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Abstract

In many species, particular individuals consistently lead group travel. While benefits to followers often are relatively obvious,
including access to resources, benefits to leaders are often less obvious. This is especially true for species that feed on
patchy mobile resources where all group members may locate prey simultaneously and food intake likely decreases with
increasing group size. Leaders in highly complex habitats, however, could provide access to foraging resources for less
informed relatives, thereby gaining indirect benefits by helping kin. Recently, leadership has been documented in
a population of bottlenose dolphins (Tursiops truncatus) where direct benefits to leaders appear unlikely. To test whether
leaders could benefit indirectly we examined relatedness between leader-follower pairs and compared these levels to pairs
who associated but did not have leader-follower relationship (neither ever led the other). We found the average relatedness
value for leader-follower pairs was greater than expected based on chance. The same was not found when examining non
leader-follower pairs. Additionally, relatedness for leader-follower pairs was positively correlated with association index
values, but no correlation was found for this measure in non leader-follower pairs. Interestingly, haplotypes were not
frequently shared between leader-follower pairs (25%). Together, these results suggest that bottlenose dolphin leaders have
the opportunity to gain indirect benefits by leading relatives. These findings provide a potential mechanism for the
maintenance of leadership in a highly dynamic fission-fusion population with few obvious direct benefits to leaders.
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Introduction

Group travel can be directed or suggested by a subset of
individuals, generally referred to as leaders [1-5]. Followers in
these groups can presumably benefit from the leader(s) locating
otherwise unavailable resources or from being led to available ones
more efficiently. When leaders lead from a vanguard position,
leaders can gain direct benefits through “finders share” [6,7] or by
obtaining priority access to food finds if leaders are at the top of
a dominance hierarchy [8]. However, when resources are mobile
and patchy, it is just as likely that followers will locate resources at
a time similar to the leader, and “finders share” or priority access
benefits may be negligible. Under conditions where food is
individually located (e.g. non schooling fish), cannot be subdivided
or shared, and direct competition with other groups is unlikely,
recruitment of others will not increase the foraging gains of
leaders.

If finders share is negligible, immediate benefits (e.g. locating
resources first) are likely not an impetus to leading. In fact,
increased competition may be a cost of leading. For example,
followers may reduce a leader’s intake when resources are located
initially or through learning the location of resources that followers
can exploit later. Potential cognitive load demands could also be
a cost (leaders attention towards resource location reduces
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attention elsewhere [9]). For example, less time may be available
to watch for predators (of concern particularly in small groups,
where individual vigilance is still important). Given the lack of
obvious immediate benefits and the certain costs to leading,
indirect benefits created by helping kin locate resources may
provide reason for individuals in fission-fusion groups to lead
others.

Seemingly altruistic behaviors can occur when the provider
gains a less obvious benefit (e.g. inclusive fitness [10,11]). These
acts may be subtle, such as lowered aggression [12], increased
cooperation [13] or allowing for shared space use such as partial
home range overlap [14]. This type of behavior can also appear
more overt, where costs to the provider and benefits to the receiver
may be more apparent. Examples include helping to care for
young that are not direct progeny [15,16] or forming alliances to
aid with the procurement of resources [17]. In each of these cases,
the providing group members are related to the recipient, and the
providers may benefit indirectly if they improve the short and long
term success of kin. Leaders in fission-fusion groups may lead
relatives by deciding which groups to join and by choosing
whether or not to participate in leadership behavior when they
become a member of a group. If followers gain benefits from this
interaction (e.g. if leaders have more knowledge about where to
find areas with higher prey availability or how to efficiently and
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safely navigate to these areas), and leaders do not gain direct
benefits in return, then the leader-follower relationship may also
appear altruistic.

To test if leaders in groups may lead relatives, we examined
a population of bottlenose dolphins, Tursiops truncatus, in the Lower
Florida Keys (LFK, Figure 1) where evidence for leadership had
been documented [18]. We estimate that this population is small
based on catalog size (current = 217) and the low frequency of new
sightings (2% increase over past 111 group sightings). Bottlenose
dolphins of the Lower Florida Keys exhibit highly dynamic fission-
fusion grouping patterns with membership usually changing
frequently (mean=54%*23 min SD between changes in group
composition; unpublished data) and travel in small sized groups
(mean =4.4%3.35D [19]). Teleosts are the most important prey of
dolphins in the LFK study area. Fish are patchily distributed
primarily due to high abundances associated with shallow (<3,
water depth) seagrass beds that exhibit a patchy distribution [20].
Pinfish (Lagodon rhomboides) a solitary species, is the most abundant
teleost. Other species such as lane snapper, (Luganus synagris) and
grunts (Haemulidae sp.), which occur singly or in small groups, are
also common (J. Lewis unpublished data). These species are all
prey of LFK bottlenose dolphins [21] (Lewis personal observation).
Because of the ephemeral nature of prey resources in the LFK
(patchy distribution with no large schools encountered), bottlenose
dolphins in the area do not socially forage (e.g., rounding up balls
of schooling fish [22]), but instead, travel together and forage
individually on single fish that are located, (e.g. mud plume feeding
[23]). Leaders in these groups therefore do not benefit from
location of prey sources first, or by help of other group members to
secure prey. We have documented that consistent leaders (those
that led significantly more times across groups sampled than was
expected via chance, see further definition of a leader below) lead
groups to areas with greater prey availability compared to
individuals that were not consistent leaders, and that they do this
following more direct routes than other individuals [18]. If leaders
are leading relatives to these better foraging areas, then the
potential for indirect benefits (by helping kin profit) is possible. To
investigate this potential benefit of leading in fission-fusion groups,
we examined relatedness within leader-follower pairs in the LFK
dolphin population and compared to associates who did not have
leader-follower relationships (non leader-follower pairs).

Ethics Statement

For all animal sampling the following steps/protocols were
taken to minimize disturbance. When biopsy sampling, to lower
the impact per individual, we 1) sampled from the area just below
the dorsal fin (avoiding the head and the belly), 2) we compared
each individual targeted to a catalog of previously sampled
individuals to ensure double sampling did not occur and 3) we
used modified bolts which only penetrated the skin and blubber.
Additionally, all equipment that contacted animals was sterilized
prior to use to reduce the chance for infection. Dolphins sampled
were monitored post biopsy for behavioral reaction and to ensure
healing occurred.

Behavioral data used to determine leadership were collected
from a boat which was maneuvered to minimize disturbance (e.g.
slow speed, moving parallel to dolphins) and behavior sampling
was abandoned if disturbance was noted (e.g. continued loud
exhalations or tail slaps seemingly resulting from our presence).

Sample/data collection and sample handling were conducted
under the required permits for each country where work occurred.
Samples and data were collected in the United States under
National Marine Fisheries Service Permit No. 779-1633, National
Marine Fisheries Service LOC No. 572-1639 and Florida
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International University Institution Animal Care and Use
Committee (IACUC) No. 07-003. Samples were exported to
Ziirich, Switzerland under United States Convention on the
International Trade of Endangered Species permit No.
09US203311/9 and Swiss Convention on the International Trade
of Endangered Species permit No. 3531/08.

Materials and Methods

Biopsy Collection

Skin samples were collected from 36 animals (across 30 different
encounters) during 2008 in the Lower Florida Keys study area
(Figure 1) using a recurve crossbow (Barnett Wildcat III) with
modified bolt tips [24]. Tissue samples were stored in DMSO
(20%) until analysis.

Mitochondrial DNA Analysis

Total genomic DNA was isolated from skin samples using
Gentra Puregene DNA Extraction Kit (Qiagen). Five hundred
base pairs (bp) of the mitochondrial control region were amplified
via Polymerase Chain Reaction (PCR) using primers dlpl.5 and
dlp5 [25]. The reaction mixture (total reaction volume =20 ul)
included 0.6 pl of each primer, 0.4 pul dANTPs, 0.25 pl MgCl,, 2 ul
buffer, 0.05 ul Taq polymerase (Sigma-Aldrich) and 1 ul of
template DNA. The PCR profile began with denaturization at
94°C for 3 min, followed by 10 cycles of denaturization (30 sec),
annealing (30 sec) and extension (1 min). Annealing temperature
for these 10 “touch-down” cycles started at 63°C with a decrease
of 1°C at each of the subsequent 10 cycles. This was followed by
21 additional cycles of 93°C for 30 sec, 52°C for 30 sec, and 72°C
for 1 min with a final extension at 72°C for 1 min. Negative and
positive controls were included in PCR runs and later used for
validation of fragment amplification using 1.5% agarose gel
electrophoresis. Polymerase chain reaction products were cleaned
using GenElute PCR DNA Purification Kit (Sigma), and then
both forward and reverse primers were run through a cycle
sequencing reaction using a Cycle Sequencing Ready Reaction
Kit (Applied Biosystems). Ethanol precipitation was used to purify
the products from the cycle sequencing. Strands were sequenced
using an ABI 3730 DNA Sequencer (Applied Biosystems).
Sequencing Analysis 5.2 was used to edit the sequences manually
which were then aligned using Lasergene SeqMan 7.0 (DNAStar).
These sequences have been deposited in GenBank (Accession
numbers:).

Microsatellite Analysis

Each sample was genotyped at 26 loci (Table 1) using three
Multiplex Polymerase Chain Reactions with labeled primers. The
PCR’s were carried out for each multiplex using a reaction
mixture of 1 ul of DNA template, 0.8 pl of Primer Mixture, 4.0 pl
Master Mix (Qiagen) and ddHyO for a final reaction volume of
8.0 ul. The PCR thermal cycle for multiplexes one and two
included initial denaturation at 90°C for 15 min, followed by 35
cycles of 95°C for 30 sec, 60°C for 90 sec, and 71°C for 45 sec. A
final extension followed at 71°C for 2 min. Polymerase chain
reaction products were sequenced on an ABI 3730 DNA
Sequencer (Applied Biosystems). We determined allele size
fragments using Gene Mapper 4.0.

Four loci (of the 26 original) were monomorphic for all
individuals sampled so they were discarded from further analysis.
Four others were also discarded after not meeting standards for
frequency of null alleles (<0.05, Cervus 3.0). After sequential
Bonferroni correction [26] the resulting 18 loci (shaded in Table 1)
showed no deviation from Hardy Weinberg equilibrium and no
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Figure 1. Lower Florida Keys research area. Numbered zones within the study area include all navigable waters.

doi:10.1371/journal.pone.0058162.9001

linkage disequilibrium was observed (Genepop 4.0). We used these
18 loci to calculate pairwise relatedness coefficients (ry) [27] for all
individuals sampled, excluding two that were progeny of known
mothers that were also sampled. Progeny were excluded to avoid
biasing our relatedness estimates. There were no identical
genotypes used in this analysis. We conducted a rarefaction
analysis using RE-RAT [28] to determine the minimum number
of loci for accurate estimates of relatedness.

Gender Determination
Gender was determined for all individuals sampled using
a multiplex reaction [29]. We used a Polymerase Chain reaction

(PCR) mixture of 1 pl of template, 0.3 pl of each primer (ZFX
forward and reverse, and SRY forward and reverse), 0.2 pl
dNTPs, 0.25 ul MgCly, 2.0 pl buffer, 0.05 pl Tag polymerase, and
15.3 wl ddH,O for a final volume of 20 pl. Initial denaturization
for 4 minutes at 94°C was followed by 34 cycles of 45 sec at 94°C,
45 seconds at 60°C and 60 seconds at 72°C and then final
extension for 10 seconds at 72°C. We compared results to controls
for a known male and female using gel electrophoresis (1.5%
agarose).

Table 1. Primers used in three separate multiplexes for polymerase chain reactions.

multiplex 1 multiplex 2 multiplex 3

Tur4_98° Turd_66° Tur4_108° D22 D8® Turd_162 MK9P Tur4_153
Tur4_1172 Tur4_105> Tur4_138° Tur4_141° Tur4_1322 MK5P MK8®
MK6® Turd_128> Turd 91 Tur4_80 KwMm12¢ MK3P

E12° Tur4d_1117 Tur4_87° Tur4_142° EV37°¢

used in relatedness analyses.

°[65],

®[66],

671,

9681,

°[69].
doi:10.1371/journal.pone.0058162.t001
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Primers in bold are those that provided useful results (i.e., successfully amplified, passed tests of Hardy Weinberg Equilibrium, linkage analysis and null alleles) and were
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Relatedness between Leader-Follower Pairs

Previously, using vessel-based surveys supplemented with
observations from a tethered airship, we determined that in-
dividual leaders could be identified in LFK dolphin groups by their
presence in the front of a group both during surfacing events and
subsurface travel [18]. Collecting data on individual positions was
facilitated in our study area by small group sizes and a small
population composed of individuals with easily distinguishable fin
markings. Individuals in the front position were much more
successful in initiating changes in the direction of group travel (i.e.,
change in heading =35°) than dolphins in other positions in the
group [18]. Groups were defined as all individuals within
approximately 100 m of one another that were likely interacting
(i.e., traveling, foraging and socializing together). Between 2001
and 2007, leadership data were collected from 161 groups for
=30 min [18] (mean =87 min, SD =50 min, range = 30-23 min
[18]). These groups were stable in composition (i.e. no fission-
fusion occurred during the leadership sampling period) and only
a subset of individuals were in the lead position for =20% of the
time each group was sampled, (46% of groups sampled had one
leader, 44% had two leaders, 10% had three leaders, [18]).
Because the majority of individuals (69%) within groups led <20%
of the time, we considered group leaders as those who led =20%
[18] for the following analyses. Followers were defined as group
members who led <20% [18]. Groups tested for leadership
ranged in size from 2 to 22 (mean = 5.1+3.3SD) when calves were
excluded and 2 to 27 when calves were included
(mean =6.3%£4.1SD) [18] (calves defined generally as =2/3 the
size of the presumed mother and by presence near a specific adult
female across multiple sightings). This group size is larger than the
group size reported overall for our study area because it does not
include sightings of lone individuals. Leadership in the LKF
population is determined only during group travel (defined as
continuous directional movement) between foraging bouts, and
that this travel does not involve obvious social activity, such as
herding females by males that has been observed in some
populations of Turswps sp. [30]. Herding activity where males
separate females from other individuals and travel behind them
has not been documented in the LFK bottlenose population.

Genetic data were available for 57 known leader-follower pairs.
This data set of pairs included 11 different individuals as leaders
and 20 as followers. Individual leaders were part of a mean of
5.18=SE 1.26 leader-follower pairs (range=1-12 pairs). In-
dividual followers were included in a mean of 2.85=SE 0.34
pairs (range = 1-6 pairs). All combinations were sampled only once
(i.e., if pair A and B was noted with A as leader and B as follower,
there were no pairings with B as a leader and A as a follower)
(three of the possible pairs we had for analyses were discarded for
this reason). Therefore the mean number of times an individual
was listed as a leader or follower, also refers to the number of
leaders or followers each individual paired with on average (i.e.,
followers were seen with on average 2.85 different leaders, range
1-6). Only adult pairs were used for this analysis (exact ages were
not available). Adults and independent juveniles were defined as
individuals who were sighted without constant association with
a presumed mother during the time of data collection (i.e. both
individuals were not in the same group for every sighting of those
individuals). It is likely that most of the followers were mature
adults and not juveniles when we sampled them (=90%) based on
documented motherhood for females and large body size of males.
We determined an average r, value for these 57 pairs. This value
was compared to the distribution of average r, values created by
running 1000 random permutations of the entire data set which
included leader-follower pairs and non leader-follower pairs (pairs
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that were seen together in groups who had leaders but the pair in
question never had a leader-follower relationship). Many individ-
uals in a group never exhibited a pair wise leader-follower
association (i.e. both were followers). For each permutation, 57 r,
values were randomly selected from the population of all
associating pairs of individuals (leader-follower pairs, and non-
leader follower pairs), an average r, value was calculated and this
value was then placed within the distribution which eventually
included 1000 averages. This allowed us to determine if the
average for leader-follower pairs was greater than expected via
chance. A second Monte Carlo randomization test was used to
determine whether the number of leader-follower pairs that shared
mitochondrial DNA haplotypes was larger than expected based on
chance (using 1000 permutations of random selections of 57 pairs
of individuals that associated). If leader-follower pairs were more
closely related, mitochondrial DNA haplotype comparisons could
provide information about how individuals might be able to
recognize at least maternal relatives. Relatedness for all pairs per
specific group was not available for our analyses (due to the
difficult nature of field biopsy sampling). Instead pairs examined
were those for which we had recorded a specific relationship
(leader-follower or non leader-follower pairs) across leadership
sampling.

Leader-Follower Relatedness and Association Strength

Association Indices (Al) were calculated for the LFK population
using the Half Weight Index in SOCPROG [31] with the
sampling period of a day. Individuals were almost never sighted
more than once during a day and if so only the first group sighting
of an individual was used. Because of the small size of groups and
distinctive markings of fins, we were able to identify all group
members in 92% of groups. For the remaining 8% of groups, only
one group member was not identified. As with previous studies of
cetaceans [32-34], we only included individuals in the analysis if
they had been sighted =5 occasions. Strong associations between
Lower Florida Keys dolphins occurred over relatively long time
periods within our study and do not appear to be driven by
intense, but short term associations. As example, for the pairs of
individuals who were sighted with one another >5 occasions
during the study period (2001-2007), 85% had an average number
of days between pair re-sights of <20. These sightings ranged
across a period of on average 141 survey days (SE=4.1,
range = 17-199) (from time first noted as a pair to the last time
noted as a pair). To determine if the resulting association matrix
was different from random, we calculated the coefficient of
variation (CV) for the observed matrix, and compared this value to
the CV’s generated from 20,000 random permutations of the data
(shifting groups within samples) [31,32,35] again using SOC-
PROG. The observed matrix was considered non-random if
>95% of the permuted matrices had CV values less than the GV
from the observed matrix. Further testing for non-random
assoclations (as suggested [36]) included examining the correlation
value between the observed and randomly generated AI’s, and
also testing if the value for S*xH was >5, where S is social
differentiation and H is the average number of associations per
individual [36]. For all leader-follower pairs, we tested the
correlation between ry values and AI’s using a Spearman Rank
Test. The same test was used to examine non leader-follower pairs.
To examine whether trends were influenced by maternal relatives
assoclating, we used a logistic regression to ask whether r, value or
Al predicted sharing of haplotypes.
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Results

Leader-follower pairs had an average r, value greater than
expected based on chance (P=0.009), while non leader-follower
pairs did not (P=0.96) (leader-follower pairs: mean r, value = 0.09,
SE=0.02, non leader-follower pairs: mean r, value = —0.03,
SE=0.02, mean r; value of the random distribution =0.016).
We note that in tests of non leader-follower pairs, 59% of these
pairs (48 of 81) included one individual who had been a leader in
one of the 57 leader-follower pairs (10 of the 11 leaders pairing
with between 2 and 9 other non-leader-follower associates). Non
leader-follower pairs which contained a member who had led in
one of the 57 leader-follower pairs, also did not have greater
relatedness values than expected based on chance (P=0.84)
similar to our finding for all non leader-follower pairs (pairs
including individuals who had led others and pairs without
individuals who had led others). The rarefaction analysis revealed
that there was a =0.04 average pairwise difference in relatedness
values calculated using 13 loci, and =0.03 when using 16 loci
(Figure 2), indicating that use of 18 loci provided accurate
relatedness estimates.

Leaders, defined as those leading for =20% of the time in
a particular group, included males (2=6) and females (n=15).
Males led both males (n = 11) and females (n = 7). Females also led
both genders (n=21 males, 18 females). Seven mitochondrial
DNA haplotypes were found among the sampled individuals. Only
fourteen of the 57 leader-follower pairs (25%) shared haplotypes.
The number of haplotypes shared between pairs of leaders and
followers was not significantly more than expected based on
chance (mean =0.25, SE=0.06, P=0.34).

Our observed Al CV value, (CV=0.77, SD=0.16) was greater
than expected via chance (P<<0.01) (random generated CV'=0.75,
SD=0.01), indicating that associations in this population are not
random. Additional evidence for non-random associations in-
cluded an S*xH value >5 (1.06°x50.1 =55.2) and r=0.48.
Association Index values were positively correlated with r, values
for leader-follower pairs (7’2: 0.55, P<<0.0001) (Figure 3a) but no
relationship between Al and ry value was found for non leader-
follower pairs (=0.07, P=0.51) (Figure 3b). In other words,
there was a tendency for leader-follower pairs who associated
more frequently to have higher relatedness values while the degree
of relatedness between individuals that did not lead or follow one
another did not vary with the rate of association (i.e. high levels of
association for non leader-follower pairs did not correlate with
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Figure 2. Differences in pairwise relatedness. Average differences
in pairwise relatedness estimates [26] across 18 loci generated from
rarefaction analysis using RE-RAT [27].
doi:10.1371/journal.pone.0058162.g002
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higher relatedness values). No relationship was found when using
only the 48 pairs of associates where the pair had never had
a leader-follower relationship but one pair member had been
a leader of others (¥=0.23, P=0.08). Neither r, value (df=1,
X?=1.66, P=0.19) nor Al (df=1, X*=0.49, P=0.82) predicted
sharing of haplotypes between leader-follower pairs, indicating
correlations found were not due to high levels of association
between maternal relatives.

Discussion

Our findings provide support for the hypothesis that leader-
follower relationships are based on kinship. We found that leader-
follower pairs were more closely related to one another than
expected based on chance, and that association frequency for these
pairs was correlated with relatedness. This differed from non
leader-follower pairs whose associations were not based on kinship.
Additionally, while some leader-follower pairs were maternal
relatives, this was not the case for all leader-follower pairings.

Finding that leader-follower pairs were more closely related to
one another than expected by chance was somewhat surprising
because bottlenose dolphins exist within a highly dynamic fission-
fusion system and have no obvious mechanism for determining
paternal relatives (mating is promiscuous [37]). Still, strong
associations for male alliance pairs have been linked to relatedness
in the bottlenose dolphin [17], but this result is not universal [38].
Our results are particularly interesting because the lack of shared
haplotypes found for LFK leader-follower pairs indicated that the
leader-follower groupings in the LFK are not merely the result of
always following maternal relatives. Close associations based on
maternal relatedness have been found in other odontocetes, such
as killer whales [39] and pilot whales [40]. However, these
associations occur over much longer periods (years) than those
among individual dolphins in the LFK (hours or days) where far
more fission-fusion activity occurs. The low frequency of maternal
associations found in our sample of leader-follower pairs suggests
that individuals are associating also with paternal relatives.
Examples do exist where individuals seem to have information
about paternal relatives in other mammals. Avoidance of paternal
kin for reproduction has been cited in other group forming species
where kin and non-kin come into contact (e.g. yellow baboons,
Papio cynocephalus [41]; mandrills, Mandrillus sphinx [42]; African
elephants, Loxodonta sp. [43] and white-faced capuchins, Cebus
capucinus [44]). Phenotypic matching through olfaction has been
suggested as a method for paternal kin recognition in both
terrestrial (e.g. African elephants [45]) and aquatic species (e.g.
bluegill sunfish: Lepomis macrochirus [46]; three-spined sticklebacks:
Gasterosteus aculeatus [47]), even when individuals were not raised
together (e.g. golden hamster: Mesocricetus auratus, [48]). However,
dolphins likely have little sense of smell due to reduction of
olfactory nerves [49]. Phenotypic matching using vocal cues is
possible for determining maternal kin in bottlenose dolphin
groups. Kin recognition between mothers and calves using
signature whistles has been demonstrated for bottlenose dolphins
in Sarasota Bay, Florida, (i.e. mothers and offspring recognize one
another [50]). This recognition can occur because of the time
spent in close association during the first few years of the calf’s life
(usually =2 years [37]). Recognition of the whistle characteristics
between associates outside of the mother/calf has also been
demonstrated in Zursiops sp. (e.g. whistle convergence between
alliance males [51,52], and patterning whistles after those of other
community members [53]). These studies indicate that bottlenose
dolphins have the capacity to recognize vocalizations (signature
whistles) of individuals that they repeatedly come into contact
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leader-follower dolphin pairs and (b) non leader-follower pairs in the Lower Florida Keys (leader-follower: n=57, r;=0.55, P<<0.0001, non leader-

follower: n=81, r;=0.07, P=0.51).
doi:10.1371/journal.pone.0058162.9003

with. The question is whether there is any mechanism that would
allow individuals to use this information to recognize paternal kin.

Behavioral mechanisms that could be used for kin recognition
include use of rules based on information gained through
association rates [41, 54 and 55]. Patterns of association when
linked with levels of relatedness may provide kinship cues (e.g.
African elephants [43]). Frequency of associations between LFK
bottlenose dolphins (even though under flux) may provide a rule of
thumb mechanism to allow avoidance or association with relatives,
at least for maternal siblings, because calves that are half siblings
or cousins are likely to interact during the time of dependency
(which can last up to four years and sometimes beyond [37]). It is
possible that high rates of association with adult males may

PLOS ONE | www.plosone.org

provide something similar for paternal relatives. For example, in
some species (including bottlenose dolphins [37]) individuals may
group according to reproductive state (e.g. mothers with calves
[56]). If a subset of males have reproductive monopolization for
>1 year over a large number of mating attempts, the chances of
fatherhood being shared between calves of the same age group
that are raised within the same group (or associating with the same
mother/calf pairs frequently), will be more likely [55,57]. This
may be possible if wild bottlenose males exhibit some form of
dominance hierarchies, as has been documented in captive groups
[58]. If reproductive association occurs, and males continue to
associate with the same females frequently after the calves are
born, a rule of thumb for association could be developed as
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a method for a response that correlates with relatedness [41,55]
(i.e., higher associations=greater probability of maternal and
paternal relatedness). In the LFK population, groups often include
adult males and mother-calf pairs, and the frequency of
associations with the same males is high. For example, four adult
males were sighted with female 002 during 29-36% (depending on
the particular male) of the 76 sightings for this female who had
a calf =3 years of age at each sighting. This type of grouping, even
though dynamic, may provide enough information to allow a rule-
based system to use for behavioral avoidance or association with
kin. Some evidence exists for frequent associations with biparental
relatives in bottlenose dolphins [59], but no studies to date have
specifically tested grouping associations and paternal relatedness.
Further genetic study will be necessary to determine whether
a small number of males do monopolize reproduction in the LFK
population.

Other factors that could play a role in leader-follower
associations in animal groups include age, size, reproductive state
and gender. Social groupings of mammals can form according to
these characteristics, (e.g. tendency for females to group and males
to associate with others less often in sperm whales: [60], and
African elephants: [61]). However, these characteristics do not
appear to play a central role in determining leader-follower
relationships in LFK bottlenose dolphins. Indeed adults and calves
are present in most LFK groups (78% of groups with >1
individual, n total=261 groups), as are both genders (87%,
n =129 of 149 groups with known genders), and females of varying
reproductive states (i.e. with calves and without calves) (84% of
groups with known females, n=73 of 87 groups) (Lewis, un-
published data). In addition, leaders were of both genders, and
both male and females leaders were followed by males and
females. Although subtle differences in body size and age within
adult-sized animals could not be determined, it is unlikely that
these factors contributed to association patterns that we observed
between leaders and followers. In other populations reproductive
behavior may result in individuals controlling group movement
from positions other than vanguard. For example, adult male
dolphins in Shark Bay, Australia adopt positions behind receptive
females with which they are consorting to minimize the chances
for the female to escape [30]. Such herding behavior has not been
observed in the LFK. Additional factors that could also be
considered include population genetic structure, and dispersal.
Unfortunately, we do not currently have data that would allow us
to address the relative importance of these factors.

While no trends were apparent regarding the gender of leader-
follower pairs, overall, females did have more followers than
males. Although further work is needed to explore sex differences
in the number of followers, previous studies in this population
found that all individuals that were consistent leaders were female
[18]. These results do indicate that while males and females lead,
females may have greater influence within this population of
bottlenose dolphins.

While the dynamics of forming leader-follower associations is
still uncertain, it appears that for LFK bottlenose dolphins there is
a tendency for leader-follower pairs to be more closely related,
while no such relationship is found for non leader-follower pairs.
In leader-follower pairs, r values increased with increasing Al
values. This was not found for non leader-follower associates,
including non leader-follower associates where one member of the
pair had led others before. These findings indicate that not all
types of associations are based on kinship in this population, but
leader-follower associations can be. We note that due to the
fission-fusion nature of grouping in bottlenose dolphins, there may
be pairs of individuals in each group that vary in relatedness value
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from other pairs (from low to high). But for leader-follower pairs
that associate more frequently, relatedness values are usually
larger. Preferential associations with close relatives could occur
because potential benefits could result from this association. LFK
dolphin leaders may benefit by leading closer relatives to profitable
resources (i.e., habitat with greater prey availability [20]) where
these followers may have increased chances of locating food.
Knowledge possessed by leaders may also provide greater safety to
followers (e.g. avoidance of areas where stranding could occur, or
where predation threat is larger). There are examples of animals
providing guidance to resource use. In a Tursiops aduncus
population in New Zealand, individual dolphins provide cues to
stop and start feeding in response to potential knowledge of area
depletion [62]. It has also been suggested that leadership by
matriarchs in African elephant groups could provide aid towards
resource location learned many vyears prior [63]. Because
bottlenose dolphins are a fission-fusion type species, they have
the ability to choose associates. Individuals can choose to be
solitary, follow (by allowing others to control movement choice
and falling behind), or to lead others (by making movement
decisions when other individuals are willing to follow). Making
these decisions more often in the presence of specific individuals
(closer relatives) indicates that benefits to these leaders should
result from these interactions.

Whether benefits to leaders gained by helping relatives are
necessary for the evolution and maintenance of leadership within
a highly dynamic fission-fusion population remains to be tested. It
may be that conditions required for this behavior are relatively
rare. While leadership when traveling has been suggested
anecdotally for some other fission-fusion species (e.g. African
elephant [63], spider monkey; Ateles sp. [64]) outside of the LFK
dolphins, quantitative data to demonstrate consistent leadership
when traveling in highly dynamic fission-fusion populations is
scarce. In the case of the LFK dolphins, while indirect benefits of
helping relatives may be important to leaders, environmental
conditions of the area may play a larger role in shaping leadership
behavior patterns for these animals. The LFK habitat is
heterogeneous (i.e., multiple basins divided by impassible shallows
and mangrove islands with limited entry and exit points) and
requires knowledge for efficient and safe exploitation of resources
[18]. If leaders have greater habitat knowledge, this may provide
an important benefit to followers.

Our results provide insights into the development of leader-
follower behavior when traveling in a highly dynamic fission-
fusion species. Where resources are mobile and patchy, vanguard
positional leadership should not result in increased access to prey.
However, if specific individuals have greater habitat knowledge
gained through experience, they can provide a source of
information to those that follow them. Providing this resource
could benefit relatives directly and therefore leaders indirectly.

To determine the relative importance of environment, kinship
and social constraints in driving the occurrence and prevalence of
leadership, comparisons with other populations of bottlenose
dolphins under various environmental conditions (heterogeneous
vs. homogenous) and of other taxa with various levels of group
stability will be necessary. Additionally, documentation of whether
benefits (e.g. increased foraging opportunities or avoidance of
areas that pose a threat) are gained from following specific
individuals will be important. Understanding the conditions where
leadership may develop (particularly within a fission-fusion social
system) will provide further insight into the benefits of group
formation and the importance of specific individuals in group
success.

March 2013 | Volume 8 | Issue 3 | e58162



Acknowledgments

Logistical and in kind support was given through NOAA Key West, NMFS
Virginia Key, NMFS Pascagoula, Key West City Marina, and many
volunteers. Special thanks to Corinne Ackermann and Anna Kopps
(University of Zurich) for assistance and training in the lab, and to the
Evolutionary Genetics Group at the University of Zurich, for providing lab
space and equipment. Thanks to Ingi Agnarsson for helpful review.

References

1.

6.

23.

24.

Erhart EM, Overdorff DJ (1999) Female coordination of group travel in wild
Propithecus and  Eulemur. Int J Primatol 20: 927-940. doi: 10.1023/
A:1020830703012.

. Reebs SG (2000) Can a minority of informed leaders determine the foraging

movements of a fish shoal? Anim Behav 59: 403-409. doi: 10.1006/

anbe.1999.1314.

. Peterson RO, Jacobs AK, Drummer TD, Mech LD, Smith DW (2002)

Leadership behavior in relation to dominance and reproductive status in gray
wolves, Canis lupus. Can J Zoolog 80: 1405-1412. doi: 10.1139/202-124.
Stueckle S, Zinner D (2008) To follow or not to follow: Decision making and
leadership during the morning departure in chacma baboons. Anim Behav 75:
1995-2004. doi: 10.1016/j.anbchav.2007.12.012.

. Couzin ID, Krause J, Franks NR, Levin SA (2005) Effective leadership and

decision-making in animal groups on the move. Nature 433: 513-516. doi:
10.1038/nature03236.

Di Bitetti MS, Janson CH (2001) Social foraging and the finder’s share in
capuchin monkeys, Cebus apella. Anim Behav 62: 47-56. doi: 10.1006/
anbe.2000.1730.

. Barelli C, Boesch C, Heistermann M, Reichard UH (2008) Female white-

handed gibbons (Hylobates lar) lead group movements and have priority of access
to food resources. Behaviour 145: 965-981. doi: 10.1163/
156853908784089243.

. King AJ, Douglas CMS, Huchard E, Issac NJB, Cowlishaw G (2008)

Dominance and affiliation mediate despotism in a social primate. Curr Biol

18: 1833-1838. doi: 10.1016/j.cub.2008.10.048.

. Piyapong C, Morrell L], Croft DP, Dyer JRG, Ioannou CC, et al. (2007) A cost

of leadership in human groups. Ethology 113: 821-824. doi: 10.1111/j.1439-
0310.2007.01382.x.

. Hamilton WD (1964) The genetical evolution of social behavior, parts 1 and 2.

J Theor Biol 7: 1-52. doi: 10.1016/0022-5193(64)90039-6.

. Dugatkin LA (1997) Cooperation among animals: An evolutionary perspective.

New York : Oxford University Press.

. Maher CR (2009) Effects of relatedness on social interaction rates in a solitary

marmot. Anim Behav 78: 925-933. doi: 10.1016/j.anbehav.2009.06.027.

. Ruch J, Lisa H, Trine B, Jutta S (2009) Relatedness facilitates cooperation in the

subsocial spider, Stegodyphus tentoriicola. Evol Biol 9: 257. doi: 10.1186/1471-2148-
9-257.

. Ralls K, Pilgrim KL, White P, Paxinos EE, Schwartz MK, et al. (2001) Kinship,

social relationships, and den sharing in kit foxes. ] Mammal 82: 858-866. doi:
10.1644/1545-1542(2001)082<0858:KSRADS>2.0.CO;2.

. Gero S, Engelhaupt D, Whitehead H (2008) Heterogeneous social associations

within a sperm whale, Physeter macrocephalus, unit reflect pairwise relatedness.
Behav Ecol Sociobiol 63: 143-151. doi: 10.1007/500265-008-0645-x.

. Gero S, Engelhaupt D, Rendell L, Whitehead H (2009) Who cares? Between-

group variation in alloparental caregiving in sperm whales. Behav Ecol 20: 838
843. doi: 10.1093/beheco/arp068.

. Kriitzen M, Sherwin WB, Connor RC, Barre LM, Van de Casteele T, et al.

(2003) Contrasting relatedness patterns in bottlenose dolphins (Zursiops sp.) with
different alliance strategies. P Roy Soc Lond B Bio 270: 497-502. doi: 10.1098/
rspb.2002.2229.

. Lewis JS, Wartzok D, Heithaus MR (2011) Highly dynamic fission-fusion species

can exhibit leadership when traveling. Behav Ecol Sociobiol 65: 1061-1069. doi:
10.1007/500265-010-1113-y.

. Lewis JS (2002) Behavioral comparison of two populations of the bottlenose

dolphin (Tursiops truncatus) in Florida waters. M. S. Thesis, University of

Alabama.

. Lewis JS (2010) Investigation of Group Leadership in a Fission-Fusion Species,

the Bottlenose Dolphin. Dissertation, Florida International University.

. Barros NB, Odell DK (1990) Food habits of bottlenose dolphins in the

southeastern United States. In: S Leatherwood and RR Reeves editors. The
Bottlenose Dolphin, San Diego: Academic Press, 309-329.

. Markowitz TM, Harlin AD, Wiirsig B, McFadden CJ (2004) Dusky dolphin

foraging habitat: Overlap with aquaculture in New Zealand. Aquat Conserv 14:
133-149. doi: 10.1002/aqc.602.

Lewis JS, Schroeder WS (2003) Mud plume feeding, a unique foraging behavior
of the bottlenose dolphin (7ursiops truncatus) in the Florida keys. Gulf of Mexico
Science, 1: 92-97.

Kriitzen M, Barre LM, Méller LM, Heithaus MR, Simms C, et al. (2002) A
biopsy system for small cetaceans: Darting success and wound healing in Tursiops

spp. Mar Mammal Sci 18: 863-878. doi: 10.1111/§.1748-7692.2002.th01078 x.

PLOS ONE | www.plosone.org

Leadership and Kinship in Dolphin Groups

Author Contributions

Conceived and designed the experiments: JL DW MH MK. Performed the
experiments: JL. Analyzed the data: JL DW MH MK. Contributed
reagents/materials/analysis tools: MK. Wrote the paper: JL DW MH MK.

30.

32.

33.

34.

39.

40.

41.

42.

43.

44.

46.

47.

48.

. Baker CS, Gilbert MT, Weinrich MT, Lambertsen R, Calambokidis J, et al.

(1993) Population characteristics of DNA fingerprints in humpback whales
(Megaptera novaeangliae). ] Hered 84: 281-290.

. Rice WB (1989) Analyzing tables of statistical tests. Evolution 43: 223-225. doi:

10.2307/2409177.

Queller DC, Goodnight KF (1989) Estimating relatedness using genetic markers.
Evolution, 43: 258-275. doi: 10.2307/2409206.

Schwacke L, Schwacke J, Rosel P (2005) RERAT: relatedness estimation and
rarefaction analysis tool, url: http://people.musc.edu/schwaclh/.

Gilson A, Syvanen M, Levine K, Banks J (1998) Deep gender determination by
polymerase chain reaction: validation study and application to tissues, blood-
stains, and hair forensic samples from California. Calif Fish Game 84: 159-169.
Connor RC, Smolker RA, Richards AF (1992) Two levels of alliance formation
among male bottlenose dolphins (Zursiops sp.). P Nat Acad Sci 89: 987-990.
doi:10.1073/pnas.89.3.987.

. Whitehead H (2009) SOCPROG programs: analyzing animal social structures.

Behav Ecol Sociobiol 63: 765-778. doi: 10.1007/500265-008-0697-y.
Whitehead H (1999) Testing association patterns of social animals. Anim Behav
57: 26-27.

Baird RW, Gorgone AM, McSweeney DJ, Webster DL, Salden DR, et al. (2008)
False killer whales (Pseudorca crassidens) around the main Hawaiian islands: Long-
term site fidelity, inter-island movements, and association patterns. Mar
Mammal Sci 24: 591-612. doi: 10.1111/j.1748-7692.2008.00200.x.
McSweeney DJ, Baird RW, Mahaffy SD, Webster DL, Schorr GS (2009) Site
fidelity and association patterns of a rare species: Pygmy killer whales (Feresa
attentuata) in the main Hawaiian islands. Mar Mammal Sci 25: 557-572. doi:

10.1111/3.1748-7692.2008.00267 x.

5. Whitehead H (1997) Analyzing animal social structure. Anim Behav 53: 1053~

1067. doi: 10.1006/anbe.1996.0358.

. Whitehead H (2008) Precision and power in the analysis of social structure using

associations. Anim Behav 75: 1093-1099. doi: 10.1016/j.anbehav.2007.08.022.

. Connor R, Wells R, Mann J, Read A (2000) The bottlenose dolphin: Social

relationships in a fission-fusion society. In: Mann J, Connor R C, Tyack P L,
Whitehead H, editors. Cetacean Societies: Field Studies of Dolphins and
Whales, Chicago: University of Chicago Press, 91-126.

. Maéller LM, Beheregaray LB, Harcourt RG, Kriitzen M (2001) Alliance

membership and kinship in wild male bottlenose dolphins (Tursiops aduncus) of
southeastern Australia. Proc R Soc Lond B 268: 1941-1947. doi 10.1098/
rspb.2001.1756.

Baird R (2000) The killer whale: foraging specializations and group hunting. In:
Mann J, Connor R C, Tyack P L, Whitehead H, editors. Cetacean Societies:
Field studies of dolphins and whales. Chicago: University of Chicago Press, 127—
153.

Amos B, Schlotterer C, Tautz D (1993) Social structure of pilot whales revealed
by analytical DNA profiling. Science 260: 670-672. doi:10.1126/sci-
ence.8480176.

Alberts SC (1999) Paternal kin discrimination in wild baboons. P Roy Soc Lond
B Bio 266: 1501-1506. doi 10.1098/rspb.1999.0807.

Charpentier M, Peignot P, Hossaert-McKey M, Gimenez O, Setchell JM, et al.
(2005) Constraints of control: factors influencing reproductive success in male
mandrills (Mandrillus sphinx). Behav Ecol 16: 614-623. doi: 10.1093/beheco/
ari034.

Archie EA, Hollister-Smith JA, Poole HH, Lee PC, Moss CJ, et al. (2007)
Behavioural inbreeding avoidance in wild African elephants. Mol Ecol 16: 4138
4148. doi 10.1111/5.1365-294X.2007.03483 x.

Muniz L, Perry S, Manson JH, Gilkenson H, Gros-Louis ], et al. (2010) Male
dominance and reproductive success in wild white-faced capuchins (Cebus
capucinus) at Lomas Barbodal, Costa Rica. Am J Primatol 72: 1118-1130. doi:
10.1002/2ajp.20876.

. Bates LA, Sayialel KN, Njiraini NW, Poole JH, Moss CJ, et al. (2008) African

elephants have expectations about the locations of out-of-sight family members.
Biol Letters 4: 34-36. doi: 10.1098/rsb1.2007.0529.

Hain TJH, Neff BD (2006) Promiscuity drives self referent kin recognition. Curr
Biol 16: 1807-1811. doi: 10.1016/j.cub.2006.07.021.

Mehlis M, Bakker TCM, Frommen JG (2008) Smells like sib spirit: kin
recognition in three-spined sticklebacks (Gasterosteus aculeatus) is mediated by
olfactory cues. Anim Cogni 11: 643-650. doi: 10.1007/s10071-008-0154-3.
Mateo JM, Johnston RE (2000) Kin recognition and the ‘armpit effect’: evidence
of self-referent phenotype matching. P Roy Soc Lond B Bio 267: 695-700. doi:
10.1098/rspb.2000.1058.

March 2013 | Volume 8 | Issue 3 | e58162



50.

51.

52.

53.

54.

58.

59.

. Breathnach AS (1960) The cetacean central nervous system. Biol Rev 35: 187

230.

Janik VM, Sayigh LS, Wells RS (2006) Signature whistle shape conveys identity
information to bottlenose dolphins. Proc Nat Acad Sci 103: 8293-8297.
doi_10.1073_pnas.0509918103.

Smolker R, Pepper JW (1999) Whistle convergence among allied male
bottlenose dolphins (Delphinidae, Tursiops sp.) Ethology 105: 595-617.
Watwood SL, Tyack PL, Wells RS (2004) Whistle sharing in paired male
bottlenose dolphins, Tursiops truncatus. Behav Ecol Sociobiol 55: 531-543. doi:
10.1007/500265-003-0724-y.

Fripp D, Owen C, Quintana-Rizzo E, Shapiro A, Buckstafl’ K, et al. (2005)
Bottlenose dolphin (Tursiops truncatus) calves appear to model their signature
whistles on the signature whistles of community members. Anim Cogn 8: 17-26.
doi: 10.1007/510071-004-0225-z.

Pusey A, Wolf M (1996) Inbreeding avoidance in animals. Trends Ecol Evol 2:
201-206. doi: 10.1016/0169-5347(96)10028-8.

. Widdig A (2007) Paternal kin discrimination: the evidence and likely

mechanisms. Biol Rev 82: 319-334. doi: 10.1111/j.1469-185X.2007.0001 1 .x.

. Moéller LM, Harcourt RG (2008) Shared reproductive state enhances female

associations in dolphins. Research Letters in Ecology. Article ID 498390. doi:
10.1155/2008/498390.

Silk JB (2002) Kin selection in primate groups. Int J Primatol 23: 849-875. doi:
10.1023/A:1015581016205.

Samuels A, Gifford T (1997) A quantitative assessment of dominance
relationships among bottlenose dolphins. Mar Mammal Sci 13: 70-99. doi:
10.1111/7.1748-7692.1997.tb00613 x.

Frére CH, Kriitzen M, Mann J, Watson-Capps ]J, Tsai YJ, et al. (2010). Home
range overlap, matrilineal and biparental kinship drive female associations in
bottlenose dolphins. Anim Behav 80: 481-486. doi:10.1016/j.anbe-
hav.2010.06.007.

PLOS ONE | www.plosone.org

60.

61.

62.

63.

64.

66.

67.

68.

69.

Leadership and Kinship in Dolphin Groups

Whitehead H, Waters S, Lyrholm T (1991) Social organization of female sperm
whales and their offspring: constant companions and casual acquaintances.
Behav Ecol Sociobiol 29: 385-389. doi: 10.1007/BF00165964.

Moss CJ, Poole JH (1983) Relationships and social structure of African
elephants. In: Hinde RA, editor. Primate Social Relationships, Sunderland, MA:
Sinauer Press, 315-325.

Lusseau D (2007) Evidence for social role in a dolphin social network. Evol Ecol
21: 357-366. doi: 10.1007/510682-006-9105-0.

Payne K (2003) Sources of social complexity in the three elephant species. In: de
Waal FBM, Tyack, PL, editors. Animal Social Complexity: Intelligence,
Culture, and Individualized Societies, Harvard: Harvard University Press, 57—
85.

Milton K (2000) Quo vadis? Tactics of food search and group movement in
primates and other animals. In: Boinski S, Garber PA, editors. On the Move,
Chicago: The University of Chicago Press, 375-417.

. Nater A, Kopps AM, Kriitzen M (2009) New polymorphic tetranucleotide

microsatellites improve scoring accuracy in the bottlenose dolphin Tursiops
aduncus. Mol Ecol Resour 9: 531-534. doi: 10.1111/.1755-0998.2008.02246.x.
Kriitzen M, Valsecchi E, Connor R, Sherwin W (2001) Characterization of
microsatellite loci in Tursiops aduncus. Mol Ecol Notes 1: 170-172. doi 10.1046/
j-1471-8278.2001.00065.x.

Shinohara M, Domingo-Roura X, Takenaka O (1997) Microsatellites in the
bottlenose dolphin Tursiops truncatus. Mol Ecol 6: 695-696. doi 10.1046/j.1365-
294X.1997.00231 x.

Hoelzel A, Potter C, Best P (1998) Genetic differentiation between parapatric
‘nearshore’ and ‘offshore’ populations of the bottlenose dolphin. P Roy Soc
Lond B Bio 265: 1177-1183. doi: 10.1098/rspbh.1998.0416.

Valsecchi E, Amos W (1996) Microsatellite markers for the study of cetacean
populations. Mol Ecol 5: 151-156. doi: 10.1111/5.1365-294X.1996.th00301 .x.

March 2013 | Volume 8 | Issue 3 | e58162



