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Abstract
Behaviora synchrony is a phenomenon that has been observed in dolphins, but the
behavior has yet to be quantified. Dol phins behave synchronously while travelling,
foraging, resting, playing, mating, and as a fear response. Through microanalysis of
videotapes, the current study examined the ontogeny of synchrony between a bottlenose
dolphin and her newborn calf during the first 4 weeks of life. The pair maintained
synchrony 97.7% of the time. The most common formation was touching trunk-to-trunk
in echelon position. Suckling was first observed at 16 hrs of age and was associated with
aperiod of increased chaos. Once suckling was established, higher levels of synchrony
resumed, and the calf attained more freedom. It is theorized that milk is areinforcer for
synchronous behavior. Several functions of synchrony are proposed including energy

conservation, increased vigilance, predator avoidance, and communication.

Approved, Gordon B. Bauer, Ph.D.



Synchrony Among Dolphins v

Dedication

For continually providing inspiration and opportunities for contemplation of non-

human perspectives, | dedicate thiswork to Noriko and Naia, my Nina, Ally, and in

memory of Max.



Synchrony Among Dolphins vi

Acknowledgements

This project would not have been possible without the support and encouragement
of many important people. | would like to thank Drs. Gordon Bauer, Heidi Harley, and
Charlene Callahan for agreeing to take on yet another student, serving on my thesis
committee, and for providing invaluable critiques of thiswork. | thank Gordon for so
trustingly putting this project in my hands, asking me thought-provoking questions, and
then allowing me to search out the answers. | will forever be indebted to Heidi for her
creative inspiration, and for teaching me to think in new ways. I may not have had the
courage to embark on thislife-long journey without her prodigious example.

| would also like to thank Debi Colbert who was so generous in giving me time
off, made instrumental comments on numerous drafts, and regularly admonished me to
“go code!” | am grateful to Cristal Ange who spent many hours coding segments for
reliability. | thank my family (Popes, Allemans, Fellners, and Grahams) for their
encouragement, and my mother and grandmother for their financial assistance. | am
beholden to New College for being the radical refuge of creativity and individualism that
itis, and for waiting for me to find my way here.

| am happy to acknowledge the excellent care and support of Noriko and Naia by
the staff, management, and interns of Disney’s EPCOT: The Living Seas. Financia
support was provided by grants from the New College Alumnag/i Association, the New

College Foundation, and the Walt Disney Company.



Synchrony Among Dolphins vii

Last but certainly not least, | would like to express appreciation for my dear
husband, Pete, who has been abundantly supportive at every step. He has been a patient
sounding board, read revisions, revisions, and more revisions, cooked many more meals
than hisfair share, invariably encouraged me to follow my dreams, and never let me

forget that life is an adventure.



Synchrony Among Dolphins 1

Synchrony between a Mother-Calf Pair of Bottlenose Dolphins (Tursiops truncatus)

Synchronous behavior among dolphinsis an often-mentioned but rarely studied
phenomenon. Bottlenose dol phins have been observed moving in synchrony with each
other while travelling and while foraging or feeding (Bel’ kovich, 1991). Descriptions of
coordinated hunting efforts reported by Saayman, Tayler, & Bower (1973; Tursiops
aduncus) also suggest a high degree of synchrony. Several observers have noted that at
least two genera of dolphins form a cohesive, synchronous school as afear reactionin
response to predators, novel objects, and novel situations (Tursiops truncatus:
Bel’kovich, 1991; McBride & Hebb, 1948; Tavolga, 1966; Stenella longirostris: Johnson
& Norris, 1994; Norris & Johnson, 1994; Senella attenuata: Pryor & Shallenberger,
1991; Norris & Dohl, 1980). Johnson and Norris (1994) observed a mother spinner
dolphin (Stenella longirostris) that appeared to be teaching her calf how to perform aerial
behaviors by leaping synchronously with it. Male dyads or subgroups are often reported
to move in synchrony with each other (Pryor & Shallenberger, 1991), especially during
herding or mating encounters (Connor, Smolker, & Richards, 1992; Saayman, Tayler, &
Bower, 1973). Bottlenose dol phins often move synchronously while rubbing or caressing
each other (Johnson & Norris, 1994; Saayman, Tayler, & Bower, 1973). In both
bottlenose and spinner dolphins, synchrony is evident during play episodes between both

adults and juveniles (Bel’ kovich, 1991; Johnson & Norris, 1994).
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Although synchrony is pervasive in many qualitative descriptions of cetacean
behavior, it is an activity that the scientific community knows little about. In order to
begin to elucidate why dol phins tend to behave synchronously, it may be helpful to first

examine synchrony in other species.

Schooling in Fish and Flocking in Birds

The behaviors of schooling fish and flocking birds share many similarities.
Several investigations of the mechanisms of schooling and flocking parallel each other
and also share severa hypotheses as to why schooling and flocking are beneficial.

Birds or fish that move in asimilar orientation to each other with regular spacing
and uniform speed can be classified as “ polarized” (Breder, 1967; Partridge, 1982a).
Non-polarized groupings are called aggregations, and aggregations of fish are often
called shoalsto differentiate them from a polarized school. Aggregations will sometimes
become polarized briefly, but generally have aloosely organized structure. The use of
computer simulations has shed considerable light on the mechanisms of polarized
movement. The movement of polarized groups appears to be governed by local rules that
apply to each individual. A member’ s position within the group reflects a compromise
between local rules of attraction and repulsion, that is, attraction to the safety of the group
and repulsion from being too close to neighbors. In addition, each member matches its

velocity and heading to the average of its nearest neighbors (Aoki, 1982; Hasegawa &
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Soeda, 1985; Heppner & Grenander, 1990; Lawren, 1991; Niwa, H.-S., 1996; Vabg &
Nettestad, 1997; Wickelgren, 1990).

In fish, the ability to school develops at about the time of metamorphosis from the
larval to the juvenile stage in Atlantic herring (Clupea harengus; 35-40 mm; Gallego &
Heath, 1994). More specifically, Masuda and Tsukamoto (1998) found that the ontogeny
of schooling was dependent upon development of the visual systemsin striped jack
(Pseudocaranx dentex; 12 mm or 25 d).

As suggested by Masuda and Tsukamoto, schooling is primarily mediated by
vision, and secondarily by mechanosenses. In experiments with coho salmon
(Oncorhynchus kisutch) in which light intensity was gradually reduced, it was found that
lower levels of light caused greater nearest neighbor distances (NND) and nearest
neighbor angles (NNA), two variables used to quantify degree of polarity (Azuma &
Iwata, 1994). Similarly, Hunter (1969) found that a jack mackerel (Trachurus
symmetricus) stimulated by shock and positioned paralel to aresponse fish had a greater
impact on the response fish’ s vel ocity than a stimulated fish positioned either in front of
or behind the response fish. Hunter theorized that the lateral fish occupied more degrees
of arcin the visual field and so was better seen and had more of an impact on the
response fish. The degree of the response also relied upon the angle of velocity, and

therefore on the visual perception of movement. Light reflecting off of external surfaces
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(including the lateral line) of the horse mackerel (Trachurus trachurus) helps neighbors
to keep track of each other’s velocity and direction (Rowe & Denton, 1997).

Although vision isimportant for schooling, Pitcher, Partridge, and Wardle (1976)
found that a blinded saith (Pollachius virens) was still able to school, although its NND
was significantly greater than before it was disabled. This suggeststhat it is specifically
the rules of attraction that are dependent upon the sense of vision. When the lateral line of
golden shiners (Notemigonus crysoleucus) are denervated, NND becomes smaller,
suggesting that the rules of repulsion are dependent upon mechanosenses (Burgess &
Shaw, 1981). Based on a series of experiments in which fish were either blinded or their
lateral lines denervated, Partridge and Pitcher (1980) also maintain that vision is
primarily important for the maintenance of position and angle between fish, and the
lateral lineis primarily important for monitoring the swimming speed and direction of
travel of neighbors (see Partridge, 1981, 1982b for reviews).

The ontogeny of flocking has not been reported. Presumably, the ability to move
in a coordinated flock is mediated primarily by vision, although auditory cues and subtle
changesin the airstream cannot be discounted. Potts (1984) has suggested that
synchronized movement is enhanced by a“chorusline” effect. After analyzing flocks of
dunlin (Calidris alpina), Potts concluded that a single member was ableto initiate a
maneuver. The initiator’s nearest neighbors responded with a speed that was slower than

experimentally observed minimum reaction times, as expected. As the movement spread
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throughout the flock, however, reaction times between neighbors decreased until they
became up to three times as fast as minimum reaction time. This suggests that individuals
monitor movements of distant flock members and are therefore able to anticipate rapid
turns or swoops with a response time that would be impossible if they were only
watching their nearest neighbor.

Several possible functions of schools and flocks are currently under investigation,
but they may be broken into three main categories. energy conservation, increased
vigilance, and directly decreasing the risk of predation through confusion and dilution
effects.

Energy Conservation. Breder (1965) and Weihs (1973, 1975) have proposed that

theoretically, energy conservation may be a primary function of schooling.
Experimentally, energetic savings by schooling have been found in sea bass
(Dicentrarchus labrax; Herskin & Steffensen, 1998) and in the golden shiner
(Notemigonus crysoleucas; Boyd & Parsons, 1998). The tailbeat frequency and oxygen
consumption rates of sea bass indicated a 9-23% energetic savings in schooling fish over
solitary fish. However, thisisfar short of the 40-50% savings predicted by Weihs.
Likewise, golden shiners demonstrated more endurance while schooling than when
swimming alone, but their positions did not conform to predicted optimal configurations.
(Interestingly, when fish were partitioned away from each other with either aclear or an

opaque divider, those that were in visual contact with each other had greater endurance
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than those that were visually isolated, suggesting that schooling may also have a calming,
and therefore energy-reducing, effect in and of itself.) It appears as though some
energetic savings are realized by schooling fish, but that the savings may be incidental
and that other functions may take precedence (Abrahams & Colgan, 1985; Nonacs,
Smith, & Mangel, 1998; Parrish, 1988).

Mathematical models have aso been developed that predict energy conservation
in flocking, particularly in speciesthat fly ina*“V” formation (Cutts & Speakman, 1994;
Lissaman & Schollenberger, 1970). However, direct observation has failed to
demonstrate that either pink-footed geese (Anser brachyrhynchus; Cutts & Speakman,
1994) or Canadian geese (Branta canadensi; May, 1979) fly in the ideal positionsto
realize the potential energy savings. Similar attempts to discover energy savingsin
polarized flocks that do not fly in “V” formations have demonstrated that energy
conservation is not alikely primary function of flocking (Higdon & Corrsin, 1978;
Pomeroy & Heppner, 1992).

Increased Vigilance. At the core of the increased vigilance or “many eyes’

hypothesisis the idea that being in a group results in a heightened awareness of the
group’ s surroundings over the awareness of any single individual. The first implication of
this heightened awareness is an improved chance of finding food. The second implication

isthat the group will potentially have an earlier warning of impending predation. The
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collective awareness of agroup is dependent upon a method of communication between a
member and the group as awhole.

As predicted by the model, schooling fish are more successful foragers than single
fish, and the success rate increases linearly with school size (Pitcher & Parrish, 1993).
Shoaling, or non-polarized aggregating by fish, has been shown to facilitate learning.
Laland and Williams (1997) found that after training a group of guppies to follow one of
two routes to food and then putting untrained guppies in with them, the untrained guppies
followed the same path as the trained guppies even though following the alternate path
was equally likely to lead them to food. After the trained guppies were removed, the
untrained guppies continued to follow the same path as the trained guppies. The tradition
of following a specific path was transmitted to the untrained schoolmates. Similar results
were found in atransplanted group of free-ranging coral reef fish that |earned to follow
an established daily migration route by following experienced, resident fish (Helfman &
Schultz, 1984).

Although schools are generally considered to be leaderless, under the right
circumstances, asingle individual can direct the rest of the school. Romey (1996) created
a computer simulation that included “biased” fish that were programmed to have a
preference for moving in a particular direction. It was discovered that afish that moved
with purpose was capable of altering the direction of the school as awhole. Although it

was shown that the biased fish influenced the movement of the school, observers of the
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simulated school could not discern which was the “leader.” Experimental observations
have aso demonstrated that when one fish has relevant information that the rest of the
school members do not have, whether it isimmediate sensory information or alearned
response, the knowledgeable fish will deviate from the school’ s average heading and
velocity in order to react to the information. The other members of the school will then
respond to the deviant fish by adjusting their behavior to match the new average
(Aphyocharax sp.: Levin, 1996; Vergara & Levin, 1982; Hemigrammus caudovittatus:
Zhuikov & Pyanov, 1993). In some species, however the knowledgeable fish’s ability to
act on its knowledge will be compromised if the unknowledgeable school members are
alarmed because of an overriding attraction to the school (Cyprinus carpio: Kohler, 1976;
Oncorhynchus keta: Ryer & Olla, 1991).

Birds also can benefit from foraging in groups rather than alone, but the
advantage does not necessarily require synchronous or polarized movement. One line of
evidence to support increased foraging efficiency comes from mixed-species flocks. It
has been shown that when one of two mixed-species flocks are provisioned, only the non-
provisioned flock continues to forage together. Instances of mixed-species flocking by
the provisioned birds diminish (Berner & Grubb, 1985; Grubb, 1987). This suggests that
it was the increased foraging efficiency that caused the birds to flock together. Another
situation in which flocking boosts foraging performance is when unsuccessful foragers

follow successful foragers to food. Common terns (Sterna hirundo) were observed
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leaving their communal roost, and the observers followed them to feeding locations.
Birds that |eft the roost together generally flew to the same feeding area and were more
successful than those that foraged alone. When an individual returned to the roost with a
fish, that bird was more likely to be followed on its next outing. Terns that were
unsuccessful in finding food were consequently more likely to follow other birds than to
strike out alone a second time (Waltz, 1987). Similar results have been observed in
several other species (see Ward & Zahavi, 1973 for areview).

The main difference between non-polarized aggregations of fish and birds and
polarized schools and flocks with regard to information transfer appears to be the speed
with which the information is transferred. Whereas information transfer in non-polarized
groupsis normally described over a period of hours or days, information transmitted in
polarized groups is nearly instantaneous. When it comes to avoiding predators, time is of
the essence. One of the benefits of having “many eyes’ to watch for predatorsis that the
chances of early detection are increased while simultaneously freeing individualsto
devote more of their attention to other activities, such as feeding.

There is evidence to suggest that group membership provides benefitsin the form
of enhanced detection and avoidance of predators. One study showed that fish are more
likely to school when there are no landmarks or protective structures because schooling
provides a* pseudo-shelter” which allows safer exploration of the environment (Mikheev,

1995). Both minnows (Phoxinus phoxinus) and salmon (Oncor hynchus keta) are capable



Synchrony Among Dolphins 10

of receiving and responding to alarm responses displayed by their schoolmates
(Magurran & Higham, 1988; Ryer & Olla, 1991). The escape behavior of schooling
herring (Clupea harengus) is more accurate than a solitary herring because the school is
able to integrate sensory information from the movements of startled neighbors
(Domenici & Batty, 1997). Thereis aso a preference for fish to school with familiar fish
which bestows an advantage because fish that are familiar with each other demonstrate
better predator avoidance behavior (Griffiths, 1997). Sticklebacks (Gaster osteus
aculeatus) have even been shown to receive information about danger when chubs
(Leuciscus cephalus) respond to an alarm chemical to which sticklebacks are insensitive,
demonstrating intraspecies information transfer (Krause, 1993).

Larger flocks of birds also benefit from the increased vigilance afforded by
having “many eyes’ (Pulliam, 1973). In house sparrows (Passer domesticus), an inverse
relationship was found between flock size and time spent in predator surveillance (Elgar
& Catterall, 1981). Similar results were found with red-billed weaverbirds (Quelea
guelea) in which decreased amounts of individual vigilance led to increasesin the
amount of food consumed (Lazarus, 1979b). Lazarus (1979a) also found that as flock size
increased the type of response elicited by a predator changed from the more extreme
response of taking wing, to flight intention movements, to a more conservative response
of orienting towards the predator. This trend can be understood functionally in terms of

the reduced risk of capture in larger flocks. Some species (turnstones, Arenaria interpres,
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and purple sandpipers, Calidris maritima) will even exhibit decreased levels of individual

vigilance while in mixed-species flocks, again demonstrating intraspecies information

transfer (Metcalfe, 1984).

Decreased risk of predation. In addition to facilitating predator detection among
its members, schooling and flocking behavior can reduce a predatory attack’s
effectiveness directly through dilution and confusion effects. A dilution effect occurs
when an individual’ s chance of being attacked decreases linearly with the size of the
group. That is, each individual’ s probability of being selected as atarget is reduced when
there are 50 fish to choose from rather than 5. A confusion effect occurs when the
predator has difficulty zeroing in on any one member because of the simultaneous
movement of all members of the group. Partridge (1981, 1982b) has proposed that
protection against predation via dilution and confusion effects is the primary purpose of
schooling.

Roberts (1996) has similarly argued that reduced predation is primarily
responsible for flocking in birds, pointing out that the decreased amount of vigilance that
is attributed to the “many eyes’ hypothesis may actually be the indirect result of
decreased pressure to be vigilant because each individual is actually safer. This argument
appears to have some merit as spotted turtle doves (Streptopelia chinensis) were shown to
reduce their vigilance while feeding at square feeders but not while feeding at linear

feeders, presumably because each individual bird felt less at risk while clumped together
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(Sadedin & Elgar, 1998). Cresswell (1994) reported that although predators attacked
large flocks of redshanks (Tringa totanus) more often, attacks on smaller flocks were
more likely to be successful. House sparrows (Passer domesticus) prefer to join larger
flocks than to forage alone or in pairs, even when this decision reduces food intake
(Elgar, 1987).

In summary, athough energy conservation at first appeared to be alikely function
of synchronous behavior, the experimental evidence failed to demonstrate anything near
optimum energy savings. Secondly, the predictions of the “many eyes’ hypothesis are
consistent with observations of large groups. Although synchronous behavior is not
necessary for the transmission of information, particularly in the case of foraging,
synchrony may be helpful for rapidly transmitting signals between members. Thirdly, the
decreased risk of predation has strong support in the literature and also fits nicely as a
function of synchrony. Both dilution and confusion effects are optimized when all
members look or act similarly.

Thus far, there appear to be some similarities and some differencesin how
synchronous movements are used in fish and birds as compared to dol phins. Both groups
potentially benefit while travelling, foraging, feeding, and avoiding predators because of
the possible conservation of energy, transmission of relevant information, and dilution
and confusion effects. Although both vocal and motor imitation have been observed in

some birds (Moore, 1996), the role of imitation in flocking formationsis not clear. In
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addition, athorough search did not turn up any evidence of imitation, teaching, or play in

fishes.

Flashing in Fireflies

Another striking example of synchrony occursin the insect world. Thereisavery
interesting phenomenon in some species of fireflies that inhabit parts of Southeast Asia.
Along certain riverbanksin Thailand, Maaysia, and New Guinea, millions of male
fireflies congregate in the trees flashing in perfect synchrony, their rhythm more regular
than a sleeping human'’s heartbeat (Buck, 1988). In the 1930s, biologist Hugh M. Smith

described the effect vividly:

Imagine atree thirty-five to forty feet high . . . apparently with afirefly on every
leaf and al the fireflies flashing in perfect unison at the rate of about three times
in two seconds, the tree being in complete darkness between flashes. . . . Imagine
atenth of amile of river front with an unbroken line of trees with fireflies on
every leaf flashing in synchronism, the insects on the trees at the ends of the line
acting in perfect unison with those between. Then, if one’simagination is
sufficiently vivid, he may form some conception of this amazing spectacle.

(Stewart, 1999, p. 104)
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Each firefly’ sflash is controlled by a neural timing mechanism in the brain that
can be influenced by photic stimulation of the eye. The timing mechanism is best
described as a pulse oscillator that regulates the amount of time that must el apse before
the next flash. The period between flashes is species specific and is accurate to about 13
msec in the New Guineafirefly (Pteroptyx cribellata). The timer operates much like the
action potential of a neuron in which a charge gradually builds until a specific threshold
is reached, the system discharges in the form a flash, and then the charge returns to
baseline (Hanson, Case, Buck, & Buck, 1971).

Witnessing a neighbor’ s flash can either cause the oscillator’ s charge to increase,
called phase-advanced, or cause the oscillator to reset itself without discharging and start
the count over, called phase-delayed. The tendency to exhibit phase-delayed or phase-
advanced behavior also appears to be species specific, although more research is needed
to confirm that each speciesis exclusively of one type or the other (Buck, 1988).

In phase-delayed species, the flashing of Firefly B next to Firefly A resetsA’s
oscillating timer so that on the next cycle, both will flash together (Buck, 1988). Once
entrained, the two will continue to flash synchronously indefinitely because their species-
specific oscillators are set to the same phase length. In phase-advanced species, the
sensitivity of the oscillating timer to other flashesis the key to coordinating the flashes of
the entire population. According to the Mirollo-Strogatz model, each oscillator is coupled

to every other oscillator within the firefly’ s visual field. When Firefly B flashes next to
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Firefly A, it causes A’ s oscillating timer to advance prematurely until, after afew cycles
of flashes, A will become entrained to B’ s rhythm. In both phase-advance and phase-
delayed species, A and B will then have a similar effect on their neighbors until each
individual is absorbed into A and B’ srhythm (Stewart, 1991; Strogatz & Stewart, 1993).

Although progress has been made in determining the mechanisms of synchronous
flashing, the function of this population-wide synchrony is still unknown. One
speculation is that synchronous flashing affords increased visibility from longer distances
than if the flashes were temporally distributed. Flashing in synchrony could serve as a
beacon to females who must travel through dense vegetation to find males with which to
mate. Other possibilities include methods of identification of females (because they do
not flash synchronously), or identification of conspecifics (Buck, 1988).

Although the mechanisms and outward manifestations of synchrony are most
likely different between fireflies and cetaceans, this does not automatically preclude
similarity of function. The specific message of the firefly’ s flash has not yet been
decoded, but the purpose appears to be signaling of some kind. It is possible that

synchrony in dolphins may also convey information to others.

Human I nteraction

Synchrony has also been a subject of study in human behavior. What has

generally been termed synchrony in the literature has alternatively been called
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interactional synchrony, dyadic synchrony, perceived synchrony, mutuality, or social
coordination. Thistype of synchrony, which includes both verbal and nonverbal
behavior, is characterized by a smooth, rhythmic flow of interaction between dyad
members, afluid give-and-take, and joint attention to a single topic or object. From this
point on, thistype of synchrony will be termed socia coordination in order to avoid
confusion with simultaneous movement.

Various functions have been proposed for social coordination. Social coordination
facilitates smooth verbal exchange, and can be a communication tool in and of itself by
signaling interest and approval (Bernieri, Reznick, & Rosenthal, 1988). It aso appears to
be important in parent-child interactions. Mother-child coordination is higher when the
child has a secure attachment style versus an insecure attachment style (Crandell,
Fitzgerald, & Whipple, 1997; Isabella, Belsky & van Eye, 1989). Higher levels of
coordination with parents during infancy or toddlerhood are associated with more
incidences of symbolic play at two years of age (Feldman & Greenbaum, 1997), better
adjustment in kindergarten (Harrist, Pettit, Dodge & Bates, 1994), and increased
cognitive abilities at two and five years of age (Kirsh, Crnic & Greenberg, 1995). Social
coordination is negatively correlated with having an alcoholic father (Whipple, Fitzgerald
& Zucker, 1995).

Tronick, Als, and Brazelton (1980) described another method of measuring social

coordination that has been useful with very young infants. Tronick et al. videotaped
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mothers as they played fact-to-face with their infants who were sitting in a car seat. The
videotapes were then analyzed frame by frame for specific characteristics of gaze, head
orientation, facial expression, and body position. VVarious combinations of those
characteristics were distilled into seven monadic phases: avoid, avert, monitor, set, elicit,
play, and talk. The critical feature of Tronick et al.’s system was whether the mother and
infant were engaged in similar phases and whether they coordinated changes in phase
with each other. Studies that use the face-to-face play paradigm have discovered that high
levels of mother-infant coordination at three and nine months are associated with higher
levels of self-control and symbolic play at two years (Feldman & Greenbaum, 1997,
Feldman, Greenbaum & Yirmiya, 1999). There is some evidence to suggest that the
infant’ s ability to maintain the rhythm of the interaction is biologically based in that pre-
term infants exhibit less social coordination than full-term babies at both three and five
months (Lester, Hoffman & Brazelton, 1985).

An interesting feature of social coordination is that members of the dyad often
react to each other at speeds that are impossibly fast given the neurological limits of
reaction times. Stern (1977) notes that typical interactions are generally perceived as a
back-and-forth phenomenon where each partner reacts directly to the other partner’s last
action. However, this perception isn’t supported by laboratory observation. Instead, it
appears as if humans generally share acommon program of expected rhythmic

exchanges. When the partner’ s behavior deviates from the anticipated rhythm, the
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deviation provides clues about what to expect on subsequent volleys. It is therefore not
specific behaviors that trigger specific responses from asocial partner, it is a pattern of
behaviors that guide the course of smoothly-coordinated interaction. Stern provides an
example of a couple dancing awaltz. Both partners have knowledge of the overall
structure of the dance, but at specific, predetermined intervals, decisions must be made
and effectively communicated to each other in order for the dance to continue smoothly.
A couple with a high level of coordination will be able to negotiate these decision points
effortlessly by using cues provided by what happened at the last decision point, and the
one before that. If they were only using the information from the last step taken before
the decision point, there would not be enough time to react appropriately, and
coordination would suffer.

Another type of synchrony in humans is generally referred to as simultaneous or
reciprocal imitation. The behavior begins with one person imitating another’ s action, but
then both continue the behavior together synchronously. In some cases, the line between
synchrony and imitation is difficult to distinguish as imitation could be described as
delayed synchrony.

The ability to engage in complex acts of imitation first appears at about 18 months
of age, which is also the same age as toddlers begin to develop a self concept. It is
theorized that children are able to synchronize their movements with another because

they have recognized themselves as a“self” and the other person as an “other” and can
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now cause the Self’ s actions to correspond with the Other’ s actions (Asendorpf &
Baudonniére, 1993; Asendorpf, Warkentin, & Baudonniéere, 1996). Imitation quickly
becomes a primary vehicle of communication for this age group. Once imitation begins
to occur, its incidence increases until about 20-28 months of age when itsuseis
superceded by verbal communication. At that point, the occurrence of imitation begins to
decline (Baudonniére, 1988; Eckerman, Davis & Didow, 1989; Nadel-Brulfert &
Baudonniere, 1982). Imitation is the most common response to a play overture performed
by either an adult (Eckerman & Didow, 1989) or a peer (Ross, 1982). Likewise, when
adults purposefully imitated toddlers, the toddlers responded by continuing to act on the
object, repeating the action with the same object, generating imitation games with the
imitator, and looking at the partner’ s face. Toddlers that were imitated generated longer
bouts of joint action and completed more turnsin a social bout than toddlers that were
interacted with but not imitated (Eckerman & Stein, 1990). Even in older children that
have more sophisticated verbal communication skills, imitation remains an important
method of conducting social interactions. Abramovitch and Grusec (1978) found that
children of four to eleven years of age continue to spontaneously imitate their peers, and
that dominant children were more likely to be imitated and also more likely to reciprocate
with imitation. In afollow-up study, Grusec and Abramovitch (1982) noted that a child
that was playing alone could effectively join a group by imitating one of the members.

Another positive consequence of imitation was that imitating generally caused the level
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of social interaction already in progress to be either maintained or to increase. Imitators
were almost never responded to negatively. The prevalence and context of simultaneous
imitation suggests that it is an effective method of social communication.

One reason why imitation may be so effective at facilitating social interactionsis
that being imitated has reinforcing properties. A common method for assessing the
effects of being imitated is to have a subject complete a task that has ambiguous
solutions, have one confederate imitate the subject’ s responses, and another confederate
select different responses. Generally, the model subsequently expressesliking the
imitator more than the nonimitator, and is more likely to reciprocate by imitating on
additional tests. A non-imitative response that is also contingent upon the model’s
behavior is not shown to have the same effect as imitation, ruling out the possibility that
it is predictability that is reinforcing rather than imitation (Fouts, Waldner & Watson,
1976; Smeets & Kauffman, 1983; Thelen, Dollinger, & Roberts, 1975; Thelen &
Kirkland, 1976).

The positive effects of imitation may be even more pronounced when the model is
overtly attempting to teach a behavior. In one study, female college students taught two
seventh-grade male confederates an unusual method for completing a math problem. In a
subsequent test in which the students were free to solve math problems by any method
they chose, one confederate solved the problemsin the manner the teacher had shown

them and the other solved the problems with equal accuracy, but using a traditional
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method. When the teacher evaluated the students, the imitator was deemed to be more
likable, more intelligent, more creative, better adjusted, and more likely to do better in
school than the nonimitating student (Roberts, Santogrossi & Thelen, 1980).

Although synchronous imitation is more prevalent in children, the phenomenon is
not completely absent in adults, and the behavior appears to retain its positive affect in
most circumstances as well as its communicative purpose. A confederate was instructed
to imitate subjects’ conversational behaviors of posture, vocal pitch, and gross
movements of the head, limbs, and trunk. Subsequently, the confederate was rated by
most subjects as more competent, socially attractive, and sincere by subjects who were
unaware that they had been imitated. If the experimenter casually suggested that the
confederate may have been imitating, either intentionally or unintentionally, the subjects
opinions of the confederate became negative (Manusov, 1992). Evidence that imitation
retains its communicative purpose is provided by the fact that people will wince to show
empathy when another person sustains an injury more often when the injured person
makes eye contact than when the person turns away (Bavelas, Black, Lemery & Mullett,
1986).

In summary, synchrony in humans appears to be an important behavior from the
time infants are able to achieve synchrony and throughout their lives, athough synchrony

ismost important before verbal language skills are fully developed. Imitation increases
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the likability and attractiveness of the imitator, perpetuates social interactions, and
generally causes an increase in cohesiveness.

As many species of dolphins are sociable, any behavior that increases the success
of social interactionsis likely to be valuable to them as well. The outcomes of
synchronous and imitative behavior in humans are consistent with things that are
desirable in a cetacean community as well — being attractive to conspecifics, prolonged

social contact, and cohesiveness between group members.

Synchrony in Dolphins

There have been afew studies that examine cetacean synchrony in general. Dive
synchrony has been studied in sperm whales (Physeter macrocephal us, Whitehead, 1996)
and killer whales (Orcinus orca; Bisther & Vongraven, 1995). Synchrony of breathing
has been studied in bottlenose dolphins (Mann & Smuts, 1999; Peddemors, 1990) and in
killer whales (Ray, et al., 1986). However, there has not previously been a quantitative
study of the synchrony of movements of any cetaceans. Even though synchronous
behavior is a ubiquitous feature of many species of dolphins’ interactions, the nature of
the dolphin’saquatic environment makes synchrony an elusive subject of study.

Increased hydrodynamic efficiency has been purported to be a possible function
of schooling in cetaceans. Norris and Prescott (1961) reported calves riding the wake of

their mothers' pressure waves, an assumption that was supported theoretically by Lang
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(1966). Williams, et al. (1992) tested the theory experimentally and found that a
bottlenose dol phin was able to swim faster when bow-riding than when free-swimming.
Furthermore, the dolphin was able to maintain equal respiration rates and serum lactate
concentrations and even lower heart rates while bow-riding. The results indicate that
dolphins are able to utilize hydrodynamic disturbances created by larger objects such as
boats or whales to their advantage, although the implications for dolphins of equal size
swimming together are not known.

A second proposed function of synchrony isthat it may enhance predator and
prey detection. Norris and Dohl (1980) have speculated that a dolphin school moving in
synchrony acts as a single, hyper-sensitive organism, or a sensory integration system
(S1S). The key to the SIS s heightened abilitiesis the rapid transmission of information
from every individual in the school to every other individual. Aslong as the members of
the pod arein visual contact with each other, subtle deviations in the synchronous
movements of one or two members may transmit useful information to the rest of the
pod. While some changes in gross movement would be detectable to other dolphins even
if the group were swimming in aloose aggregation, the SIS would be more efficient if
every member were moving exactly together rather than in a generally similar direction
and speed. Subtle changes in movement or eye gaze would not be detectable if the pod

were not tuned to a synchronous rhythm or movement pattern. If membership inan SIS
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does improve overal vigilance, then synchrony would be beneficial during travelling and
foraging.

Detection of predators and prey may also be facilitated by synchrony during
periods of passive listening to a neighbor’ s echolocation click trains. Xitco & Roitblat
(1996) demonstrated that a bottlenose dolphin that was prevented from echol ocating by
positioning his melon above water could nonethel ess receive detailed information by
listening to another dolphin as he echolocated. The information received was sufficient
for the listening dolphin to perform a three-alternative match-to-sample discrimination at
67% accuracy (chance was 33%). In this study, the dolphins were positioned precisely by
utilizing a stationing hoop and a bite plate so that the rostrums of the listener and the
echolocator were separated by only 30-40 cm, less than 5° relative to the sample object.
Although the receptive field of areturning echo encompasses a cone of about 10° (Au &
Moore, 1984), it isinteresting to note that the listening dolphin often slid along the bite-
plate so that he was even closer to the echolocating dolphin than required by the
experimenter. In areal-world situation without a stationing apparatus, the best way to
maintain this remarkably close spacing for extended periods of time would be to move in
synchrony with each other. This also would make synchrony common during travelling
and foraging.

A third proposed function of synchrony is that, as with birds and fish, synchrony

exhibited within a pod may help protect dol phins from predators via dilution and
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confusion effects. Solitary dolphins may be at greater risk of death than dolphins that
regularly associate with others simply because within a group, there are more targets to
choose from. In addition, moving in unison may contribute to confusion of the predator
by causing avisual distraction. The anti-predator advantages of dilution and confusion
could help explain of why dolphins tend to coalesce into atightly-formed, highly-
synchronous school in response to dangerous or novel situations.

A fourth function of synchrony could bethat it isimportant in social contexts as
indicators or reassurances of affiliation, or as a method of maintaining or advertising
hierarchical relationships. As an expression of affiliation, moving in synchrony may
strengthen mother-calf bonds as well as the bonds among male coalitions. Affiliation
expressed in this way may also inform other dolphins that certain individuals have an
aliance. That synchrony is often observed during other affiliative acts such as caressing
and during bouts of play supports this hypothesis. If it is shown that specific individuals
are responsible for maintaining synchrony within a group, then synchrony may also have
implications within hierarchical relationships. A dominant animal may routinely enforce
synchronous interactions. Alternately, subordinate animals may initiate synchrony as a
display of submission or as a method of gaining favor with more powerful members of
the group. Similar functions have been attributed to grooming behaviors in primates

(Dunbar, 1991).
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As afifth possible function, synchrony may also play arolein imitation as
communication or as alearning mechanism. Dolphins are reportedly adept imitators.
Tayler and Saayman (1973) observed severa occasions of dolphins spontaneously
imitating conspecifics and intraspecifics at the Port Elizabeth Oceanarium in Port
Elizabeth, South Africa. Haig, a mature bottlenose dolphin female, began to mimic the
swimming, resting, and grooming behaviors of a Cape Fur Seal (Arctocephalus pusillus)
that was housed in the same tank. Haig and other dolphins at the oceanarium were seen
imitating a skate (Raja sp.), aloggerhead turtle (Caretta caretta), a human scuba diver,
and a human smoking a cigarette (by using milk in lieu of smoke) with high fidelity. Haig
even learned how to use a steel scraper to dislodge and eat seaweed from the tank bottom
after watching a diver perform the behavior. Once the scraper was removed, Haig
improvised by using a broken ceramic tile to scrape the bottom. Lady Dimple, another
femal e bottlenose dolphin, watched Haig intently and began to imitate this new behavior.

Dolphins have al'so demonstrated their ability to imitate humans and conspecifics
under experimental conditions. In one study involving two bottlenose dolphins, Hiapo
and Elele, each dolphin looked on as a human swimmer was given a novel hand signal,
performed a novel behavior, and then was rewarded with a fish (which the human put in a
pouch). The dolphin was then given the same hand signal to seeif it would imitate the
new behavior. The same procedure was later repeated using a generic “imitate” hand

signal after each demonstration. Both dolphins imitated a significant number of behaviors
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under both conditions, in several cases, after the first presentation (Harley, Xitco,
Roitblat, & Herman, 1998; Herman, Pack, & Morrel-Samuels, 1993). Other dolphins
have performed successfully in similar experiments in which the model was another
dolphin instead of a human, and ageneric “imitate” signal was used (Bauer & Johnson,
1994; Xitco, Harley, & Brill, 1998).

Interestingly, sometimes the imitator begins imitating before the mode! finishes
modeling so that the behaviors are performed simultaneously (H. Harley, pers. comm.).
This suggests that synchrony and imitation may have an intimate connection. Brasau-
Schneck (as cited in Connor & Peterson, 1994) reported that two bottlenose dolphins had
been trained to perform a unique behavior in response to a “be creative” signal. Each
dolphin had aso been trained to perform behaviors synchronously in responseto asignal.
The two signals were then combined into a* creative tandem” command in which the
dolphins were required to perform a unique behavior and perform it together. The two
responded by circling underwater for awhile before they began to swim synchronously,
leapt into the air, and spit water together. Synchrony may itself be a medium of rapid
communication between animals that are extremely “in tune” with each other’s most
miniscule movements. Synchrony may be the foundation upon which imitation, a sort of
delayed synchrony, rests.

An instance of a mother spinner dolphin teaching her calf complex aerial

maneuvers (Johnson & Norris, 1994) is another intriguing example of how synchrony
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and imitation may work hand in hand to achieve complex goals. The aerial behaviors of
young spinner dolphins are often uncoordinated and imprecise; learning and practiceis
required before the juvenile' s leaps and spins attain the smooth coordination of adult
leaps. Oftentimes, parents and alloparents are seen performing aerial maneuvers with
young calves, which Johnson and Norris have speculated may be an example of teaching.
In one instance, a mother and her calf were seen leaping in synchrony for up to 13 leaps
in arow. If the mother were providing an opportunity for the calf to practiceits skills by
leaping more often when the pair was swimming synchronously, or if she was enforcing
synchronous swimming while leaping, it could be considered teaching (Caro & Hauser,
1992). In avariety of circumstances, synchronous behavior could be an efficient manner
in which to teach a calf new skills.

In summary, synchrony has been observed in several contexts: while travelling,
foraging and feeding, in response to stressful situations, while playing, possibly while
teaching, and during affiliative and sexual behaviors. Travelling and foraging in
synchrony may be related to energy conservation, increased awareness of predators and
prey as a sensory integration system, and predator avoidance through dilution and
confusion effects. Synchronous reactions to novel or threatening situations may be a
generalized anti-predator response. Synchrony may be a medium of communication

while playing and teaching, and also may be a display of affiliation and/or hierarchical
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status to partners and other pod members. Of coursg, it is likely that synchrony plays

more than one role in each these contexts.

M other-Calf Dolphin Behavior

Several observations of early mother-calf behavior have been reported for
bottlenose dolphins (Dudok van Heel & Meyer, 1974; Johnson & Norris, 1994; McBride
& Hebb, 1948; McBride & Kritzler, 1951; Tavolga, 1966; Tavolga & Essapian, 1957,
WEells, 1991). Gestation is known to be approximately 12 months (Harrison, 1969); labor
can be as short as 20 minutes or as long as several hours. During labor, the mother will
often remain at the surface and flex her peduncle up and down asif stretching. The calf is
delivered in a breech presentation, with the flukes advancing and retreating several times
before the calf isfinally released. Immediately after birth, the umbilical cord breaks, and
the calf swimsto the surface for itsfirst breath. Occasionally, the mother or another
dolphin aids it to the surface by pushing it upwards. Although the dorsal fin and flukes
areinfirm or floppy for severa hours, the calf is precocial and is capable of swimming
immediately. Infants are born with or quickly develop a strong tendency to follow. Very
young calves that have been temporarily separated from their mothers have reportedly
followed other tankmates, even males (McBride & Kritzler, 1951). Often, an alloparent

or “auntie” will accompany the calf until the mother passes the placenta or while the
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mother isforaging or feeding. Otherwise, the calf stays with the mother nearly all of the
time.

Suckling behavior is generally observed within two to six hours after birth
(Dudok van Heel & Meyer, 1974, Reid, Mann, Weiner, & Hecker, 1995; Schroeder,
1990; Triossi, Pace, Terranove, & Renzi, 1998), although Eastcott and Dickinson (1987)
report one notable exception where the calf did not even attempt to suckle until she was
17 hours of age and was not successful until she was 21 hours old. Suckling occurs most
often during the first week of the calf’s life and gradually decreases in frequency until
weaning. Throughout the first year, bouts of suckling occur on average two to four times
per hour (Cockcroft & Ross, 1990; Dudok van Heel & Meyer, 1974; Eastcott &
Dickinson, 1987; Peddemors, Fothergill, & Cockcroft, 1992; Reid, et a., 1995;
Schroeder, 1990), and each suckle lasts three to ten seconds (Cockcroft & Ross, 1990;
Eastcott & Dickinson, 1987; Mann & Smuts, 1999; Peddemors, at a., 1992; Reid, at al.,
1995; Trioss, et a., 1998).

Every calf that isto survive requires the constant, unwavering attention of its
mother or an alloparent. In most cases, the calf remains at the mother’ s side almost
exclusively. The mother is capable of directing the calf’s behavior in this position by
herding it away from walls, dangerous objects, predators, and other dolphins (Cockcroft
& Ross, 1990). In captivity, the mother will often create a“playpen” by continually

circumnavigating the perimeter of the tank, keeping the calf on the inside of this circular
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path (Bateson, 1974). In thefirst days of life, any attempt by the calf to stray from the
mother’ s side is met with immediate retrieval and sometimes punishment. Punishment
takes the form of being held to the bottom for up to a minute, or being immobilized above
the surface of the water on the mother’ s belly for several seconds (Dudok van Heel &
Meyer, 1974; Tavolga, 1966; Tavolga& Essapian, 1957). In the wild, maternal groups
often travel with one or more calves swimming between two or more adult females,
forming a second type of “playpen” (Bel’kovitch, 1991). Failure of the mother or
alloparent to strictly control the calf’s movements generally leads directly to the calf’s
death (Dudok van Heel & Meyer, 1974; Johnson & Norris, 1994; Tavolga & Essapian,
1957).

During the first one to two months, the mother and infant are found most often
with the calf swimming next to the mother’ s dorsal fin, and the pair are either in direct
contact or very near each other (Echelon position). Respiration during thistimeis highly
synchronous (Mann & Smuts, 1999; Peddemors, 1990). It is thought that the calf receives
a hydrodynamic advantage by maintaining this position in that it is carried along in the
pressure wave created by its mother (Norris & Prescott, 1961). The calf isableto keep up
with its mother, even at top speed, and the calf’ s tail generally does not beat at the high
rate that would be expected during high-speed travel (Wells, 1991). After thefirst one to
two months, the calf then shifts to maintaining a more caudal position under the mother’s

tail (Infant position; Cockcroft & Ross, 1990; Connor, Wells, Mann, & Read, 2000;
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Gubbins, McCowan, Lynn, Hooper, & Reiss, 1999; Mann & Smuts, 1999) and can be
seen swimming regularly with other companions (Tavolga & Essapian, 1957). By this
time, it has presumably attained the skills that allow it to leave the mother’ s dlipstream.

The transition of the calf from swimming primarily in Echelon position to Infant
position marks the beginning of its gradual shift towards independence. Although the
association remains strong between mother and calf for three years or more, the calf
begins swimming away from its mother increasingly often and for longer periods of time
(Cockceroft & Ross, 1990; Connor, et al., 2000; Gubbins, et a., 1999; Mann & Smuts,
1999). The calf begins to take afew fish sometime between six and twelve months of
age, but continues to nurse in decreasing amounts until as old as four years (Peddemors,
et al., 1992; Wells, 1991). The calf and mother continue to maintain strong bonds
throughout weaning, and the calf will return to swim with its mother when threatened or
tired (Essapian, 1953).

Since behavioral synchrony has not been studied previously, investigating the
synchrony of a mother-calf pair seems like a natural place to start. Although synchrony
appears to be present in many cetacean relationships, nowhere isit more prevalent than
between a mother and her young calf. Specific characteristics of synchrony are likely to
be expressed differently between mother and calf than between adults, and it is hoped
that some of the important differences will become apparent during these observations.

The primary goals of this study areto 1) determine when synchronous behavior first
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appears, 2) measure how prevalent synchrony is during the first month of acalf’slife, 3)
quantify specific characteristics of synchrony such as frequency and spatial relationships,
4) observe any trends that may occur over the course of the observation period, and 5)

Speculate on possible functions of synchrony.

Method

Participants

Naia, a captive-born female bottlenose dolphin (Tursiops truncatus), was the focal
animal in this study during the first four weeks of her life. Naia' s tankmate throughout
the study was her mother, Noriko, an adult bottlenose dol phin. Naia was Noriko’ s first
calf and has survived to six years of age at the time of thiswriting. Noriko and Naia were
housed at The Living Seas at Disney’s EPCOT in Orlando, Florida. At the time of
observation, they remained in a 20-ft by 25 ft by 6-ft rectangular research pool that was
adjoined via a flow-through gate to another pool of similar measurements. The gate was
closed for the first week after Naia s birth, but was open for the remainder of the study.
Although the pair was free to move between both tanks, they were never observed to do
so during the study period. A 6.5 million-gallon, 27-ft deep viewing tank was connected
to the research pools, but the dolphins' access was restricted to the research pools during

the early stages of Naia' s infancy for safety reasons.
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Two other adult female bottlenose dolphins shared living quarters with Noriko
before and after Naia s birth, with the exception of Naia sfirst week. Ninawas Noriko's
most frequent companion, and Snapper was more likely to swim alone. Neither Nina nor
Snapper were presumed to have previously given birth, though their detailed histories
were not available to the experimenter. Two adult male bottlenose dolphins inhabited the
large viewing tank throughout the study, but were not in contact with any of the animals
under observation.

Materials

A black and white video camera (Sony SSC-M370 B/W CCD) and VCR (Sony
SV P-120) recorded the movements of Naia and Noriko at regularly programmed
intervals. The camera was mounted directly above the center of the research pool, and its
view encompassed the entire area that the mother and calf could access within that pool.
A date/timestamp recorded the time to the nearest second in the upper right corner of the
video. The timestamp partially obscured approximately 5.5% of the view.

Procedure

Recording began at 0200, less than one hour after Naia' s birth. Noriko and Naia
were recorded continuously for 12 hours, and the first five minutes of every hour were
analyzed. At 1800, the video camera began recording the initial five minutes every two-

hour period. On the 7" day, the two other adult female bottlenose dol phins were
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reintroduced to Noriko and Naia s tank. At times, the other adults swam into the other
pool, but their access to the mother-calf pair was never restricted after the first week.

A focal-animal sampling technique (Altmann, 1974) was used in which 117 5-
minute video segments were analyzed for mother-calf synchrony. The samples were
distributed over the four-week observation period with a mgority of the observations
occurring during the first week when changesin the calf’ s behavior were occurring
rapidly. Thirty-seven segments were then analyzed a second and third time with the calf
and the other two females as the focal pairs. This procedure yielded atotal of 400
minutes of observations while the mother and calf were alone, and 185 minutes while all
four dolphins were together that was analyzed three times — once for each focal pair
(Table 1). In addition, pilot data were collected on Noriko with each of her two female

tankmates one month (6 segments) and one week (7 segments) prior to Naia s birth.

Community State: Alone All four dolphins together

Mother-Calf Mother-Calf Calf-Nina Calf-Snapper

Week 1 80 seg/400 min n/a n/a n/a

Week 2 n/a 19seg/95 min 19seg/95 min 19 seg/95 min
Week 3 n/a 12 seg/60 min 12 seg/60 min 12 seg/60 min
Week 4 n/a 6 seg/30 min 6 seg/30 min 6 seg/30 min

Total 80seg/400 min 37 seg/185min 37 seg/185 min = 37 seg/185 min

Table 1. Total Number of Segments/Minutes Analyzed.
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Each segment was microanalyzed continuously, second-by-second for
synchronous behavior. When both members of the focal pair were moving
synchronously, specific characteristics of body position and proximity were recorded (see
Appendix A for an example of the data collected during atypical segment).

Synchrony. Synchrony was defined as being engaged in the same swimming state
(i.e., swimming, floating, or spyhopping) while the dolphin’s bodies were within 10° of
being parallel. If one dolphin was required to turn before the other during a bout of
synchrony to avoid connecting with awall, it was not considered a break as long as
synchrony was resumed within 1 second. Several changesin position and proximity
could take place within a single bout of synchrony, which was called a“variable bout”
because the individual characteristics could vary. Each variable bout of synchrony could
in turn be composed of one or more “ static bouts’ of synchrony. In a static bout,
absolutely no changes occurred from beginning to end. In other words, if the calf wasin
infant position for 10 seconds, moved to echelon position for 20 seconds, returned to
infant position for 5 seconds, then broke off, the details of three static bouts of synchrony
and one 35-second variable bout were recorded. Variable bouts were aways separated by
breaks in synchrony.

Position. Body position was divided into three categories: Echelon, Infant, and

Follow-the-Leader. When the dol phins were in echelon position, they were next to each
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Figure 1. Three Position Categories

While in the follow-the-leader position, one dolphin wasin front of the other, with the
follower at |least behind the base of the leading dolphin's flukes (Figure 1).

Proximity. Proximity was divided into four categories: Touching, near,
intermediate, and far. Touching was direct physical contact by fins or other body parts
and could occur in any position. While touching, the specific body partsin contact with
each other were noted. The dolphins were recorded as being near each other when each
was within a maximum of one adult body width. The dolphins' proximity was far if each
dolphin was within one body width of opposite walls of the tank, as far away from each
other as possible within their enclosure. Intermediate proximity was any distance that was
between near and far.

Suckling. Suckling was recorded when the calf wasin the infant position, her

rostrum appeared to be in direct contact with Noriko's mammary area, and she was
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locked on. Possible suckling was recorded when Naia was in the correct body position,
but because of camera angle or unusual behavior, it wasn't possible to be certain that the

calf was actually suckling. All other circumstances were recorded as not suckling.

Initiator/Terminator. When one dol phin changed its swim state and/or orientation
to match that of another dolphin, it was said to have initiated synchrony even though it
appeared to be the second animal to begin performing the behavior. The first dolphin to
break away from the other was the one that terminated synchrony. Simultaneous changes
were recorded as “both”. If it was not possible to see the dolphins when a bout of
synchrony began or ended because they were under the timestamp or areflected glare on
the surface of the water, these situations were recorded as “obscured”. A crossover
occurred when the dol phins were moving synchronously, crossed over or under the other,
and then continued to maintain synchrony. Crossovers often occurred several times
within one bout of synchrony and were noted only for number of occurrences. A break
was not recorded when the calf drifted to an angle greater than 10° while suckling, but
was still clearly attached to the mother, or during crossovers.

Path. During the first week, characteristics of the swimming paths of mother and
calf were also categorized for the entirety of each time segment, whether they were
synchronous or not. Specificaly, it was recorded whether they swam clockwise, counter-
clockwise, or in neither direction, and whether the calf swam on the inside or outside of

the mother’ s circular path, or was swimming independently.
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A second person analyzed six randomly-chosen segments in exactly the same
manner as described above as a verification of coder reliability. The results were then
compared second-by-second to assess agreement between the two coders. A total of 1800
seconds were compared. Overall reliability was high (.91) with results ranging from .82
(which body parts were touching) to 1.00 (swim state). Most discrepancies involved

disagreements of exactly when a transition occurred.

RESULTS

Overall Synchrony

Synchrony was maintained 97.7% of the time and was a dominating characteristic
of early mother-calf interactions. The proportion changed very little throughout the study.
There was an average of 1.0 breaks in synchrony per 5-minute sample with each break
lasting an average of 7 s(SD =5 's). Static bouts of synchrony lasted 13 s on average (SD
=23s), and variable bouts lasted 2 min 31 s (SD =2 min 1 s). Suckling was first
observed 16 h after birth, and each bout lasted an average of 8 s(SD =19).

The mother initiated most bouts of synchrony (74.3%), although there were
several instances where both dolphins changed their behavior to come together
simultaneously (14.9%). The calf terminated more bouts than the mother (57.5% vs.

33.6%) and only 5.3% were jointly terminated. The initiating or terminating dol phin was
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unknown in 2.0% of theinitiations and 3.5% of the terminations because they were
concealed behind the timestamp or a glare on the water.

Hinde' s Index of Association (Hinde & Atkinson, 1970) was used to determine
which partner was primarily responsible for maintaining synchrony. Hinde's Index (HI)
statesthat HI = [U,/(U,, + U)] = [S./(S,, + Sy)], where U represents Unifications, S
represents Separations, and the subscripts m and ¢ represent the mother and the calf,
respectively. The HI can range from +1 (mother completely responsible) to —1 (calf
completely responsible). An HI of O indicates that responsibility for maintaining
synchrony is shared equally between partners. Only instances in which one partner or the
other was clearly responsible for a unification or separation were considered; casesin
which both changed their behavior simultaneously were not included in the calculation.
Noriko and Naia' s HI was +0.5, indicating that responsibility for synchrony fell primarily
on the mother.

While swimming synchronously, the calf spent the majority of her timein
Echelon position (90.1%), followed by Infant position (6.8%), Mom in Calf Position
(2.0%), Calf Leading Mom (1.0%), then Mom Leading Calf (0.01%). Naia spent most of
her time in Touching proximity (82.3%), followed by Near (17.1%), then Intermediate
(0.5%). There were no instances of Far proximity. When the pair was swimming
synchronously while touching, the body parts most frequently in contact with each other

were calf’s trunk to mother’ strunk (80.8%), calf’s pectoral flipper to mother’ s trunk
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(8.9%), calf’ s rostrum to mother’ s trunk which generally represented suckling (7.7%),
mother’s pectoral flipper to calf’s trunk (1.6%), and mother’ s rostrum to calf’s trunk
(1.0%).

Developmental Changes

Several changes were observed at the commencement of suckling. Suckling was
first observed 16 hours after Naia s birth. The first week of the observationa period was
divided into three phases with respect to the onset of suckling. The Pre-Suckling phase
spanned Hours 1 through 15, Early Suckling was used to describe the 24-hour period
after suckling was first observed (Hours 16 through 40), and the Established Suckling
phase included all observations after Hour 40 through the end of the week. The Pre-
Suckling phase was characterized by a small amount of asynchrony, almost no
occurrences of the calf swimming outside of the mother’s circular path, little swimming
in a clockwise direction, and no more than six crossovers per 5-minute sample (M = 1.3).
The Early Suckling phase was characterized by a peak in asynchrony, the calf swimming
outside the path quite often, much more clockwise swimming, and a maximum of only
one crossover per sample (M = 0.6). In the Established Suckling phase, asynchrony
nearly disappeared, the calf swam dlightly less often on the outside, clockwise swimming
dropped dramatically, and a maximum of 13 crossovers were seen per 5-minute sample
(M = 2.8). The general patterns of synchronous behavior instituted in the Suckling

Established phase changed little during the following three weeks (Figures 2, 3 and 4).
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Although many characteristics of synchrony remained relatively stable after
suckling was established, one property that changed was responsibility for maintaining
synchrony. The calf only initiated a single bout of synchrony during the first two weeks.
In the third and fourth weeks, however, the calf initiated 50.0% of the bouts. The mother
initiated 75% or more of the bouts during the first two weeks, but only 41.7% during
Week 3 and none during Week 4. Both dol phins came together simultaneously only about
15% of the time initially, but did so 50.0% of the time by Week 4. The HI fell from 0.5to
0.0 accordingly, indicating that in the fourth week, responsibility for maintaining
synchrony was shared (see Table 2), although it should be remembered that the “ Both”

category was not considered when figuring Hinde' s Index.

Hind€e's

Mother Calf Both Obscured I ndex
Pre- 81.0%/50.0% 0.0%/50.0% 14.3%/0.0%  4.8%/0.0% +05
Suckling
Early 81.6%/41.7% 2.6%/47.9% 15.8%/6.3%  0.0%/4.2% +05
Suckling
Established 77.8%/35.3% 0.0%/41.2%  16.7%/11.8% 5.6%/11.8% +05
Suckling
Week 2 100.0%/0.0% 0.0%/88.9% 0.0%/11.1%  0.0%/0.0% +1.0
Week 3 41.7%/0.0%  50.0%/100.0%  8.3%/0.0% 0.0%/0.0% +05
Week 4 0.0%/0.0% 50.0%/100.0% 50.0%/0.0%  0.0%/0.0% +0.0
Overall 74.3%/33.6% 8.9%/57.5%  14.9%/5.3% 2.0%/3.5% +05

Table 2. Percentage of Bouts I nitiated/Terminated by Each Partner.
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Another characteristic that changed was the proximity maintained between the
mother and calf. In the hours after birth and before suckling was initiated, the calf spent
94.1% of her time in direct contact with her mother. The amount of time spent touching
dropped substantially to 66.0% during the Early Suckling phase but rebounded to 84.8%
after suckling was well established. The amount of time spent touching then gradually
declined through Week 4. As time spent touching decreased, the amount of time spent in

the Near position increased (Figure 5).

Calf’s Behavior with Other Adult Females

The two other adult females periodically swam with the mother-calf pair.
Although the recorded characteristics of proximity and position pertained specifically to
the calf’ s relationship to the other adults, it isimportant to note that the mother was
always present in each interaction.

The calf was synchronous more often with Nina (54.7%) than with Snapper
(8.7%). The calf wasrarely in direct contact with either of the other adults (<1%). The
most frequent proximity with both Nina and Snapper was Near (59.0% and 62.1%,
respectively), but Intermediate comprised a substantial minority (40.1% and 37.7%,
respectively). In relation to Nina, the calf was most commonly found in Echelon position
(66.6%), followed by Calf in Infant position (12.8%), Calf Leading Nina (10.4%), Nina

Leading Calf (6.3%), and Ninain Infant position (3.9%). Echelon position was also
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the most frequent position with Snapper (66.4%), followed by Snapper in Infant position
(15.7%), Calf Leading Snapper (13.1%), Calf in Infant position (2.6%), and Snapper
Leading Calf (1.4%). These proportions remained relatively stable throughout the

observation period (Figure 6).

DISCUSSION

Development of Synchrony

Synchrony is clearly an important component in early mother-calf interaction, as
there was not a single activity other than swimming in general that was observed more
often than moving in unison. Particularly interesting was the finding that dramatic
changes in synchrony occurred during the onset of suckling behavior. During the Pre-
Suckling phase in the first week, the mother appeared to be almost entirely in charge of
her calf. The calf was nearly always kept to the inside of the mother’s circular path, with
her trunk nearly always in direct contact with her mother’s trunk. Most observed
interactions appeared calm and stereotyped, and proceeded amost exclusively in the
mother’s preferred direction of counter-clockwise. In fact, there were two completely
synchronous 5-minute observations in which the pair travelled trunk-to-trunk in a
counter-clockwise direction with the calf on the inside for the entire observation period:
one at two hours and the other at three hours after birth. At ten hours after birth, another

session occurred that was also stereotypical for al but five seconds of the interaction. In
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other sessions during this phase, if the calf managed to break away briefly (5 son
average) from the mother, she was able to react quickly to regain control of her calf and
in order to prevent her from running into awall. The high amount of touching observed
suggests that the mother could be “ steering” her calf around the tank. Alternatively, the
calf could beriding her mother’s slipstream. The calf’ s ability to stay with her mother
immediately after birth, even at high speeds, suggests that she was being helped along in
some manner, either through direct physical support or via slipstreaming.

The onset of prolonged suckling behavior was first observed at 1800 hrs,
approximately 16 hours after the calf’ s birth. Within two hours of beginning to suckle,
the calf was observed negotiating corners successfully while at a distance from her
mother. Four hours after that, the calf began to swim on the outside of her mother’s path,
abehavior that comprised 62% of that session, a remarkable difference from the 1% or
less observed previously. The number of crossovers also increased commensurately. Also
during that session, the mother ceased swimming for 19 s and floated in place; the calf
responded by swimming in atight circle around her three times until her mother resumed
their normal course around the circumference of the tank. The pair repeated this circling
behavior a second and third time two and four hours later.

With the increased amount of freedom, however, came arisk for the calf of
swimming into the walls of the tank or being struck by other dolphins. The Early

Suckling phase was represented by the highest degree of asynchrony (11.1%) of any
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other time period, a proportion that nearly quadrupled from the previous phase (3.2%).
The reason for the increased asynchrony could be attributed to maternal fatigue, or it
could be the result of the mother waiting to observe the calf’ s behavior before reacting to
it. Even amoment’ s hesitation could provide sufficient time for the calf to behave
unpredictably. Whatever the cause of the increase in asynchrony, the result was several
harrowing moments in which the mother only succeeded in intervening between her calf
and awall at the last instant before a collision. A last-second intervention often
necessitated areversal of direction so that the pair wound up swimming clockwise with
the calf recaptured inside the path once again.

Twenty-four hours after the onset of suckling behavior, the overall picture of
synchrony had changed once again. Once the suckling behavior was firmly established,
asynchrony nearly disappeared, accounting for only 0.7% of the calf’stime. The
majority of interactions appeared very calm and orderly, and the calf was still ableto
move freely back and forth between the inside and outside of the path. Interestingly,
although static bouts of synchrony did not change appreciably throughout the study, the
length of avariable bout increased by over 400%, rising from an average of only 53 sin
the Early Suckling phase to 3 min 52 sin the Suckling Established phase. Note that thisis
out of a possible maximum of only 5 minutes, the length of the sampling period. This
pattern indicates that although specific parameters of synchrony such as position or

proximity aren’t changing any less frequently, those changes are less likely to cause a
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break in synchrony because one or both partnersis able to compensate and smoothly
match the changes.

The question becomes what caused the sudden changes observed between the
mother and her calf? One possibility is that the calf had simply developed biologically to
the point where she could control some aspects of synchrony. If this were the case, we
should expect that in observations of other calves, asimilar timetable would be followed.
An aternate possibility isthat nursing, i.e., milk, acted as areinforcer for staying close to
the mother and that the calf learned how to maintain synchrony by being reinforced for it.
It isinteresting that so many changes happened so suddenly once suckling began, but it is
impossible to know whether it was biological maturation or learning that was responsible
for those changes after observing only a single mother-calf pair. The fact that nursing
first occurred relatively late (16 hrsvs. 2-6 hrsin most other accounts) lends support for
the learning hypothesis.

Once a calm pattern of interaction was established, it continued throughout the
fourth week, and levels of asynchrony remained low. The mother allowed the calf to
make a single brief foray away from her, which lasted 20 s, for the first time during the
Early Suckling phase. Another single foray lasting 7 s occurred during the Established
Suckling phase. During the second week, however, the calf began swimming
independently more often. Most of her earliest attempts to swim away appeared

uncoordinated and “wobbly,” much like a newborn ungulate or a new bicyclist whose
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training wheels have just been removed. The calf’ s forward motion often vacillated
somewhat |eft to right, and most turns were very wide. Also during the second week, the
mother began swimming in Infant position more often than in the previous week. It often
appeared that she was hanging back to let the calf lead. Synchrony was maintained in
these cases, but it may have been the case that the mother was synchronizing her actions
to those of the exploring calf. Thiswas atrend that increased through the fourth week.
The calf’ s preference for remaining in Echelon position is consistent with other
accounts of early mother-calf behaviors. However, she had not made the transition to
Infant position by the fourth week and was still exhibiting the high degree of synchrony
normally characteristic of younger calves. This may be areflection of maternal
inexperience, the mother having a particularly restrictive maternal style, slow
development by the calf, or alack of pressure to achieve independence quickly asthe

result of being in a captive environment.

Possible Functions

Synchronous swimming in cetaceans is likely to provide many of the same
advantages as does schooling in fish and flocking in birds. The advantages of schooling
and flocking are thought to be hydro- or aerodynamic energy conservation, increased
vigilance for predators and prey, and decreased predation because of dilution or

confusion effects.
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Most studies or observations of hydrodynamics in cetaceans have involved
subjects of unequal size, e.g., adult dolphins bow-riding with boats (Williams, et al.,
1992) or large whales, or calves dlipstreaming with their mothers (Norris & Prescott,
1961). The fact that the calf appeared to be swimming strongly right after birth but then
swam much more uncertainly when swimming independently two weeks later suggests
that the calf was utilizing her mother’s slipstream to aid locomotion.

Increased vigilanceis at the heart of the sensory integration system (SIS)
proposed by Norris and Dohl (1980) and Norris and Johnson (1994). The mother’ s ability
to maintain synchrony while in Infant position may mean that, as an adult, sheis skilled
at causing her movements to match those of another in order to maintain the unified
movements of the pod. Examination of reaction times of synchronous pairs could reveal
whether their adjustments to each other are quicker than predicted by normal reaction
times. Quicker reaction times would indicate a higher degree of attunement to the
movement patterns of others, which would allow greater accuracy in judging what the
next move might be, just asin the human waltzers discussed earlier.

Synchronous movements could also decrease a predator’ s chances of executing a
successful attack. As mentioned previously, many authors have reported that groups of
dolphins will become more synchronous when threatened by novel or dangerous
situations. That observation was confirmed in this study. Whenever the mother became

agitated, she swam very rapidly and the pair returned to their earlier pattern of



Synchrony Among Dolphins 55

maintaining Touching proximity with trunk-to-trunk contact. In one session observed
during the Established Suckling phase, someone started using a skimmer to scoop
something from the tank during the last minute of the sample. Although the pair had
exhibited the normal amount of variation in position and proximity during the first four
minutes of the sample (24 static bouts were recorded), the last minute was subsumed
entirely by asingle static bout in Echelon position, Touching trunk-to-trunk. The increase
in speed may help corral the calf into the mother’s slipstream, enabling the pair to |ook
more like asingle, large animal to predators (Cockcroft & Ross, 1990).

The most interesting function of synchrony may be as a possible communication
tool. In humans, social coordination is generally high when the bonds between parents
and children are strong, and imitation is associated with increased likability and
prolonged social interactions. For young children who have yet to devel op sophisticated
language skills, imitation may be a primary means of communicating with playmates or
other social partners. Likewise, synchrony could be an efficient manner in which to
strengthen bonds, establish socia relationships, and mediate social interactions for
dolphins as well. Being in a state of synchrony is one of anewborn calf’sfirst
experiences. Over time, synchrony within the mother-calf relationship is likely to become
associated with safety and being nurtured, and also with having a strong bond. With such

precedence, synchrony in future relationships may assume similar meanings. Initiation of
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synchrony may signify affiliation or adesire to establish an affiliative relationship.
Maintaining synchrony may also be reassuring in times of stress.

Future Research

Replications of this study are necessary to be certain that the observations
reported here are representative of the species and not peculiar to these individuals.
However, the consistencies in the mother-infant positions and nursing characteristics
observed between this study and previous reports suggest that Noriko and Naia's
behavior istypical. It would be especialy interesting to know whether the dramatic
changes in synchrony that occurred from 16 to 40 hours after birth are associated with the
onset of nursing or are merely developmental changes that normally occur during that
time period. Future studies that focus on the first two or three days of life could easily
investigate that question.

Observations at later time periods could identify at what point the mother and calf
begin to behave like other adult pairs and could aso be used to examine the relationships
between daughters and even granddaughters. Multiple generations of females have been
known to associate with each other as adults in the well-studied Sarasota population of
bottlenose dolphins (Wells, 1991). Having a measure of synchrony could provide a more
robust picture of their relationships over and above the association index.

Although synchrony is generally ubiquitous, the overall amount of synchrony

was observed to vary between different partners. Measures of synchrony could be used to
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investigate other relationships within cetacean communities. The pilot data from the
adults collected prior to the calf’ s birth suggested that characteristics of adult
relationships between females change during pregnancy, particularly when parturition is
imminent. The relationship between male dyads could also be investigated. After the
mother-calf bond, the male-male bond is purported to be the strongest of all relationships
among bottlenose dolphins (Wells, Irvine, & Scott, 1980). It would be interesting to
compare the characteristics of synchrony between these two distinct but important
relationships.

Since synchronous relationships are differential between individual pairs, itis
possible that hierarchical relationships will be reflected in synchronous behavior.
Cetaceans in captivity have been shown to exist in hierarchies (Bateson, 1974), and
hierarchical relationships are also likely to be present in free-ranging populations (Wells,
et a., 1980). Measures of synchrony could be used to seeif thereis arelationship
between status and responsibility for maintenance of synchrony. High status members
may choose which individuals to be synchronous with and therefore be more responsible
for synchrony. Alternatively, low status members may maintain synchrony as away of
ingratiating themselves with higher status individuals. If such a correlation could be
found in a captive population, the knowledge might be applicable to observations of wild

populations in which monitoring of complex, lengthy behavior patternsis difficult.
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On apractical note, future studies could investigate whether there is arelationship
between levels of synchrony and whether a new member will be accepted into an
established captive group. There is some risk involved in introducing any new individual
to agroup as the newcomer may be rejected and become the object of aggression. Any
early indicators of group acceptance or rejection before overt aggression becomes
obvious would be useful in protecting the safety of each individual.

Finally, synchrony may be useful as a measure of health. Cetaceans often mask
signs of illness until they are serioudly ill, so the early detection of illnessis valuable.
Since cetaceans are known for supporting gravely ill group members (Caldwell &
Caldwell, 1966), it may be true that earlier signs of support, though subtle, could indicate
an impending health threat. In this case, a sudden increase in synchrony may indicate that
one member is becoming fatigued and is conserving energy by slipstreaming with other
group members. Conversely, a sudden decrease in synchrony could indicate that an

individual is having difficulty maintaining normal social patterns.
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