains as 

opposed to consolidating it. Inter-click intervals are often the length of two-way travel 

time between the dolphin and the object (click-to-object, echo-to-dolphin) with the 

addition of a little extra time, which may be used for processing of those echoes (Au, 

Floyd, Penner, & Murchison, 1974). Perhaps the time between the trains, when the 

dolphin is not echolocating, is also important to the dolphin’s processing of previous 

echoes.  

The frequent occurrence of a terminal burst pulse at the end of the echoic 

investigation may contain important information on which the dolphin relies because it 

occurred in high percentages across all object sets. Although there has been some 

behavioral research with burst pulses (Bloomqvist & Amundin, 2004; Herzing, 1996; 

Lilly & Miller, 1961; Overstrom, 1983), not much is known about the use of this 

vocalization in non-social contexts such as object recognition. Based on the present 

findings, it appears that the terminal burst may be an additional vocalization used for 

gaining information about the objects to be discriminated. 

 Because the dolphin’s performance accuracy for matching novel objects increases 

with exposure to the objects, it can be inferred that the task is initially a bottom-up 

process, i.e., the dolphin begins with gathering information about the object and 

constructs this information into a perception. As the object becomes more familiar and 

the dolphin’s performance accuracy increases, the task then includes more top-down 

processing, i.e., the dolphin begins with expectations about the objects and uses them to 
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judge its perceptions. The dolphin is likely storing information about the objects within 

its memory and retrieving that information during echoic investigation, using short-term 

memory for information gathered in each trial (as found in previous auditory tasks with 

dolphins, Herman & Gordon, 1974; Herman & Thompson, 1982) and using long-term 

memory for information gathered across sessions.  

 These findings are similar to those previously found with human participants. 

Jolicoeur (1985) and Shinar and Owen (1973) studied object recognition in humans. 

After determining that the time it takes humans to recognize objects decreases with 

practice and exposure, they rotated those familiar objects and displayed them to the 

human participants at varying angles. Once the familiar objects were distorted such that 

they were unfamiliar, the human participants took longer to recognize them and made 

more errors in their classification. Again, through practice with the distorted objects, 

recognition time and error rates declined. The human participants’ knowledge and 

expectations about those objects changed, causing processing to shift from bottom-up to 

top-down. Similarly, the dolphin subject of the current study decreased echoic 

investigation of objects and had fewer errors as objects became more familiar.  

Suggestions for Future Research 

In the current study, the dolphin varied his swim times to the samples, and the 

trainer dictated removal times of the sample. Therefore, exposure times to the sample 

were uncontrolled, and we cannot determine the minimum exposure the dolphin needs in 

order to successfully complete the task. Future work in which exposure time is 

systematically varied would give us more information about the relation between echoic 

efficiency and matching accuracy. 
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In addition, as noted by Houser et al. (2005), individual dolphins can vary in their 

echoic search strategies. The dolphin in this study decreased its echolocation efforts when 

performance accuracy was high, yet continued or increased its efforts when performance 

accuracy was either low or decreasing. Replication of the present study with other 

dolphins could provide insight into whether object recognition yields different or similar 

search strategies across individuals.  

The findings of the present study suggest that echoic investigation, in terms of 

time echolocating, emitted clicks, and number of click trains, changes with object 

recognition. Previous research shows that additional click characteristics, such as 

frequency and amplitude, can be manipulated by echolocating dolphins (Houser, Helweg, 

& Moore, 1999). Therefore, future analysis of echoic investigation with respect to object 

recognition should analyze these features to determine how they may be affected across 

object sets. 

Roitblat, Penner, and Nachtigall (1990) found that their dolphin emitted an 

average of 37.2 clicks in a matching task, which is much lower than the average number 

of emitted clicks in this study (the lowest being 160.39 clicks). However, their study 

utilized highly recognizable objects with which the dolphin had had a large quantity of 

previous exposure. Thus, it may be worthwhile to examine the changes in echoic 

investigation of an object set for many sessions until matching accuracy is high every 

time to determine if there is a threshold for the number of clicks the dolphin emits in 

order to recognize the object. Such a threshold could provide information about what the 

dolphin is using for recognition. 
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Also, as suggested by this study, terminal click train burst pulses may result in 

valuable information in regards to object recognition. The use of burst pulses should be 

further investigated to determine additional uses for this vocalization. Further research on 

echoic examination of objects will add to this and previous research, and thus would 

allow us to continue to learn and understand how dolphins represent objects and stimuli 

within their environment. 

Conclusion 

That dolphins reduce echoic effort when echolocating familiar and easily 

identified objects could prove beneficial to the United States Navy Marine Mammal 

Program, which uses dolphins to locate and mark mines and other objects in the water 

that are difficult for divers to find because of extreme depths and poor visual conditions 

(United States Navy, n.d.). If the dolphins are able to spend less time searching for 

objects due to their heightened recognition, then they can search more areas in a shorter 

amount of time, increasing their work output. Taking this into account, the dolphins 

should be trained in detecting and discriminating the objects for which they will be 

searching to the greatest extent possible. 

 Additionally, the current study can help us to further understand how dolphins use 

echolocation for detecting stimuli within their natural environment, such as prey. The 

suggestion that dolphins reduce echoic investigation for familiar, easily identified objects 

could imply that, with experience, dolphins become more efficient at echoically 

processing stimuli that they frequently encounter. Using these findings, as well as 

previous and future findings, we can hope to learn more about how dolphins use the 
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sensory system of echolocation in perceiving and interpreting their environment, and all 

of the stimuli within it. 
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Table 1 

Performance Accuracy Across All Sessions for All Object Sets. Analyzed Sessions Are 

Highlighted in Grey. 

Object Set Session Accuracy 
11% Poor (May 2009) 1 33.33% 

 2 33.33% 

 3 44.44% 

 4 33.33% 

 5 44.44% 

28% Poor (January 2010) 1 38.89% 

 2 38.89% 

 3 22.22% 

 4 27.78% 

 5 50% 

11% Good (October 2010) 1 94.44% 

 2 88.89% 

 3 94.44% 

 4 100% 

 5 100% 

28% Good (April 2009) 1 50% 

 2 55.56% 

 3 61.11% 

 4 50% 

 5 77.78% 
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Table 2 

Accuracy, Average Number of Clicks, Average Time Echolocating, Average Number of 

Click Trains, and Occurrence of the Terminal Burst Pulse for Each Object Set. 

 

Object 
Set 

Session Accuracy Number 
of Clicks 
Emitted 

Time Spent 
Echolocating 

(seconds) 

Number 
of Click 
Trains 

Terminal 
Burst 

(percent 
of trials) 

11% 
Poor 

1 33.33% 188.89 3.63 2.11 66.67% 

 5 44.44% 240.44 4.76 2.28 83.33% 

28% 
Poor 

1 38.89% 243.61 5.16 1.61 83.33% 

 3 22.22% 230.83 6.84 2.11 55.56% 

 5 50% 233 5.56 2.25 81.25% 

11% 
Good 

1 94.44% 207.94 5.42 2 100% 

 2 88.89% 192.53 5.68 2.59 94.12% 

 5 100% 160.39 4.8 2.22 88.89% 

28% 
Good 

1 50% 221.61 4.84 2.33 55.56% 

 5 77.78% 165.22 3.81 1.83 38.89% 
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Figure 1: Dolphin Vocalizations

 

Figure 1. Spectrograms, as a function of frequency over time, of the three categories of 

dolphin vocalizations. From left to right: whistle with the fundamental frequency around 

8kHz and two harmonics above; burst pulse; echolocation clicks. 
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Figure 2: The Facility 

 

Figure 2. The facility included three pools: Main Tank, A Pool, and B Pool. The current 

study occurred within B Pool. 
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Figure 3: The Object Sets 

 

Figure 3. The objects within each object set. Objects in Object Set 11% Poor: saxophone, 

guitar, and trumpet. Objects in Object Set 28% Poor: jellyfish, sea turtle, and whale. 

Objects in Object Set 11% Good: 3-way, spoon, and tube. Objects in Object Set 28% 

Good: sprinkler, watering can, and nozzle. 
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Figure 4: The Task Set-Up 

 

Figure 4. The task set-up within B-Pool. The dolphin swam 6.1 m from the trainer to the 

sample, then another 6.1 m to the alternatives. Objects were located 0.7 m from the walls 

of the tank, with 1.2m between each alternative, and were immersed in the water such 

that the center of each object was 40.6 cm below the surface of the water.  
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Figure 5: Click Counting 

 

Figure 5. Once a click train is selected (top image, x-axis is time and y-axis is 

frequency), the number of clicks can be counted in Avisoft’s Pulse Train Analysis 

feature. In the bottom left image, hysterisis is the amount of energy by which the click 

must differ from the background noise to be recognized, and the threshold is the 

minimum energy each click must have to be recognized. The bottom right image shows 

the clicks in the Pulse Train Analysis (x-axis is time and y-axis is energy), where the 

black horizontal line towards the bottom is threshold. 
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Figure 6: Average Number of Clicks With Respect to Familiarity and Accuracy 

 

Figure 6. The average number of clicks per session per object set. Accuracy of each 

session is also shown via the blue line, and object familiarity is represented as sessions 1 

(unfamiliar) and 5 (familiar). 
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Figure 7: Time Spent Echolocating With Respect to Familiarity and Accuracy 

 

Figure 7. Average time spent echolocating the sample per session per object set. 

Accuracy of each session is shown via the blue line, and object familiarity is represented 

as sessions 1 (unfamiliar) and 5 (familiar). 
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Figure 8: Number of Click Trains With Respect to Familiarity and Accuracy 

 

Figure 8. The average number of click trains emitted by the dolphin across object sets 

and sessions. Accuracy of each session is shown via the blue line, and object familiarity 

is represented as sessions 1 (unfamiliar) and 5 (familiar). 
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Figure 9: Occurrence of the Terminal Burst With Respect to Familiarity and 

Accuracy 

 

Figure 9. The percentage of trials within each session of each object set in which the 

dolphin emitted a terminal burst pulse after echolocating the sample. Accuracy of each 

session is shown via the blue line, and object familiarity is represented as sessions 1 

(unfamiliar) and 5 (familiar). 
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