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Abstract

Cetaceans are highly mobile species with complex 
social structures, aspects that play an important role 
in their fitness such as survival and offspring pro-
duction. Population dispersal influences the dynam-
ics of social species, which may vary with age, sex, 
or individual status, thus resulting in segregation; 
however, sex-related dispersal and social affiliations 
have been studied only in a handful of species at few 
locations. We conducted a 2-y photographic survey 
in an open habitat off the coast of Mexico to deter-
mine if site fidelity, residency, and social affiliations 
in male and female bottlenose dolphins (Tursiops 
truncatus) revealed sexual segregation. Forty-one 
surveys yielded 167 h of field effort and 61 h of 
observations. From 174 different individuals, we 
sexed 38 females and 11 males (45% positively and 
55% tentatively). Females were more resident (p < 
0.05), had higher site fidelity (p < 0.05), and had 
weaker associations (p < 0.05) with a higher number 
of partners (p < 0.05) than males and putative males. 
Associations were not dictated by differences in 
sample size or temporal patterns between sexes, 
and 53% of recorded partnerships were preferred/
avoided relationships. Although the composition 
of social interactions in the community was highly 
dynamic, it unveiled evidence of sexual segregation. 
Temporal and social patterns suggest that males may 
be primarily responsible for gene flow among adja-
cent locations. Female associations occurred within 
a large but unstable network, potentially resembling 
“bands”; conversely, males and putative males 
only grouped in pairs or trios, showing significant 
temporal changes in their relationships, and poten-
tially resembling first- and second-order alliances. 
Detailed behavioral and genetic data are needed to 
unravel the social dynamics of this dolphin commu-
nity and the mechanisms driving their evolutionary 
change.
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fidelity, social affiliations

Introduction

Dolphin fidelity towards coastal systems has 
been recognized as highly variable among indi-
viduals, sexes, and populations, ranging from 
strong long-term residency in small areas to long 
distance movements of some dolphins (Connor 
et al., 2000). The term residency does not neces-
sarily imply an indefinite permanence of individu-
als in a given space but the existence of limited 
movements reflected in an increased frequency 
of sightings in a given area, with a concomitant 
lower level of movements outside of that area. 
Bottlenose dolphins (Tursiops truncatus) are 
highly mobile cetaceans, living in fission-fusion 
societies with strong social bonds (Connor et al., 
1992), whose spatial and temporal distribution 
patterns are often related to environmental fea-
tures such as sea surface temperature (SST), 
depth, presence of predators, and abundance and 
distribution of prey (Wells et al., 1987; Ballance, 
1990; Whitehead et al., 2000; Rogers et al., 2004). 
The causes for individual movements are difficult 
to assess, but they have been related to changes 
in environmental parameters and sex-based dif-
ferences in access to resources (more relevant in 
females) and mates (more relevant in males) as 
well as to levels and types of human activities 
(Ballance, 1990; Wells, 1991, 2003; Lusseau, 
2004; Möller & Beheregaray, 2004; Morteo et al., 
2004, 2012b). 

Data on individual dolphin movements over the 
last two decades have produced further insight into 
their social ecology. For instance, along the west 
coast of Florida, males have been found to have 
larger ranges than females (Wells, 2003; Urian 
et al., 2009). The smaller distributional ranges and 
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longer presence within feeding areas of females 
may promote frequent interactions with other 
females (Quintana-Rizzo & Wells, 2001) and larger 
networks of associates, including mostly other 
females (Smolker et al., 1992; Quintana-Rizzo & 
Wells, 2001; Maze-Foley & Würsig, 2002; Krützen 
et al., 2004; Rogers et al., 2004). Conversely, larger 
ranges in males decrease the possibility of having 
frequent associations with numerous partners 
(Quintana-Rizzo & Wells, 2001; Krützen et  al., 
2004). Thus, some male bottlenose dolphins form 
strong alliances with only a few male individuals, 
involving collaborative behaviors (Wells et al., 
1987; Smolker et al., 1992; Connor et al., 2000, 
2006; Möller et al., 2001; Owen et al., 2002). 

Since females and males may use productive 
areas with different purposes, sex-related differ-
ences in access to resources may be reflected in 
the duration and frequency of area occupancy. 
In addition, given that differences in individual 
movements may change the community struc-
ture (sensu Wells et al., 1987) and alter individual 
association patterns (Smolker et al., 1992; Bräger 
et al., 1994), dolphins from open communities, 
living in habitats with strong seasonal fluctua-
tions, are expected to experience shifts in their 
residency patterns and social structure, thus lead-
ing to potential sexual segregation. In most cases, 
whether such sexual differences in individual 
movements are the cause or the consequence 
of their social patterns is unclear, but the move-
ments have different demographic effects (e.g., in 
population stability) depending on environmental 

pressures and, therefore, are an important driver 
of evolutionary change among communities (e.g., 
genetic structure and variability).

Bottlenose dolphins along the coastal waters 
off Alvarado, Mexico, in the Gulf of Mexico, 
have been studied intermittently since 1993, and 
the high and relatively stable levels of abundance 
underline the importance of the area as habitat for 
this species (García, 1995; Del Castillo, 2010; 
Morteo et al., 2012b). Recent information indi-
cates that this is an open community, and temporal 
patterns for these dolphins range from transient 
and seasonal visitors to year-round and long-term 
residents (Morteo, 2011). However, no detailed 
information is available regarding sex-related pat-
terns of residency and associations among indi-
viduals. Consequently, we set out to determine 
sex-related differences in temporal and social pat-
terns of bottlenose dolphins off Alvarado under 
the hypothesis that given the open nature and the 
seasonality of their habitat, male bottlenose dol-
phins will have lower residency and only a few 
strong associates, whereas females will have 
stronger residency and many more associations, 
thus potentially promoting sexual segregation. 

Methods

Study Area
The study area is an open ocean coastal habitat 
in the southwestern Gulf of Mexico (Figure  1). 
Water depth reaches 20 m, and SST ranges from 
20º to 32.5º C, with an annual average of 27º C. 

Figure 1. Location of study area; dashed lines show depth contours every 5 m.



		  

The regional climate is tropical with three seasons: 
(1) a rainy season (July-October), in which runoff 
into the adjacent lagoon and mangrove forest 
causes high organic matter and nutrient input into 
coastal waters; (2) a windy season (November-
February), featuring strong winds (up to 80 km h-1) 
associated with the incursion of northern cold 
fronts, which may last several days; and (3) a dry 
season (March-June) with a significant reduction 
in average precipitation. Coastal artisanal fisher-
ies are the most important commercial activity, 
taking place year-round, depending on weather 
and market demands. Fisheries activities are rel-
evant to coastal bottlenose dolphin populations in 
light of the frequent adverse interactions between 
dolphins and local fishers through incidental mor-
talities of dolphins in nets (Morteo, 2011; Morteo 
et al., 2012b).

Surveys
Surveys covering 9 km along the coastal waters 
on both sides of the entrance to the Alvarado 
Lagoon were conducted twice per month from 
25 May 2006 to 24 April 2008. The extent of the 
surveyed area was constrained by the duration of 
daily operations and was intended to maximize 
the chance of encountering coastal bottlenose dol-
phins, based on their habitat preferences (Ballance, 
1990; Fazioli et al., 2006). Surveys were carried 
out at constant speed (15 to 18 km h-1) always 
under Beaufort sea state 3 or lower (wind speed 
< 15 km h-1) on board a 7-m outboard motor boat 
(40/60 hp). When dolphins were sighted, they 
were approached with caution to avoid disturbing 
them as group size and behavior were recorded. 
We used an inclusive definition of group, consist-
ing in all dolphins observed in apparent associa-
tion, moving in the same direction, and often, but 
not always, engaged in the same activity (Bräger 
et al., 1994); however, some groups included only 
one dolphin (Fazioli et al., 2006). Dolphins were 
followed until all dorsal fins were photographed 
(digital SLR cameras Canon Rebel XT and Nikon 
D50, 70 to 300 mm lenses) or until they were lost. 
The entire study area was surveyed each time.

Data Analyses
Photographic Identification—Individual bottle-
nose dolphins were identified by marking patterns 
on their dorsal fins (Würsig & Würsig, 1977; 
Würsig & Jefferson, 1990; Wells, 2009; see also 
Morteo, 2011). Dolphins lacking conspicuous 
identifying markings (excluding tooth rakes, scars, 
pigmentation marks, superficial wounds, and epi-
phytic organisms) were considered unidentifiable 
and were excluded. Additionally, we assessed the 
probability of photographing marked dolphins 
in each sighting by computing the number of 

high-quality pictures from each individual; four or 
more pictures from each animal have been shown 
empirically to afford a 95% chance of photograph-
ing every dolphin in the group (Ballance, 1990; 
Bejder & Dawson, 2001). Individual sex was first 
determined in the field through direct observa-
tions of the genital area, and it was confirmed in 
photographs when available (Quintana-Rizzo & 
Wells, 2001; Maze-Foley & Würsig, 2002; Rogers 
et al., 2004). In the absence of direct evidence, 
females were also identified as individuals asso-
ciating consistently with a calf or a young animal 
(Connor et al., 2000; Quintana-Rizzo & Wells, 
2001; Maze-Foley & Würsig, 2002; Rogers et al., 
2004). On the other hand, putative males were 
identified as individuals that (1) were never found 
associated with calves or young animals (Felix, 
1997), and (2) consistently displayed synchro-
nized swimming (Connor et al., 2000, 2006) with 
at least another adult that was not classified as 
female. Since calving intervals for females might 
be longer than the studied period, the latter crite-
ria were expanded to individual data from 2002 to 
2003 and 2009 to 2010, increasing the certainty 
that female sex classification was correct. This 
also allowed searching for graphic evidence con-
firming the sex of putative male dolphins over a 
larger database. Dolphins without conspicuous 
identifying markings (ca. 23% of the total) were 
excluded from subsequent analyses. Sexed indi-
viduals were included only if they were adults 
(based on their total length relative to the research 
vessel) and sighted in five or more survey days 
(Bräger et al., 1994; Felix, 1997; Bejder et al., 
1998; Maze-Foley & Würsig, 2002; Rogers et al., 
2004); thus, analyses were performed only in dol-
phins with a certain degree of residency.

Site Fidelity and Residency—Individual sighting 
histories were used to assess site fidelity, defined 
as the number of recaptures divided by the number 
of surveys in seasons and years (Simões-Lopes 
& Fabian, 1999; Quintana-Rizzo & Wells, 2001; 
Morteo et al., 2012a). In addition, individual resi-
dency was determined by computing their occur-
rence (number of sighting records), permanence 
(days between the first and last captures), and peri-
odicity (average days between consecutive recap-
tures) (sensu Ballance, 1990). Since estimation of 
residency parameters is prone to biases from sam-
pling frequencies and individual recapture rates, 
we assessed whether the observed trends between 
sexes were significant using simulations (Morteo 
et al., 2012a). We used the program Resident 2.10 
(Morteo et al., 2012a) to simulate samples for 
each sex based on the observed individual recap-
ture rates (the number of sightings divided by the 
number of surveys)—that is, each individual was 
simulated using its particular recapture rate over 
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a period with the same duration as this study and 
assuming a hypothetical daily sampling frequency. 
This procedure allowed the calculation of new 
scores for each residency parameter, assuming 
an intensive sampling, and was repeated 10,000 
times for each individual. Residency scores were 
then individually averaged and compared between 
sexes (ANOVA). 

Associations—Photographic data were also 
used to compute half-weight (i.e., controlled for 
sighting frequencies) coefficients of association 
(COA) for each dyad (pair of individuals) (e.g., 
Smolker et al., 1992; Bräger et al., 1994; Felix, 
1997; Möller et al., 2001; Quintana-Rizzo & 
Wells, 2001; Parsons et al., 2003; Rogers et al., 
2004) using SOCPROG 2.4 (Whitehead, 2009). 
COA values range from zero for dolphins that are 
never seen together to one for a pair that is always 
seen together. The number of affiliates (sensu 
Maze-Foley & Würsig, 2002) was calculated for 
each individual and compared between sexes. 
The number of male–male (M-M hereafter) and 
female–female (F-F hereafter) associates, includ-
ing all putative males and females, were calcu-
lated and compared. However, since an uneven 
sex ratio will bias the number of available partners 
to associate with, we also made these computa-
tions on normalized associations based on a 1:1 
sex ratio to correct for the observed bias and to 
provide standardization for comparison with other 
populations. Accordingly, the number of males 
and females were equalized by randomly elimi-
nating individuals from the more abundant sex 
class (i.e., females), and new COA values were 
estimated for the balanced dataset. This procedure 
was repeated until all individuals from the more 
abundant sex class were removed at least once; 
we then used all the information to obtain median 
COA values for each dyad and compare between 
sexes (Mann-Whitney test).

COA values were categorized as infrequent (0.0 
to 0.2), casual (0.2 to 0.4), fair (0.4 to 0.6), moder-
ate (0.6 to 0.8), or strong (0.8-1.0) (Smolker et al., 
1992; Quintana-Rizzo & Wells, 2001). Given the 
fluid nature of bottlenose dolphin groups, associa-
tion patterns towards specific partners may change 
between years (Whitehead et al., 2000); therefore, 
year-round COA matrixes were correlated using 
Mantel’s tests (XL-Stat 2011.1.03); the latter was 
performed separately for all paired relationships 
and for M-M and F-F dyads as well (Rogers et al., 
2004). Sociograms were constructed over year-
round datasets for each sex using SOCPROG 2.4 
(Whitehead, 2009) as a visual aid to compare 
social networks. Finally, preferred and avoided 
companions were tested through the randomiza-
tion test described by Bejder et al. (1998) using 
the routine in SOCPROG 2.4 (Whitehead, 2009) 

with two-tailed tests (α = 0.05) and 10,000 per-
mutations (Möller et al., 2001; Maze-Foley & 
Würsig, 2002; Parsons et al., 2003). 

Results

Surveys
The study area was sampled entirely on each of the 
41 photographic surveys; total search effort was 
167.1 h, comprising 61.0 h of bottlenose dolphin 
observations. Group size ranged from 1 to approx-
imately 100 dolphins (x– = 9.72, SD = 13.11), and 
most aggregations (72%) had fewer than 10 mem-
bers. From all sightings, dolphin pairs were the 
most frequent groups (18%), followed by single 
individuals (14%) (Figure 2).

Photo-Identification
From the 14,011 available photographs, all indi-
viduals were positively identified in 77% of the 
groups sighted, comprising 871 dorsal fins from 
174 positively identified bottlenose dolphins. 
Sex was tentatively assigned for 39 females and 
15 males of which 15 females and 7 males were 
confirmed through observations and/or pictures 
from the genital area. Individual sexing averaged 
89% (±15 SD) of the animals in each group that 
included dolphins recorded five or more times. The 
proportion of sightings composed only by females 
was 45%, whereas 39% were mixed sex aggrega-
tions, and groups composed only by males barely 
reached 5%. Of the 73 dolphins sighted in five or 
more occasions, only 38 females and 11 males 
were sexed (45% positively and 55% tentatively), 
and these were included in the following analyses. 

Site Fidelity and Residency—The 49 sexed 
individuals were seen repeatedly in the 2-y study 
and showed no significant (p > 0.15 in all cases) 
differences in site fidelity or residency among 

Sexual segregation in bottlenose dolphins from the Gulf of Mexico 
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Figure 2. Group size of bottlenose dolphins recorded along the waters off the Alvarado Lagoon in 

the Gulf of Mexico.  

 

 

Figure 2. Group size of bottlenose dolphins recorded along 
the waters off the Alvarado Lagoon in the Gulf of Mexico 
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seasons or between years. However, recalculations 
of individual scores using the simulation software 
resulted in males and putative males having sig-
nificantly lower site fidelity, occurrence, and peri-
odicity (a higher average means lower periodicity) 
than females, whereas comparisons of permanence 
yielded no significant differences (Table 1).

Associations—The overall number of affili-
ates for the entire sample ranged from 29 to 48, 
averaging 43.3 (± 4.8). Males and putative males 
had 34 to 47 (x– = 41.4 ± 4.6) associates, whereas 
females and putative females had 26 to 48 (x– = 
43.9 ± 4.8) associates; no significant differences 
(p = 0.87) were found between sexes. However, 
comparisons within sexes gave different results 
upon standardization to an unbiased sex ratio—
that is, F-F affiliates ranged from 22 to 36 (x– = 
33.1 ± 3.3) (Figure 3) decreasing to 7 to 10 (x– = 8.8 
± 1.1) when individuals were randomly removed 
to match M-M sample size, whereas M-M associ-
ates ranged from 4 to 10 (x– = 6.0 ± 2.8) (p = 0.03).

Computation of paired COA values showed 
that overall association patterns did not change 
significantly between years, and this was true 
for all possible dyads (Mantel’s test, p < 0.01 in 
all cases). Both sexes showed a small number of 
moderate and strong associations (M-M = 7%; F-F 
= 2%) and a large number of infrequent and casual 
associations (M-M = 85%; F-F = 89%); thus, 
from all the possible paired combinations, most 
bottlenose dolphins did not associate consistently. 
However, since the significance of the Mantel’s 
test may be biased when most paired comparisons 

have singular values (i.e., infrequent and casual), 
a new test was performed using only COA values 
from fair to strong; in this case, we found tempo-
ral consistency in F-F associations, and only M-M 
annual matrices were not correlated (p = 0.4), thus 
being significantly different between years. 

Females and putative females had a larger 
social network with weaker associations since 
they were less likely to form discrete small and 
consistent groups. Conversely, male and puta-
tive male associations were stronger and involved 
fewer partners. Few females had a higher number 
of moderate or strong associates that changed 
(although non-significantly) between years (i.e., 
F2, F4, F5, F6, F22, F23, F30, F36, and F37) 
(Figure 3). On the other hand, most males and 
putative males were involved in dyads that were 
very stable (Figure 3). However, male dyads also 
associated with other male individuals or pairs, 
but the latter associations were mostly moder-
ate and inconsistent across years; for instance, 
dyad M1-M2 was associated with M5-M11 in 
the first year but switched to M6-M8 the follow-
ing period (Figure 3). Moreover, some individu-
als constituted a third partner whether or not they 
were involved in other dyads (i.e., M6 and M10). 
Females were never the top ranked associates of 
males; however, some males (45%) showed mod-
erate COAs towards some females (32%). The 
latter trends were evident from visual inspection 
of sociograms upon removal of infrequent and 
casual COA values (Table 2; Figure 3); thus, most 

Table 1. Site fidelity index and residency parameters (sensu Ballance, 1990) for individuals sighted five or more times; 
range values are followed by average and standard deviation in parenthesis. F = females and putative females, M = males and 
putative males, and (S) = simulated. The F vs M column shows the significance* of the comparisons.

All F M p (F vs M)

Site fidelity 0.12-0.61 (0.26 ± 0.12) 0.12-0.61 (0.28 ± 0.13) 0.12-0.39  
(0.21 ± 0.07)

0.08

Occurrence 5-25
(10.8 ± 5.0)

5-25
(11.4 ± 5.3)

5-16
(8.5 ± 2.9)

0.08

Permanence 217-700 (554 ± 132) 217-700 (534 ± 143) 334-700 (557 ± 83) 0.99

Periodicity 18-175
(69 ± 33)

18-175
(65 ± 33)

34-132
(83 ± 30)

0.05

Site fidelity (S) 0.11-0.63 (0.28 ± 0.10) 0.11-0.63 (0.31 ± 0.11) 0.13-0.36  
(0.20 ± 0.05)

  0.04*

Occurrence (S) 83-429
(186 ± 81)

83-429
(204 ± 81)

84-270
(139 ± 40)

  0.03*

Permanence (S) 353-700 (641 ± 173) 428-700 
(674 ± 199)

353-700  
(607 ± 158)

0.91

Periodicity (S) 2-24
(7 ± 4)

2-24
(6 ± 3)

10-21
(12 ± 3)

  0.02*



380  Morteo et al. 

M-M associations were significantly higher than 
all other relationships (Table 2).

Finally, the randomization test using the rou-
tine in Socprog showed that many paired associa-
tions (53%) were either stronger or weaker than 
expected by chance (p < 0.05), indicating preferred 
and avoided partnerships. Such associations were 
rare in mixed sex (M-F) pairs (38%) and F-F dyads 
(45%), and common (86%) in M-M associations, 
thus accounting for missing links (i.e., avoidance) 
between individuals and indicating nonreciprocal 
associations (i.e., preferred) between dyad mem-
bers (Figure 3).

Discussion

Our results are deemed to adequately reflect the 
individual trends at least in the portion of the dol-
phin community under study, given the high rate 
of successfully identified bottlenose dolphins 
per sighting (77% of all groups). However, we 
acknowledge the potential for misinterpretation 
that may arise from combining data from positive 
and tentative sexing of the animals. The methods for 
sexing females described herein have been exten-
sively used in other studies; moreover, additional 
considerations such as the exclusion of physically 
immature animals in the analyses and the extended 
search of photographic records from 8.5 y (2002 
to 2010) may have increased the probabilities 

Sexual segregation in bottlenose dolphins from the Gulf of Mexico 
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Figure 3. Annual sociograms for sexed dolphins photographed five or more times off the Alvarado 

coast (n=49). Females (n=38) are shown above whereas males and putative males (n=11) below. 

Strength of associations is presented by line thickness, thin: fair (0.4-0.6), regular: moderate (0.6-

0.8), and thick: strong (0.8-1.0).  

 

Figure 3. Annual sociograms for sexed dolphins photographed five or more times off the Alvarado coast (n = 49); females 
and putative females (n = 38) are shown above, whereas males and putative males (n = 11) are shown below. Strength of 
associations is presented by line thickness: thin = fair (0.4 to 0.6), regular = moderate (0.6 to 0.8), and thick = strong (0.8 to 1.0). 
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that females have produced at least one calf, and, 
thus, the chances of being photographed with it. 
Nevertheless, there is still a slight chance of mis-
classifying females since long calving intervals 
and senesce may occur (Wells, 2003, 2009). On 
the other hand, the determination of males was dif-
ficult at best (Connor et al., 2000; Quintana-Rizzo 
& Wells, 2001; Maze-Foley & Würsig, 2002; 
Rogers et al., 2004); thus, the number of positively 
sexed males (64% of all males) understandably 
raises concerns regarding our ability to classify 
these animals correctly. Nevertheless, we believe 
that our classification is acceptable since all but 
one of the positively sexed males fulfilled our cri-
teria (i.e., that individual appeared in one sighting 
next to a calf, which was photographed four times 
more frequently with its mother during the same 
sighting)—that is, dolphins classified as putative 
males were generally not recorded in close associ-
ation with small animals, and no positive or poten-
tial male was recorded swimming in apparent 
synchrony with any of the known females (even 
when these were more easily and frequently spot-
ted and were sometimes moderately associated to 
male dolphins). 

As we are well aware that our sexing protocol 
and therefore some of our results are yet to be 
validated (hence, attempts to use biological sam-
ples for molecular sexing are already in place), 
it is fair to state that the high frequency of small 
aggregations (32% with one or two individuals) in 
spite of our inclusive definition of group is note-
worthy, illustrating that the community may in 
fact be divided into small and likely single sexed 
social units. For instance, 50% of the sightings 
with sexed individuals identified over five times 
were composed of either males or females that 
join in common activities (such as socialization 
and feeding) (Campbell et al., 2002), establish-
ing larger sex-mixed aggregations (Smolker et al., 
1992; Bräger et al., 1994; Felix, 1997; Quintana-
Rizzo & Wells, 2001; Maze-Foley & Würsig, 
2002; Rogers et al., 2004). The latter unveils the 
possibility for sexual segregation in this commu-
nity, which could be masked by a highly dynamic 

social structure that must be taken into account 
while interpreting the results.

Residency and Site Fidelity
The criteria and methodology used for the esti-
mation of site fidelity and residency patterns are 
often inconsistent across studies; thus, compari-
sons must be made with caution (Morteo et al., 
2012a). However, field and laboratory methods 
used here are the same as those from Del Castillo 
(2010); hence, results are fully comparable. Site 
fidelity and residency patterns for the 232 individ-
uals identified in this community since 2002 have 
been classified as either transient (31% of all indi-
viduals), seasonal visitors (41%), or year-round 
residents (27%) (Del Castillo, 2010; Morteo, 
2011). Moreover, some of these animals (41%) 
have also been re-sighted for over 7 y, thus having 
strong site fidelity and long-term residency. 

Temporal variations in the movements of coastal 
bottlenose dolphins have been related to environ-
mental changes (Ballance, 1990; Simões-Lopes & 
Fabian, 1999; Lusseau, 2004; Morteo et al., 2004; 
Morteo, 2011). On the other hand, sex-related 
dispersal patterns are commonly attributed to dif-
ferences in reproductive requirements and as a 
strategy to prevent inbreeding (Möller et al., 2001; 
Parsons et al., 2003; Krützen et al., 2004; Rogers 
et al., 2004). Both explanations seem plausible 
for the animals described herein since expected 
overall temporal patterns for this community are 
concurrent with seasonal shifts in local environ-
mental conditions (Morteo, 2011) and also because 
females were significantly more resident than 
males (Table 1). Such arguments are supported 
when considering that the 11 males and 6 of the 
females analyzed here correspond to 19.5% of the 
seasonal visitors, and the 32 remaining females 
represent 56% of year-round residents described 
by Del Castillo (2010) and Morteo (2011). 

The different movement patterns between sex 
classes may determine to some extent the number 
and availability of group partners and also pos-
sible mates, reinforcing the potential for sexual 
segregation (Whitehead et al., 2000); but more 

Table 2. Summary of half-weight coefficients of association (COA) for dolphin dyads; parameters marked (H) summarize 
results using only the fair to strong associations (> 0.4). M = males and putative males, F = Females and putative females, 
and * = significant value (p < 0.05).

  Overall M vs all F vs all M-M F-F M-F

Mean 0.24 0.22 0.24 0.27 0.25 0.19
SD 0.12 0.13 0.12 0.17 0.13 0.12
Median 0.22 0.20 0.23 0.22 0.24 0.18
Mean (H) 0.44 0.44 0.44 0.60* 0.45 0.45
SD (H) 0.13 0.11 0.09 0.14 0.10 0.06
Median (H) 0.42 0.40 0.41 0.58 0.42 0.44
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importantly, it suggests that males may be pri-
marily responsible for gene flow among adjacent 
locations as found in at least some other dolphin 
communities (Wells, 2003; Natoli et al., 2004; 
Islas, 2005).

The use of simulated data to resolve the mar-
ginal sexual differences in site fidelity and resi-
dency deserves special attention; such differ-
ences were striking despite the limitations of our 
sex determination protocols (discussed above). 
Morteo et al. (2012a) analyzed the applicability 
of such simulations to account for potential biases 
derived from insufficient field effort. Even though 
their method was not developed for open popula-
tions, the high identification rate (Morteo, 2011), 
use of the most frequently sighted individuals, and 
short sampling period of this study allowed this 
part of the community to be treated as hypotheti-
cally closed (see Zolman, 2002).

Associations
Bottlenose dolphins in Alvarado showed few 
high-level (COA > 0.6) and many low-level (COA 
< 0.4) associations, supporting a highly dynamic 
group membership. These values and the overall 
number of affiliates ranged within the reported 
values for other coastal communities of this spe-
cies (Wells et al., 1987; Smolker et al., 1992; 
Bräger et al., 1994; Felix, 1997; Quintana-Rizzo & 
Wells, 2001; Maze-Foley & Würsig, 2002; Rogers 
et al., 2004). Females generally associated within 
a network, whereas males and putative males usu-
ally formed discrete sets of paired associations 
or triads (Figure 3). Each female was associated 
more consistently with other females in particular, 
but these associations were generally less stable 
than M-M associations. Such patterns have been 
described elsewhere (Smolker et al., 1992; Bräger 
et al., 1994; Felix, 1997; Maze-Foley & Würsig, 
2002) and are considered evidence of sexual seg-
regation, which seems a general rule for bottlenose 
dolphin communities in the wild (Quintana-Rizzo 
& Wells, 2001; Wells, 2003; Rogers et al., 2004). 
Although some males and putative males (45% 
of the sex class) showed fair to moderate COAs 
towards a few females (32%), it is likely that such 
associations may respond to genetic (i.e., young 
but physically mature males sharing part of the 
range of their mothers) (Quintana-Rizzo & Wells, 
2001; Maze-Foley & Würsig, 2002) or reproduc-
tive issues (i.e., persistent attempts to copulate 
with selected individuals) (Smolker et al., 1992; 
Connor et al., 2000) rather than actual social rela-
tions such as deliberate, frequent, and persistent 
encounters through which a broad range of coop-
erative or reciprocal activities take place, includ-
ing but not limited to feeding, playing, mating, 
resting, and traveling.

As stated by Smolker et al. (1992), the sex-
related differences in temporal individual pat-
terns (i.e., residency) may be part of the affiliation 
arrays observed between and within sexes; how-
ever, the significance of pair-wise associations 
observed for this community partially supports 
the latter. For instance, if social partnerships are 
dictated mainly by the temporal-spatial concur-
rence of individuals within a given area (i.e., simi-
lar patterns of site fidelity or residency), most of 
the observed association coefficients would not be 
different from those expected by chance (Connor 
et al., 2000). Moreover, since our inclusive defini-
tion of group may have somewhat overestimated 
the individual associations, the fact that slightly 
over one-half (53%) of these were stronger than 
expected by chance suggests the existence of 
underlying mechanisms driving partnership pref-
erences (Bräger et al., 1994; Connor et al., 2000). 
For instance, whereas 62% of mixed sex pairs and 
55% of F-F associations may have been chance 
encounters, most M-M associations (86%) were 
not. 

Considering that females were more resident, 
they were expected to be frequently found within 
the area and therefore to have higher rates of flee-
ing interactions with most of the other females 
given their dynamic social networks (Smolker 
et  al., 1992). This, however, was not a general 
rule; some females had no interaction whatso-
ever with other females, while others were strong 
associates with only a few female partners, thus 
showing long-term associations. The latter con-
stitutes the basis for what has been described 
as female bands, which may be composed of a 
wide mixture of individuals, where some may 
be genetically related (Wells et al., 1987; Möller 
et al., 2001; Quintana-Rizzo & Wells, 2001). F-F 
bonds in cetaceans have been thought to improve 
their protection against predators and male harass-
ment, and to increase their competitive success for 
resources over other females, while associations 
of individuals of similar age or reproductive state 
may help them in calving and nursing their young 
(Whitehead et al., 2000; Rogers et al., 2004). 
Conversely, males and putative males aggregated 
only in strongly associated dyads or trios (Figure 3) 
and seemed to resemble “first-order alliances” 
(sensu Connor et al., 2000, p. 111); however, the 
bonds among such small units also resemble “sec-
ond-order alliances” (sensu Connor et al., 2000, 
p. 111). Strong bonds between males have been 
reported in several locations (e.g., Sarasota Bay, 
Florida, by Wells et al., 1987; Guayaquil, Ecuador 
by Felix, 1997; San Luis Pass, Texas, by Maze-
Foley & Würsig, 2002; Bahamas by Parsons et al., 
2003; Cedar Keys by Quintana-Rizzo & Wells, 
2001; and Port Stephens, Australia, by Möller 
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et al., 2001). However, second-order alliances and 
male trios are less common (Smolker et al., 1992; 
Connor et al., 2000; Möller et al., 2001). It is not 
clear whether such potential male alliances within 
the Alvarado waters have the same role as those 
from Shark Bay, where individuals work together 
to herd, steal, and protect females for reproduc-
tive purposes, and to defend against predators 
and other male alliances (Smolker et al., 1992; 
Connor et al., 2000). In Sarasota Bay, Florida, 
male pairs may guard receptive females to restrict 
their access to other males, while improving 
prey acquisition and protection from predation 
and aggressions from other males (Owen et al., 
2002; Wells, 2003). Explanations for this behavior 
include improved fitness by means of kin selec-
tion (Krützen et al., 2003; Parsons et al., 2003), 
but such evidence is still controversial (Connor 
et al., 2000; Möller et al., 2001). 

The function or true nature of associations in 
this study was limited by the lack of detailed etho-
logical observations, which were prevented by 
extremely low underwater visibility (< 0.3 m) and 
some degree of evasive behavior (Morteo et al., 
2012b). Further information on group affiliations, 
genetic relatedness, and detailed behavioral obser-
vations of these and other individuals will help 
to unravel the social dynamics of this bottlenose 
dolphin community, providing insight into their 
mating system and establishing the mechanisms 
of gene flow driving its evolutionary change. This 
information may also be of relevance for the con-
servation and management of the species in this 
particular location, where the animals face anthro-
pogenic threats from artisanal fishing activities 
(Morteo, 2011; Morteo et al., 2012b). 
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