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Abstract

Both natural and human-related foraging strategies by the common bottlenose dolphin (Tur-

siops truncatus) have resulted in social segregation in several areas of the world. Bottlenose

dolphins near Savannah, Georgia beg at an unprecedented rate and also forage behind

commercial shrimp trawlers, providing an opportunity to study the social ramifications of two

human-related foraging behaviors within the same group of animals. Dolphins were photo-

identified via surveys conducted throughout estuarine waterways around Savannah in the

summers of 2009–2011. Mean half-weight indices (HWI) were calculated for each foraging

class, and community division by modularity was used to cluster animals based on associa-

tion indices. Pairs of trawler dolphins had a higher mean HWI (0.20 ± 0.07) than pairs of

non-trawler dolphins (0.04 ± 0.02) or mixed pairs (0.02 ± 0.02). In contrast, pairs of beggars,

non-beggars, and mixed pairs all had similar means, with HWI between 0.05–0.07. Commu-

nity division by modularity produced a useful division (0.307) with 6 clusters. Clusters were

predominately divided according to trawler status; however, beggars and non-beggars were

mixed throughout clusters. Both the mean HWI and social clusters revealed that the social

structure of common bottlenose dolphins near Savannah, Georgia was differentiated based

on trawler status but not beg status. This finding may indicate that foraging in association

with trawlers is a socially learned behavior, while the mechanisms for the propagation of

begging are less clear. This study highlights the importance of taking into account the social

parameters of a foraging behavior, such as how group size or competition for resources

may affect how the behavior spreads. The positive or negative ramifications of homophily

may influence whether the behaviors are exhibited by individuals within the same social

clusters and should be considered in future studies examining social relationships and for-

aging behaviors.
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Introduction

Optimal foraging theory indicates that organisms should maximize their caloric intake while

minimizing time spent searching for and obtaining each food item [1]. Intra-specific competi-

tion can reduce the value of an otherwise optimal food source by depleting the abundance of a

specific prey type, thus increasing search time. Therefore, specialists within a population may

target prey that are less abundant or provide less energy if the predator can maximize intake

rate by reducing competition. Differentiation of foraging strategies can reduce competition

between individuals by reducing the number of predators targeting each prey source [2].

In some cases foraging specialization and resource partitioning can lead to social segrega-

tion. Killer whales (Orcinus orca) in the eastern North Pacific are assumed to have all belonged

to a single form, and then over time specialized into two reproductively isolated forms cur-

rently known as transients, which feed on mammals, and residents, which feed on fish [3].

Therefore, individual variation in niche use can affect rates of interaction between individuals

that result in population level effects [4]. Common bottlenose dolphins (Tursiops truncatus) in

Florida Bay foraged by either deep diving or mud ring feeding, and only 3.7% of all sightings

had both ecotypes present [5]. The limited encounter rate decreased reproductive opportuni-

ties, which could cause subpopulation divergence [5].

One type of foraging specialization by cetaceans that has been observed in many areas

worldwide is the use of food sources that are provided directly or indirectly by humans. This

human-related foraging can lead to social segregation, as observed between bottlenose dol-

phins (Tursiops spp.) that foraged in association with trawlers and those that did not in More-

ton Bay, Australia [6] and in North Carolina, USA [7]. In many cases the social groups are not

completely segregated, but there is social clustering of groups based on foraging behaviors.

Common bottlenose dolphins have shown higher rates of association with other individuals

engaged in the same foraging class when part of the population was known to engage in forag-

ing around anthropogenic feeding stations such as trawlers or aquaculture farms [8–9] or

cooperative fishing with fishermen [10].

Learning can occur on one’s own via trial and error (asocial learning), or by learning from

conspecifics (social learning). The learning of many foraging behaviors may not necessitate

innovation or social transmission, but simply individuals interacting with their environments,

as many behaviors have been seen in multiple parts of the world [11–12]. However, the appear-

ance of new behaviors that have spread throughout populations point to social learning as a

primary method of dispersal [13–15]. Social learning has been documented in many animals,

including bats [16], primates [17–18], and cetaceans [14–15]. If individual or asocial learning

is occurring, then it may be more common to have mixed groups, comprised of individuals

that engage in different foraging strategies [19]. This may increase overall feeding efficiency of

all members, as they will not be competing with one another. Conversely, if social learning

were responsible for a behavior, one would expect to see groups of individuals that spend the

most time together demonstrating similar behaviors.

Dolphin-human interaction behaviors, including begging, depredating, patrolling, provi-

sioning, and scavenging as defined previously [20–22], are common in the waterways near

Savannah, Georgia. Common bottlenose dolphins exhibited human-interaction behaviors on

69.6% of days and 23.5% of sightings near Savannah in 2009 and 2010 [22]. The most common

human-interaction behavior observed was begging (22.4% of sightings) [22]. In addition, 59

individuals were observed interacting with humans at least once, yielding 20.1% of identified

animals in the population known to interact with humans [22].

Although begging has been observed in other studies of bottlenose dolphins in the south-

eastern United States as well as Australia, the rates observed in Savannah are considerably
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higher than any others that have been reported [21–23]. Savannah also has a well-established

shrimp trawl fishery that common bottlenose dolphins have associated with since at least the

early 1970s. Dolphins near Savannah follow behind active trawlers, feeding on fish that are

caught in or stirred up by the nets. In addition, many of the dolphins feed on the bycatch that

is discarded off the trawler [24]. Similar trawler-associated foraging has been observed world-

wide [6,25–28].

The presence of both begging and associating with shrimp trawlers within the same study

area provides a unique opportunity to examine the social structure of a group of dolphins as it

pertains to two different human-related foraging behaviors. This study attempts to determine

whether the social structure of common bottlenose dolphins near Savannah, Georgia is differ-

entiated based on begging or associating with shrimp trawlers and the implications of any

such differentiations.

Methods

Surveys

Photo-identification surveys were conducted in the inshore waters near Savannah, Georgia

from April through August 2009 and May through August 2010 and 2011. Surveys were con-

ducted from a 6.7 m Boston Whaler at speeds of 33–41 km/h. While on effort, a minimum of

two observers scanned the water looking for dolphins. A total of 635 group sightings were

made on 99 survey days. The study area contained sounds, rivers, and creeks surrounded by

salt marshes and covered approximately 340 km2 centered at 80.00˚W, 32.01˚N (Fig 1). In

addition, surveys up to 3 km offshore were conducted in 2011 (Fig 1). Photographs and data of

protected common bottlenose dolphins (Tursiops truncatus) were collected in accordance with

the Marine Mammal Protection Act under National Marine Fisheries Service Letter of Confir-

mation number 14219 issued to T. Cox, and all areas accessed were public waterways.

When dolphins were sighted, the time and position were recorded using a Garmin1 GPS

Map76, and the boat was moved parallel and at a similar speed to the dolphins. Photographs

were taken of the dorsal fin of each individual in the group using digital SLR cameras (Nikon1

D90 and Canon1 EOS 40D and 60D) with 70–300 mm or 70–400 mm zoom lenses. All ani-

mals within 100 m of one another and moving in the same direction or engaging in the same

behavior were included within the same sighting [29]. The number of individuals and number

of calves (less than 2/3 the length of adults, surfacing with an adult) in the sighting, and behav-

iors observed were recorded [29]. All observations of individuals begging were recorded and

photos of the dorsal fin were taken for identification purposes when possible [30]. Begging was

defined as a dolphin surfacing parallel to the boat with the ventral side towards the vessel

within 2 m of the boat, or surfacing with its head out of the water oriented towards the vessel

within 10 m of the vessel [22].

Targeted surveys of dolphins associating with shrimp trawlers occurred whenever an

actively trawling vessel was observed in the area. Trawler sightings occurred along inshore sur-

vey transects as well as up to 4 km past these transects, outside of Wassaw Sound in 2010 (Fig

1). In 2011, transects were added along this ocean route and into southern Calibogue Sound.

Shrimp trawlers are not permitted to trawl within inland waters in Georgia and South Caro-

lina. The majority of sightings around actively trawling vessels occurred at the mouth of Was-

saw Sound (n = 11), with 2 additional sightings in southern Calibogue Sound.

Photos were taken of all dolphins that associated with a trawler. For this study, dolphins

that followed actively trawling vessels within 150 meters of the stern while the nets were in the

water were considered to be dolphins that associated with shrimp trawlers. The distance of 150

m was based on the approximate distance from the stern of the trawler to the end of the net.
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Only sightings in which all dolphins associated with the trawler were used in analyses to ensure

that no dolphins that were within the sighting but engaged in a different behavior, such as

socializing, were misidentified as “trawler dolphins.” This distinction only removed one sight-

ing with a large group size from the study.

Photo-ID and analysis

The best images of each individual were graded for fin distinctiveness and photographic qual-

ity, according to the protocols developed for the Mid-Atlantic Bottlenose Dolphin Photo-Iden-

tification Catalog [30]. Distinctive animals with one excellent image or two good images from

different days were added to a photo-identification catalog for the Savannah area.

A discovery curve determined that dolphins that begged displayed the behavior within the

first 6 sightings on separate days (S1 Fig) [31]. Therefore, dolphins in the catalog that were

Fig 1. The study area, located near Savannah, Georgia. Transects surveyed are denoted for each year of

surveys from 2009–2011.

doi:10.1371/journal.pone.0170151.g001
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seen on� 6 field days were categorized based on observed human interactions. If a dolphin

was seen associating with a trawler with nets in the water it was considered a trawler dolphin.

Dolphins seen begging at any vessel (including recreational boats, the research boat, and com-

mercial crab or shrimp boats) or a dock were labeled as beggars. Confirmed non-beggars and

confirmed non-trawlers were individuals sighted on� 6 field days without having ever been

seen begging or associating with a trawler, respectively. Some animals seen on� 6 field days

were considered “unknown” for beg status, because even though they were sighted on� 6

field days they could not be confirmed as not begging (i.e. they were seen in large groups with

begging observed but the beggars could not be identified). Beg status and trawler status were

assigned separately for each individual; therefore, each individual could be classified as a) beg-

gar, non-trawler; b) non-beggar, trawler; c) beggar and trawler; d) non-beggar, non-trawler; e)

unknown beg status, trawler; or f) unknown beg status, non-trawler. The percentage of dol-

phins in the catalog seen on� 6 field days that begged, associated with trawlers, engaged in

both behaviors, and engaged in neither was determined. The mean group size was determined

for all sightings as well as for sightings with begging or trawler associations observed.

Social analyses

Analyses of association were conducted for non-calf individuals that were identified on� 6

field days. Coefficients of association (COA) or association indices are estimates of how much

time two individuals are seen together, usually expressed as a proportion. The half-weight

index (HWI) of association was used to reduce the bias resulting from the fact that not all indi-

viduals in a group are always identified by photo-identification [32–33]. The equation for

HWI is:

x
x þ 1

2
ðnA þ nBÞ

Where

• x is the number of sightings animals A and B were seen together

• nA is the number of sightings in which only animal A was identified

• nB is the number of sightings in which only animal B was identified

A resulting value of 1 means that the animals were seen together in all sightings; whereas, a

value of 0 indicates the animals were never sighted together.

One of the assumptions of association indices is that “if one individual is identified in a

sample period, then all its associates are identified” [34]. Therefore, in larger study areas where

the entire area is not covered during each survey, setting the sampling period to a longer time

period is important. The sampling period in this study was variable, with each period based on

the number of days it took to cover the entire study area. Therefore, each sampling period was

assigned manually, and ranged from 5 to 12 field days. Survey days were not consecutive;

therefore, it is possible that animals may have moved within the duration of the sampling

period.

Half-weight indices of association were calculated for each pair of individuals (dyad) using

SOCPROG 2.4 [35]. To test the accuracy of the calculated association indices versus the true

amount of time that individuals spent together, a likelihood approximation of the correlation

between the true and estimated association indices was calculated [34]. The mean HWIs for

dyads were compared within and between classes for the classes of begging and associating
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with trawlers. A Mantel test was used to test for significance in the difference in association lev-

els within classes compared to association levels between classes.

An estimate of social differentiation was calculated to determine the amount of homogene-

ity versus differentiation within the social system based on the coefficient of variation (CV) of

the true association indices using the likelihood method [34]. This test indicated whether or

not there was social structure within the group of animals analyzed. Further testing then

attempted to identify what that structure looked like and how individuals were broken into

groups or clusters.

Community division by modularity was used in SOCPROG 2.4 to cluster animals into

groups based on association indices. Community division by modularity is based on the differ-

ence between the observed proportion of associations in the cluster compared to the expected

proportion of associations [36]. If the modularity value was greater than 0.3, the clusters repre-

sented a useful division within the group of animals used for analysis [36].

Utilization areas

The locations of sightings were plotted in ArcGIS 9.3. Utilization areas were created using ker-

nel density analysis using Home Range Tools for ArcGIS Version 1.1 [37]. A utilization area

was created for each social cluster. Utilization areas were created with 50% and 90% isopleths,

representing the area in which the dolphin would be expected to spend that percentage of its

time. An adaptive kernel was used, and the smoothing parameter was set to 0.8 proportion of

reference bandwidth.

Results

Common bottlenose dolphins associated with a shrimp trawler in 13 sightings across 5 days

and begged in 131 sightings across 65 days. There were 137 non-calf dolphins seen on� 6

days and used in subsequent analyses. Overall 86 individuals (62.8%) were observed engaging

in one or both human-interaction behaviors. Fifty-one (37%) were trawler dolphins, and 86

(63%) were non-trawler dolphins. Fifty-five (40%) of the dolphins were beggars, 71 (52%)

were non-beggars, and 11 (8%) were of unknown beg status. Only 20 individuals (15%)

engaged in both behaviors. Forty (29%) of the dolphins did not engage in either human-related

foraging behavior, and the 11 (8%) with unknown beg status were all non-trawler dolphins.

The mean group size was 5.8 ± 7.6 for all sightings. The mean group size for trawler-associ-

ated sightings was 29.5 ± 22.3, and based on our definition of a trawler sighting, all dolphins in

the sighting associated with the trawlers. For sightings with begging, the mean group size was

9.3 ± 10.7, and the average number of dolphins that begged was 2.2 ± 2.7. In 57.3% of sightings

with begging, only one dolphin was observed begging (75 of 131 beg sightings) despite the

overall group size of 1–39 dolphins present. Although sex and age class was unknown for the

majority of individuals, we observed males, females, and calves throughout the study, includ-

ing in sightings with begging and with trawler interactions.

Social analyses

The estimate of the correlation coefficient between the true association indices and the esti-

mated association indices was 0.435 (S.E. 0.047) using the likelihood approximation. Estimates

could range from 0–1, and a value of 0.435 means that the association indices obtained were

somewhat representative of the true associations [34]. Therefore, the results of this study were

useful for generalizations, but association indices between specific pairs of individuals may not

have been valid. The overall mean half-weight index (HWI) was 0.05 ± 0.03, with a mean maxi-

mum HWI of 0.53 ± 0.20 (Table 1).
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The mean HWI was higher for trawler dolphins than non-trawler dolphins (Table 1). The

mean HWI was highest between pairs of trawler dolphins (0.20 ± 0.07) compared to pairs of

non-trawler dolphins (0.04 ± 0.02) and mixed pairs (0.02 ± 0.02; Fig 2). In addition, maximum

HWI was greatest for trawler pairs (0.60 ± 0.20), followed by non-trawler pairs (0.44 ± 0.19)

and then mixed pairs (T-NT 0.35 (SD 0.14) and NT-T 0.21 (SD 0.16); Table 1). There was a

significant difference in association indices between animals that belonged to the same trawler

class compared to animals that belonged to different trawler classes (Mantel test t = 16.3244,

p< 0.0001, Matrix correlation 0.25194; Table 1).

There was little difference in mean HWI for non-beggars versus beggars, in contrast to

what was observed between non-trawler and trawler dolphins (Table 1). The mean HWI for

pairs of non-beggars (0.07 ± 0.04) was slightly greater than the mean HWI for pairs of beggars

(0.05 ± 0.03) and mixed pairs (0.05 ± 0.04; Fig 2). Maximum HWI ranged between 0.41–0.55

for all beg classes (Table 1). According to the tests for differences in associations between/

within classes, there was a significant difference in association indices between animals that

belonged to the same beggar class compared to animals that belonged to different beggar clas-

ses (Table 1; Mantel test t = 3.7235, p = 0.0001, Matrix correlation 0.056412).

The bottlenose dolphins near Savannah had a well-differentiated social structure, with a

social differentiation value of 0.902 (S.E. 0.067) using the likelihood method. Community divi-

sion by modularity produced 6 clusters (Table 2) and a modularity of 0.307, which indicated

that the grouping was a useful division. Three of the clusters were comprised entirely of non-

trawler dolphins (Clusters 1, 2, and 3; Table 1). Two clusters were comprised of almost all

trawler dolphins, with two non-trawler dolphins in a cluster of 30 animals and 6 in a cluster of

27 animals (Clusters 4 and 5; Table 1). One cluster only contained 2 dolphins, both of which

were trawler animals (Cluster 6; Table 1). Begging was mixed throughout the clusters, with 5

of the 6 clusters containing both beggars and non-beggars. Cluster 6 only contained 2 individ-

uals, both of which were beggars.

Utilization areas

Social clusters 1, 2, and 3 were the non-trawler clusters. The utilization area of cluster 1 cov-

ered many of the smaller rivers and creeks in the center portion of the study area (Fig 3a).

Social cluster 2 was found in many similar sized bodies of water (Fig 3b); however, the utiliza-

tion area was primarily found in the western portion of the study area. The dolphins in social

Table 1. Summary of half-weight association indices for common bottlenose dolphins Tursiops truncatus near Savannah, Georgia.

Mean Max Mean Max

NT 0.03 (0.01) 0.47 (0.18) NB 0.06 (0.03) 0.55 (0.19)

T 0.09 (0.03) 0.62 (0.19) B 0.05 (0.03) 0.53 (0.22)

NT-NT 0.04 (0.02) 0.44 (0.19) NB-NB 0.07 (0.04) 0.49 (0.19)

T-T 0.20 (0.07) 0.60 (0.20) B-B 0.05 (0.03) 0.46 (0.22)

NT-Ta 0.02 (0.03) 0.21 (0.16) NB-Ba 0.05 (0.03) 0.42 (0.19)

T-NTa 0.02 (0.01) 0.35 (0.14) B-NBa 0.05 (0.04) 0.41 (0.19)

Within 0.10 (0.09) 0.50 (0.20) Within 0.06 (0.04) 0.46 (0.21)

Between 0.02 (0.03) 0.26 (0.17) Between 0.05 (0.03) 0.42 (0.18)

Overall 0.05 (0.03) 0.53 (0.20) Overall 0.05 (0.03) 0.53 (0.20)

The mean and maximum half-weight association indices for non-trawler (NT) and trawler (T) common bottlenose dolphins Tursiops truncatus near

Savannah, Georgia, as well as non-begging (NB) and begging (B) dolphins. Standard deviations are in parentheses.
aThere is no biological difference between NT-T and T-NT or NB-B and B-NB; this distinction is an artifact of the calculations.

doi:10.1371/journal.pone.0170151.t001
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cluster 3 were found in the northern portion of the study area, with a core utilization area in

Bull River and Lazaretto Creek (Fig 3c). Social clusters 4, 5, and 6 were the trawler clusters.

Clusters 4 and 5 had similar utilization areas with core usage in the large Wassaw Sound and

Wilmington River (Fig 3d and 3e). Cluster 6 was comprised of only 2 dolphins, which were

sighted in both Wassaw Sound and Lazaretto Creek but had a core utilization area centered

near the mouth of Lazaretto Creek (Fig 3f).

Discussion

Both trawler associations with and begging behaviors by dolphins were prevalent in the water-

ways around Savannah. The high mean coefficient of association for pairs of trawler dolphins

Fig 2. Mean half-weight association indices between pairs of common bottlenose dolphins Tursiops

truncatus near Savannah, Georgia that associate with trawlers (T) and do not associate with trawlers

(NT), and separately for dolphins that are beggars (B) and non-beggars (NB).

doi:10.1371/journal.pone.0170151.g002

Table 2. Six social clusters of common bottlenose dolphins Tursiops truncatus near Savannah,

Georgia.

Cluster % Trawler % Beggars Total

1 0% 32% 22

2 0% 50% 34

3 0% 41% 22

4 93% 37% 30

5 78% 33% 27

6 100% 100% 2

Since individual dolphins can exhibit both begging and trawler association behaviors, or neither behavior, the

numbers will not add to 100%.

doi:10.1371/journal.pone.0170151.t002
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as well as the splitting of social clusters revealed that the social structure of dolphins near

Savannah was differentiated based on associations with trawlers. However, beggars were

mixed throughout social clusters, indicating that this behavior was not related to the observed

social structure.

Fig 3. Utilization areas for social clusters of common bottlenose dolphins Tursiops truncatus near

Savannah, Georgia. Clusters 1, 2, and 3 were considered non-trawler clusters, and clusters 4, 5, and 6 were

considered trawler clusters.

doi:10.1371/journal.pone.0170151.g003
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The common bottlenose dolphins near Savannah live in a well-differentiated society with

an overall mean HWI of 0.05 ± 0.03. Similar mean levels of association have been observed

within bottlenose dolphin groups in locations where some of the individuals are known to

engage in a human-related foraging behavior [9–10]. Association levels between dolphins near

Savannah differed based on whether or not individuals associated with trawlers. There was a

significant difference in the within (0.10 ± 0.09) and between (0.02 ± 0.03) class association lev-

els for classes of trawler and non-trawler dolphins, meaning that dolphins spent more time

with other dolphins of similar trawler classification (i.e., trawler or non-trawler) than they did

with dolphins dissimilar to them. While there was also a significant difference in the within

(0.06 ± 0.04) and between (0.05 ± 0.03) class association levels for beggars and non-beggars,

the differences were much smaller than those observed for trawler and non-trawler dolphins.

The HWI provided evidence that common bottlenose dolphins near Savannah associated

more with dolphins of the same trawler status than they did with dolphins of the same beggar

status. This was confirmed by the composition of the six social clusters that were formed as a

result of community division through modularity. These six social clusters were split into

trawler and non-trawler groups; however, begging dolphins were mixed throughout the

clusters.

The question that remains is: why are trawler dolphins grouped together, but beggars are

spread throughout the clusters? The division of social groups based on trawler interaction sta-

tus indicates that trawler foraging may be a socially learned behavior, as the horizontal trans-

mission of specialized foraging behaviors has been recorded in cetaceans [13–15]. However,

due to the sporadic nature of beggars throughout the clusters, the mechanisms for the propa-

gation of begging are less clear. Bottlenose dolphins that learned to accept food handouts from

boats in south-western Australia showed correlations to both the use of high-density boat

areas as well as higher coefficients of associations with previously conditioned dolphins [14].

Social learning may still be a factor in the propagation of both behaviors, but distinctions in

the techniques used and caloric outcomes may result in differences in the way the behaviors

are spread throughout the social clusters.

The energy expenditure versus the reward may not be equal for the behaviors of begging

and associating with trawlers. There is a greater amount of food available in trawler nets com-

pared to the amount that is usually handed out to begging dolphins, if they are fed at all. Dol-

phins feeding around fish farms near Sardinia, Italy had lower association strengths than

dolphins that did not feed near the fish farms, possibly because there would be an increase in

competition if more individuals were involved [8]. However, dolphins that engaged in human-

related foraging behaviors around aquaculture farms and trawlers near Lampedusa, Italy had

the highest association levels of any of the dolphin social clusters in the study [9]. It was

hypothesized that by associating with individuals that forage in the same manner, the dolphins

expand their efficiency and safety, particularly while interacting with trawler nets [9]. There-

fore, having associates that forage in the same manner may be more important for an activity

such as trawler foraging, which may involve group manipulation of nets and a higher payout,

than it is for begging, which may be a more solitary activity as was observed in 57.3% of beg

sightings in the current study.

Group size may also serve as an indication of the significance of cooperative foraging or the

size of the reward. Killer whales in the eastern North Pacific are divided into mammal-eating

transients and fish-eating residents. The group sizes of these two groups differ, possibly due to

the reliance on cooperative hunting as well as the resulting prey size for transients [3].

Although cooperative foraging may or may not be a significant benefit to dolphins feeding

from trawlers, the behaviors of begging and associating with trawlers do differ in the amount

of prey captured and therefore, the carrying capacity of each behavior. Sightings in which
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dolphins associated with trawlers near Savannah were triple the size of sightings in which dol-

phins begged.

Overall, homophily, or behavior matching, may be either neutral or positive for trawler dol-

phins, whereas it may be negative for beggars. It may be advantageous for individuals to have

associates that engage in different foraging behaviors, as they will have less competition within

the group and therefore greater availability of prey for all members [3,19]. Feeding around

trawlers likely provides a large food source available for a long period of time. However, beg-

ging may result in a sporadic and smaller food source, and therefore it may only be beneficial

for individuals or small groups.

The social clustering of dolphins based on trawler foraging but not begging may also be par-

tially due to access to and predictability of the food source. Specifically, trawlers are clustered

in space and time, whereas recreational boats have less predictable locations and timing. Only

the utilization areas of trawler dolphins overlapped with the areas where trawlers operated, in

the ocean. Therefore, associating with trawlers for food is only available to dolphins in certain

areas, whereas beggars could be found anywhere that either trawlers or recreational boats are

present, including the rivers, sounds, and small creeks.

The social clusters of common bottlenose dolphins near Savannah had different but over-

lapping utilization areas. The non-trawler clusters were found primarily in creeks and smaller,

more inland portions of rivers. In contrast, the trawler clusters were found in Wassaw Sound

and the lower Wilmington River, which are much larger bodies of water and a transit area for

shrimp trawlers. Bottlenose dolphin clusters in other areas worldwide utilized areas with dif-

ferent habitat types or environmental variables, such as water depth, bottom type, and distance

to shore [5,38–40]. The trawler group in Moreton Bay, Australia occupied deeper waters that

were farther from shore, whereas the non-trawler dolphins were sighted closer to shore in shal-

lower water in areas covered by seagrass [40]. Despite these differences the trawler and non-

trawler groups in Moreton Bay still shared 31% and 14.5% of their core utilization areas,

respectively [6], similar to the overlap observed in the utilization areas of the trawler and non-

trawler clusters in Savannah.

The extent to which the utilization area of dolphins overlapped with that of active trawlers

may have played a factor in which groups associate with trawlers, as only the trawler dolphins’

core utilization area at the mouth of Wassaw Sound overlapped with an area of active trawling

in this study. Nevertheless, the influence of fisheries on the social structure of dolphin groups

should not be disregarded. Extreme social segregation of trawler and non-trawler dolphins in

Moreton Bay, Australia was observed in the 1990s [6]. Since then, changes to fisheries rules

have led to a decrease in trawling in the area, and the social network of the dolphins has

become less differentiated [41]. The trawler and non-trawler dolphins are now spread

throughout the social network, suggesting that the trawler associations were a driving force in

the earlier differentiation of the social network rather than solely habitat preferences or geo-

graphic location in Moreton Bay, Australia [41].

Dolphins in Shark Bay, Australia demonstrated a correspondence between ecological fac-

tors and certain foraging tactics, especially the use of sponges as tools, whereas other behaviors

showed no correspondence [12]. Foraging tactics may be specific to habitats or prey availabil-

ity and those habitats, as there is no point engaging in a foraging behavior that will not be suc-

cessful in a certain type of habitat. However, just because a tool or behavior is available to an

individual does not mean that it will necessarily employ it, as only 12% of dolphins sighted in

areas where sponges were present were seen carrying sponges [12]. Thereby, ecology alone

does not dictate whether certain individuals will engage in a particular behavior.

Based on the differentiation of trawler and non-trawler dolphins into different social clus-

ters, it appears that the behavior of foraging in association with shrimp trawlers is a socially
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learned behavior. In contrast, begging behavior was observed throughout social clusters,

which would indicate a lesser reliance on social learning for the spread of the behavior. How-

ever, it is important to consider more factors associated with each behavior. Quantifications of

social interactions between individuals are often used in studies examining the potential

spread of foraging behaviors through social learning [14–15]. Human-interaction behaviors

are often analyzed together; however, parsing different behaviors may alter our understanding

of human impacts on social structure, behavior, and foraging success.

Supporting Information

S1 Fig. Discovery curve indicating the number of sightings until each individual was

observed begging. Previous research in Savannah indicated that 90% of cataloged beggars dis-

played begging behavior by their 4th sighting [31]. These data were used to determine that 6

sightings on separate days were sufficient to determine if an individual was a beggar. There-

fore, each individual in the social analyses was observed in a minimum of 6 sightings.

(TIF)

S1 Dataset. Data used in all analyses. All sighting data including sighting locations and

human-interaction behaviors observed and dolphin group size; sighting data by individual

dolphins; beg and trawler status for each dolphin; and social clusters with beg and trawler sta-

tus.

(XLSX)
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