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Paternity patterns in a
long-term resident bottlenose
dolphin community

Debbie Duffield1* and Randall Wells2

1Department of Biology, Portland State University, Portland, OR, United States, 2Chicago Zoological
Society’s Sarasota Dolphin Research Program, c/o Mote Marine Laboratory, Sarasota, FL, United States

Genetic analyses, initiated in 1984, have played a major role in our understanding

of the structure and social relationships of the long-term resident community of

common bottlenose dolphins (Tursiops truncatus) in Sarasota Bay, Florida (SBDC).

One component of our ongoing study of the community’s social system involves

using blood samples from periodic catch-and-release sampling for life history and

health assessment studies, as well as skin from biopsy dart sampling studies and

strandings, to investigate paternity and mating strategies in this community. These

analyses, covering a span of four generations of calves, were originally based on

chromosomes and protein electrophoresis, but with the advent of microsatellite

DNA technology, the latter has become our analysis of choice. We have performed

paternity analyses on 204 known mother-calf pairs. For 151 of the calves (74%),

sires were identified within the SBDC, but for the remaining 26% of the calves all

sampled males associated with the community were excluded and it is likely that a

substantial contribution of paternity to the SBDC comes from outside the

community. Of the SBDC males, only 52 males of the more than 200 potential

sires were sires. The age of sires at time of conception of a calf ranged from 10 to

43 years, averaging 24 years old. These males have sired 1-7 calves during a

documented period of reproductive tenure of as much as 24 years (average = 21.4

years). Four males have sired 6-7 calves each, these males siring calves in the

community for more than 20 years. Another 19 males have each sired 3-5 calves

and the remaining 30males were identified as sires of 1-2 calves. Pairedmales sired

75% of the calves while 25% of the calves were sired by unpaired males. Females

with multiple offspring generally had multiple sires for these offspring. These

paternity analyses support the hypothesis that a major avenue of gene flow in

the SBDC is through the males given their greater ranges, with occasional

exchange via visits from males from other areas, as well as the occasional brief

movements of females from outside the community range into the community.
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Introduction

Being able to track the reproductive contribution of males is of

major importance for understanding population social structure and

defining mating systems. This involves being able to establish

paternity to evaluate male reproductive contribution, understand

social associations with other males and to investigate the

contribution of males to gene flow between populations.

Reproductive contribution and sex-related dispersal have been

important motivators for a number of field studies on bottlenose

dolphins with a wide global representation of populations, both

coastal and offshore. These include population studies from the

North Atlantic and U.S. waters (Wells et al., 1987; Duffield and

Wells, 1991; Hoelzel et al., 1998; Duffield andWells, 2002; Owen et al.,

2002; Parsons et al., 2003; Natoli et al., 2005; Sellas et al., 2005;

Quérouil et al., 2007; Rosel et al., 2009; Urian et al., 2009; Fernández

et al., 2011; Mirimin et al., 2011; Louis et al., 2014; Barragán-Barrera

et al., 2017) and Australia, Indo-Pacific and Melanesia (Connor et al.,

1992; Connor et al., 2000a; Connor et al., 2001; Krützen et al., 2003;

Möller and Beheregaray, 2004; Krützen et al., 2004a; Chabanne et al.,

2021). The longest-running field studies have been those in Sarasota

Bay on the west coast of Florida in the U.S. and in Shark Bay in

western Australia. The Sarasota Bay study on Tursiops truncatus

started in 1970 (Irvine and Wells, 1972; Scott et al., 1990; Wells, 1991)

and the Shark Bay study on Tursiops aduncus began in 1982 (Connor

and Smolker, 1985). Taken together, these two long-term studies on

the social structure of wild bottlenose dolphin populations allow us to

contrast male mating strategies and reproductive exchange in two

very discrete coastal areas. This paper details the reproductive

contribution of males and the mating system of bottlenose dolphins

in the Sarasota Bay Bottlenose Dolphin Community (SBDC). The

unique long-term nature of this dataset provides an unusual

opportunity to add to the understanding of the social structure of

this resident community.

Genetic work on the SBDC formally started in 1984 with our

initial objectives of defining population structure and investigating

paternity of the calves in this resident community. As of this

summary, we have sampled more than 474 dolphins and this has

provided us with nearly four decades of an unprecedented snapshot of

paternities in this community. It includes calves sired during 1979-

2017 and is an on-going study. The paternity assignments have been

possible because of the unique combination of years of observational

data on this community combined with catch-and-release and biopsy

dart sampling programs, as well as collaborations with the local

marine mammal stranding network members.

Over the decades we have used a diverse array of genetic tools for

the investigation of this community (Duffield and Wells, 1991;

Duffield and Wells , 2002), init ial ly using chromosome

heteromorphisms, protein electrophoresis, mtDNA and DNA

fingerprinting (Duffield and Wells, 1991), moving to DNA

microsatellites as that technique became available. Microsatellites,

because they represent specific genetic loci, were more powerful for

establishing individual genotypes that could then be used to

determine relationships and paternity. To-date, we have developed

DNA microsatellite profiles for the 474 bottlenose dolphins sampled

from the Sarasota Bay area. We have used the information gained

from these techniques to concentrate on observed patterns of

paternity in this community. This has allowed us to address a

number of questions regarding the mating system in this

community, such as the number of resident males contributing to

paternities, the ages of males at successful mating, the reproductive

tenure of individual males, the relative contributions of paired males

vs. unpaired males, and the possibility of gene flow with

neighboring communities.

Materials and methods

Field studies

The bottlenose dolphins of Sarasota Bay, Florida, and vicinity

have been studied since 1970, with new field and analytical techniques

being incorporated as they have become available (Scott et al., 1990;

Wells, 2009; Wells, 2020). Field efforts at the core of this paper have

occurred along much of the central west coast of Florida, but have

been focused in the region from southern Tampa Bay, southward to

Venice Inlet, and offshore in the Gulf of Mexico to within several

kilometers of the barrier island shorelines, defined as the home range

of the long-term resident Sarasota Bay bottlenose dolphin community

(Wells, 2014; Figure 1). “Community” is defined as a regional society

of animals sharing ranges and social associates, but exhibiting genetic

exchange with other social units (Wells et al., 1999). A community is

distinguished from the similar concept of a “population” by the fact

that the latter is typically defined as a closed reproductive unit.

Residency to the Sarasota community was assigned based on

consideration of ranging patterns, social association patterns, and

genetics (Wells et al., 1987; Sellas et al., 2005; Urian et al., 2009; Wells,

2014). Geographic and physiographic features help to define the

community range. More than 89% of the resident sightings

occurred inshore of the barrier island chain bounding Sarasota Bay

to the west and south, and south of an extensive shallow sandbank

that delineates Tampa Bay from Sarasota Bay (Wells, 2014). A year-

round resident community of about 100-170 individuals, resident

across decades, monitored across six generations, spanning as many

as five concurrent generations and including individuals up to 67

years of age, has been identified for Sarasota Bay (Wells, 2009; Wells,

2014; Wells, 2020).

Findings from supplemental research in surrounding waters to

the north in Tampa Bay (Urian et al., 2009), to the south in Charlotte

Harbor and Pine Island Sound (Bassos-Hull et al., 2013), and offshore

in the Gulf of Mexico (Sellas et al., 2005; Fazioli et al., 2006) provided

additional perspective. Samples for genetic analyses and associated

data have been obtained through a variety of techniques, including

photographic identification, catch-and-release, remote biopsy dart

sampling, and stranding response, as described below.

Photographic identification and
long-term monitoring

Selection of dolphins for genetic sampling was based in large part

on findings from individual identification from distinctive dorsal fin

markings (Wells, 2018). Identifications of individuals were confirmed

from rigorous standardized techniques for examination of high
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quality photographs (Rosel et al., 2011; Urian et al., 2015). Long-term

monitoring of dolphins in the Sarasota Bay area since 1970 has

included seasonal photographic identification surveys before 1992

and monthly surveys thereafter. The Sarasota Dolphin Research

Program (SDRP) began year-round operations from a base

established in Sarasota in 1992. Prior to 1992, surveys were

conducted by researchers traveling to Sarasota specifically for field

research sessions, typically during 2-4 months in the summer, and for

several weeks in winter and spring. The photo-identification surveys

involve teams of researchers in small (~7m long) boats photographing

all dolphins encountered over survey routes through the entire study

area (Wells, 2009). Sighting records are maintained in a Microsoft

Access database, FinBase (Adams et al., 2006), designed to facilitate

data entry and analyses, expedite matching and cataloging processes,

and reduce errors associated with manual image final management.

The SDRP FinBase contains more than 55,000 dolphin groups

documented since 1970, involving more than 5,600 identifiable

individuals from the west coast of Florida, and including more than

168,000 identifications. Some individuals have been documented

more than 1,500 times over more than four decades. Relationships

between mothers and calves were identified from repeated

observations of close association, and confirmed when possible

from genetic analyses.

Catch-and-release

Catch-and-release provided one of three opportunities for

collection of samples for genetic analyses. Small groups of dolphins

were encircled by a fast boat operated by a local commercial

fisherman, deploying a 500-m-long by 4-m-deep seine net in

shallow waters, typically less than 2 m deep (Loughlin et al., 2010).

Individual dolphins were restrained by trained handlers under

veterinary supervision, and moved to a specially designed veterinary

examination vessel. One-by-one, dolphins were brought aboard the

vessel, weighed, and placed on a shaded and padded deck, where they

were examined and sampled (Wells et al., 2004; Barratclough et al.,

2019). Blood for genetic analyses was drawn from the fluke

FIGURE 1

Study area of the Sarasota Dolphin Research Program along the west coast of Florida. The home range of the Sarasota Bay dolphin community extends
southward from southern Tampa Bay to Venice Inlet. Other dolphin communities live in adjoining waters.
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vasculature, and kept cool until it arrived at Portland State University

for analysis (Duffield and Wells, 1991; Duffield and Wells, 2002).

Upon completion of examination, sampling, and other tests, each

individual was released on-site.

Biopsy dart sampling

A second option for collection of samples for genetic analyses

involved remote biopsy dart sampling. The body region below the

dorsal fin, from several cms cranial to the anterior insertion to several

cms caudal to the posterior insertion, was targeted for this sampling.

Small samples of skin/blubber were obtained from a small boat

paralleling a selected dolphin, and deploying a sampling dart from

a specially designed rifle or a crossbow (Sellas et al., 2005). The

sampling head at the end of the dart obtains a 10-mm-diameter

sample, with a depth of about 15-20 mm. Skin samples were stored in

DMSO and shipped to Portland State University for analyses.

Stranding response

A third opportunity for genetic sample collection comes from

stranding response. About one third of the long-term resident

dolphins that disappear from Sarasota Bay are eventually recovered

as a carcass, typically by Mote Marine Laboratory’s Stranding

Investigations Program (Wells et al., 2015). Samples for genetic

analyses are obtained during necropsies as possible. Sampled tissues

varied depending on carcass condition.

Age determination

An individual’s age is an important consideration for paternity

assignments. Most of the dolphins of the Sarasota Bay dolphin

community are of known age because they have been observed

since their birth to a well-known resident mother. The ages of other

dolphins are known from examination of growth layer groups in teeth

extracted under local anesthesia during catch-and-release health

assessments, and from stranded carcasses (Hohn et al., 1989). For

the few remaining individuals for which ages are not known, they

have been estimated as minimums based on the date of the earliest

sighting record.

Genetic analyses

Evaluation of paternity was based on known mother-calf

relationships as determined by the long-term observational work

available for the Sarasota Bay bottlenose dolphin community. All

known Sarasota Bay community males sampled up to the time of a

paternity evaluation were included in each analysis. By 2019, this

included 240 resident males; their DNA profiles were run against all

mother-calf pairs. Overall, only 6.85% of the 482 identifiable dolphins

considered to be residents of the SBDC at some point during 1993-

2019 were of unknown sex and potentially >10 yrs old, providing an

upper bound of no more than 33 unsampled potential resident sires.

This does not include unidentifiable dolphins, which make up about

4% of those seen on any given dolphin survey, and which tend to be

smaller, likely immature dolphins that had yet to acquire distinctive

markings (Wells, 2014).

The initial techniques used for paternity were chromosome

heteromorphism analysis, protein electrophoresis, mtDNA analysis

and DNA fingerprinting (Duffield and Wells, 1991). These were used

in concert to exclude males from paternity for a particular calf or to

exclude all but a single male included as sire by more than one type of

analysis. By 2005, DNA microsatellite analysis was the method of

choice for paternity determination. Several of the microsatellite loci

we used in this study have also been used in other studies of bottenose

dolphin populations, especially the studies in Shark Bay (Krützen

et al., 2001; Krützen et al., 2004b). Microsatellite profiles for the

dolphins sampled from the Sarasota Bay community were established

by analysis of eight microsatellite loci: EV37, EV14, and EV1

(Valsecchi and Amos, 1996); MK5, MK6, MK8 (Krützen et al.,

2001); and KWM2a, KWM12a (Hoelzel et al., 1998). Fragment

analysis was performed on an ABI 3100 or 3770 automated

sequencer (Applied Biosystems, Foster City, CA). Amplification

reactions used pure Taq™ Ready-To-Go™ PCR beads (Amersham

Biosciences, Piscataway, NJ), and followed protocols provided by

Valsecchi and Amos (1996). Sizing of allele fragments was done in the

earlier years with Genescan analysis 2.1.1 (Applied Biosystems) and

more recently with GeneMapper v 4.1 (Applied Biosystems,

Waltham, MA). Alleles were scored by hand and recorded in an

Excel database. Individual microsatellite profiles were used to evaluate

relationships and paternities. Linkage disequilbrium was not observed

for these loci and there was no evidence of null alleles (Owen et al.

unpublished data). Size ranges and the number of allele sizes (based

on ABI 3100 allele sizing) for each of the eight microsatellite loci are

given in Table 1. The average number of alleles/loci was 11.12 (range:

7-25).

Features of Sarasota Bay bottlenose dolphin
sires

We examined adult male ages, morphometrics and social

association patterns from the long-term datasets of the SDRP to try

to identify features that might distinguish breeding from non-

breeding males (Wells, 2009). Sighting records from photographic

identification survey data provided information on the timing of

births to long-term resident females, and on social association

patterns. Age data were obtained from observations from the year

of birth, or from examination of growth layer groups in teeth (Hohn

et al., 1989), with adult males classified as those at least 10 years old.

Morphometric data (mass and total length) were obtained from

catch-and-release sessions designed to collect life history and/or

health data (Wells et al., 2004).

The ages, sizes and social behavior of adult dolphins around the

estimated time of conception were examined for cases in which only a

single sire was identified from genetic analyses, and when a relatively

narrow period of female receptivity/conception could be identified.

The estimated time of conception was back-calculated from the

estimated birth date of a calf, when no more than 30 days passed

from the last observation of a mother alone and her first observation
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with a new calf. In total, 60 cases of births met these criteria. The mid-

point of this time span was assigned as the estimated birth date. Based

on the typical gestation period of bottlenose dolphins (O’Brien and

Robeck, 2012), the estimated mid-point of the period of receptivity/

conception was calculated as occurring 12.5 months earlier. All adult

males seen with the female during a 30-day period centered on the

estimated conception date were considered for social association

analyses. Historical social associations were measured as half-weight

coefficients of association between the female and each associated

male (COA; Cairns and Schwager, 1987; Wells et al., 1987), as

obtained through queries of FinBase. Each COA was calculated

over the entire period from the first sighting record of the female

through the estimated conception date, including hundreds of

sighting records for most females. Within the 30-day period

centered on the estimated conception date, adult male associations

were also measured by the number of sightings with the female and

the span of days over which these sightings occurred. Morphometric

data were included when they were available from catch-and-release

sessions within a span of one year before to one year after the

estimated conception year.

Statistical comparisons of sires vs. non-sires involved 2-tailed t-

tests, with equal variances for mass, length, and age, and Mann-

Whitney U tests were used for COAs, with statistical significance

assigned when p < 0.05.

Results

Paternity

Of the more than 450 mother-calf pairs in the Sarasota Bay

dolphin community identified to date (see Wells et al., in prep.), we

have evaluated 204 calves from known dams. For 151 of these calves

(74%), sires were identified within the community and for the

remaining 53 calves (26%), all sampled males associated with the

community were excluded. Of the calves with sires identified in the

TABLE 1 Size range and number of alleles of the various microsatellite loci in the Sarasota Bay Dolphin Community.

Microsatellite locus Number of alleles Allele Size range

EV37 16 199–245

EV14 11 144–168

EV1 25 140–220

MK5 7 210–224

MK6 8 142–174

MK8 9 91–111

KWM2a 6 139–151

KWM12a 7 161–179

TABLE 2 Reproductive history for the males assigned to specific calves.

Sire ID Yr. of Calf Conception # Calves Sired Reprod Tenure (yrs) Siring Age Range Age Sire Died or Disappeared

FB28 1979, 1997, 1998, 1999, 2003 5 24 14–38 d 2015

FB48 1979, 1980(2), 1991(2), 1995, 1999 7 20 20–40 ns 2009

FB74 1979, 1983, 1984, 1988 4 9 28–37 d 1990

F154 1981 1 1 18 ns 2015

FB60
1981, 1983(2), 1985, 1991, 1994,

1995 7 14 21–35 ns 1996

FB96 1982, 1987 2 5 24–29 d 2001

FB26 1984, 1987, 2000 3 16 27–43 ns 2001

FB36 1985, 2004, 2009(2) 4 24 13–37 d 2011

F112 1987, 1990 2 3 36–39 d 1995

FB38 1987, 1994, 1995, 1999 4 12 13–25 d 1999

FB62 1987, 1988, 1989 3 2 14–16 ns 1997

FB34 1990 1 1 15 ns 1995

FB98 1991 1 1 38 d 1995

FB06 1994, 2002, 2003, 2006 4 12 10–22 d 2006

(Continued)
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TABLE 2 Continued

Sire ID Yr. of Calf Conception # Calves Sired Reprod Tenure (yrs) Siring Age Range Age Sire Died or Disappeared

F162 1995, 2008 2 13 14–27 ns 2016

FB10 1995, 1998, 2003, 2004, 2006, 2008 6 13 14–27 ns 2016

FB14 1991, 1995 2 4 18–22 ns 2007

FB76 1995, 2001(2), 2002 4 7 18–25 ns 2005

FB94 1995 1 1 25 ns 2004

F192 1997 1 1 30 d 2002

F174 1997 1 1 33 ns 2006

FB32 1997 1 1 17 ns 2002

FB46 1997, 1998, 2001(3) 5 4 19–23 ns 2003

F106 1998, 1999, 2004 3 6 17–23 ns 2007

F200 1998, 1999 2 2 >10, >11 ns 2004

F108 1994, 2006 2 12 16–28 d 2015

F110 2001, 2007, 2009, 2011, 2012 5 11 17–28 ns 2015

FB78 2003 1 1 31 d 2015

F194 2005, 2010 2 5 31–36 ns 2013

F148 2012 1 1 16 d 2017

F142 2006, 2009, 2016 3 10 14–24 d 2020

F138 2007, 2013, 2015(2), 2106, 2017 6 10 15–25

FB44 2008, 2011 2 3 35–38 d 2018

F102 2009 1 1 29 d 2021

F128 2009, 2011, 2015, 2017 4 8 17–25

BB229 2009 1 1 >21 d 2019

F114 2010 1 1 22

F196 2010, 2011, 2017 3 7 12–19

F242 2010, 2014(2), 2015 4 5 20–25

F254 2010, 2012, 2016 3 6 21–27 d 2020

F146 2011, 2015, 2016 3 5 15–20

F126 2012 1 1 >24 ns 2019

F148 2012 1 1 16 d 2017

F176 2012 1 1 19

F178 2012, 2014, 2015(2) 4 3 17–20

F268 2012, 2019 2 7 19–26

BB219 2012 1 1 >23

BB233,
BB052 2012 1 1 >19

F188 2014(2) 2 1 18 d 2022

FB20 2015 1 1 26

F164 2015, 2016(2) 3 2 26–27

BB231 2016 1 1 >25

Sire identification and the years in which they sired one or more calves (based upon the year of conception) are indicated, ordered from the earliest documented paternity. The total number of calves
sired, the span of years of reproductive tenure, the age range of each male represented by these calves and the year of known death (d) or when no longer seen in the community (ns) are also given.
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community, 133 calves (88%) had a single sire assignment with all

other sampled males excluded. The remaining 18 calves had two to

three possible sires in the Sarasota Bay community, and these were

excluded from further analyses.

There have been 52 males identified as sires out of more than 200

males in the community (Table 2). Two males as young as 12-13 yrs

of age sired calves and the youngest male was 10 yrs. Data on testis

sizes from ultrasonic measurements during catch-and-release health

assessments, along with testosterone concentrations in blood, were

obtained for seven males sampled within one year of their first

documented siring event. Testis length ranged from 22 to 33 cm,

with diameters from 5.7 to 8.3 cm, and testosterone ranged from 24.6

to 72.5 ng/ml (Wells et al. in prep.). These males ranged in total body

length from 262 to 277 cm. On average, males were 263.5 cm (+14.9

cm sd, n = 26) long by the time they sired calves, and the shortest sire

was 218 cm at 15 yrs of age (Wells et al. in prep.). The oldest male to

sire a calf was 43 yrs of age before he was not seen again in the

community, but the next oldest male sired a calf at 40 and was

observed in the community for another 10 years after siring the last of

7 documented calves.

The number of years (observed reproductive tenure) over which an

individual male was documented to sire calves ranged up to 24 years

(Table 2), with a mean of 10.7 years, but with a median of 3 years.

Looking at males that sired more than one calf, the average number of

years over which a given male sired calves was 9.1 years (2-24) and the

median reproductive tenure was 7 years. Three males have sired a

minimum of 7 calves each, over an observed reproductive tenure of

13-20 years and with age ranges at the time of conception from 14-43 yrs.

Another 19 males have sired 3-6 calves each, spanning 3-24 years, with

the remaining 30 identified as sire of 1-2 calves. Overall, 37% of the 52

males have sired only one calf over the time period of this study, 19%

sired two calves, 15% sired 3 calves, 15% sired 4 calves, 6% sired 5 calves,

4% sired 6 calves and 4% sired 7 calves. Generally, males sired calves from

their mid-teens into their mid-forties and the average age at which males

sired calves was 21.4 years (10-43) and median age was 25 yrs. The

average age at conception for males that only sired one calf in the 38 years

of recorded paternities was 23.4 years old (15-38); 6 of these were in their

teens, 9 were 22-38 yrs. Most of the calves born to a given female were

sired by different males. There were instances where a given female had

two calves by a givenmale (2 of 2 calves, 2 of four calves, 2 of 5 calves, 2 of

TABLE 3 Reproductive contribution of individual males in the Sarasota Bay community by decade.

1979-1989 1990-1999 2000-2009 2010-2018

FB26 (2) FB06(1) FB06(3) FB20(1)

FB28 (1) FB10(2) FB10(5) FB44(1)

FB36 (1) FB14(1) FB26(1) F110(2)

FB38 (1) FB28(3) FB28(1) F114(1)

FB48 (3) FB32(1) FB36(4) F126(1)

FB60 (4) FB34(1) FB44(1) F128(3)

FB62 (4) FB38(3) FB46(3) F138(5)

FB74 (4) FB46(2) FB76 (3) F142(1)

FB96 (2) FB48(4) FB78(1) F146(3)

F112 (1) FB60(3) F102(1) F148(1)

F154 (1) FB76(1) F106(2) F164(3)

FB94(1) F108(1) F176(1)

FB98(1) F110(3) F178(4)

F106(1) F128(1) F188(2)

F112(1) F138(1) F194(1)

F162(1) F142(2) F196(2)

F192(1) F162(1) F242(4)

F200(2) F194(1) F254(3)

BB229(1) F268(2)

BB219(1)

BB231(1)

BB233(1)

The identity of the male (freeze-brand or biopsy number) is given and the number of calves sired in that decade is indicated in parentheses. Following a given male across the decades gives reproductive
tenure. For example, FB28 (bold) sired calves across three decades.
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7 calves) and one case in which 3 of 6 calves were assigned to the

same male.

Patterns of reproductive tenure

Across the four decades of this study, a large percentage of the calves

were sired by a limited number of males (Table 3). For example, during

1979-1989, 15 of the 24 calves (63%) were sired by just 4 males. During

1990-1999, 13 of 32 calves (41%) were sired by 4 males. During 2000-

2009, 21 of 35 calves (60%) were sired by 6 males, while during 2010-

2018, 25 of 45 calves (56%) were sired by 7 males.

The specificmales siring calves changed over the decades and a variety

of siring patterns were seen in this sampling of calves. Some males were

identified as sires for only a year or two, others had longer reproductive

tenures. For example, one male, FB28, sired calves across three decades

(1979-2003). Three males, FB06, FB10 and FB60, sired calves over two

decades until their death or disappearance (Table 2). However, some

males, suchasFB48andFB28wereobserved in thecommunity foranother

ten to 12 years after their last known siring events. FB26 and FB36 sired

calves in Sarasota Bay in the 1980’s and then not again until the 2000’s.

Similar patterns were seen through the last 2 decades (2000-2018): F162

(1995-2008), F110 (2001-2012), F128 (2009-2017), F138 (2007-2017) and

F142(2006-2016) siredcalvesacross twodecades.F162wasobserved in the

community until 2016, althoughhis last documented calfwas conceived in

2008. For calves sired from 2010-2018, 16 males not previously identified

as sires were sires of 1-4 calves. The average age at conception of the first

calffor thesemaleswas19yrs (range12->24), similar to theage rangeof the

previously identified sires. Although it is possible that previous calves of

these males have not yet been sampled (e.g., calves sired outside of

Sarasota), given the comprehensive sampling of the calves especially in

the most recent decades it seems more likely that this represents the

movementof thesemales into the ranksofcurrentlyactive sires.Continued

evaluation of calves in this community will help to explore this further.

The age of males at conception of their last documented calf was

particularly interesting. While some males were identified as sires up

to their death, for others there were many years between the last

known calf and the death or disappearance of the male. This could

reflect the fact that we have not been able to obtain samples from all

the calves, however, the observation that there are several males that

have >10 years following their last known Sarasota Bay calf suggests

that this may be a real pattern. The oldest male known to sire a calf

was 43 yrs of age at conception – the oldest male at disappearance and

presumed death was 52 yrs of age. The only calf recorded for one

male, FB78, was sired when he was 31 yrs old but he was sighted in the

community for another 12 years before he died. However, he also

suffered from severe scoliosis throughout his life, and his dorsal fin

was mutilated from a boat propeller strike at age 11. Looking at males

(N= 18) with five or more years past their last identified calf, the

average age of the males at their last identified calf was 27.1 yrs (15-40

yrs) and at death or disappearance was 36.9 yrs (21-52 yrs).

Male pairs

Adult males often live in strongly bonded pairs (e.g., Wells et al.,

1987; Owen et al., 2002). Over the course of our study, knowledge of

the sex and age composition of the Sarasota community has

increased, such that by the early 1990s most of the adult males

were known. Owen et al. (2002) reported that on average, for the years

1994-2000, 67% of adult males were seen with sufficient frequency to

allow them to be assigned status as paired or unpaired. Of these, 57%

were paired, on average, during any given year, although the numbers

of paired vs. unpaired adult males during years prior to 1994 and for

sires from outside of the Sarasota area cannot be determined. Male

pairs generally persisted for decades, however, males could form new

pair associations, be unpaired or go between being paired one year

and unpaired another. We looked at the paired/unpaired status of the

sires at the time of conception of a calf to evaluate the effect of pairing

on reproductive success in the SBDC.

We had paired vs. unpaired male paternity data for 130 calves; 97

calves (74.6%) were sired by Sarasota Bay males that were paired at

the time of conception, 33 (25.4%) were sired by unpaired males.

With respect to the pairs of males that sired these 97 calves, for twelve

of these pairs, both males sired calves throughout the span of their

reproductive tenure, which could be as long as 15-16 years, and these

pairs were responsible for 59 of the calves. For nine of the pairs, the

two males were together for the entire time that we scored calves from

them, producing from 2 calves (1 to each male) to 7 calves to the pair.

Calves were either conceived in the same year or to one or the other of

the males over a period of up to 15 years. For many of the pairs there

were spaces between calves of up to 7 years, possibly a reflection of

their being in another part of their range or that they had sired calves

that we have not yet been able to test. There were instances where a

given male had subsequent partners over time. For example, FB10 was

paired with FB46 together siring 8 calves during 1995-2003. FB46 was

not seen after 2003. FB10 then partnered with FB36 and together they

sired 6 calves during 2004-2009. FB36 had been paired with FB38 and

together they had sired 5 calves during 1985-1999, until FB38 died.

There were also cases where paired males had also sired calves when

unpaired (single). There were 13 additional pairs in which only one of

the males sired calves, ranging from 1-5 calves for a total of 38 calves.

Some of these pairs had been observed together for 15 years and some

of these males also sired calves when not paired.

Fifteen males were unpaired when they conceived a calf. Single

males sired from 1 to 6 calves each. Ten of these males also sired

calves when paired, but there were examples where all the calves they

sired were conceived when the males were unpaired: for example, two

unpaired males sired 6 calves each over 10-14 years. Five males sired 3

calves each while unpaired, and were subsequently observed in pair

associations where they sired additional calves.

Features of Sarasota Bay bottlenose dolphin
sires

Presumed receptive females were typically seen with a variety of

adult males during their estimated period of conception – no single or

paired males monopolized females during this period. Only 40.4% of

sires vs. non-sires were with the mothers over a longer span of time

during the estimated conception period, 36.8% of sires were seen with

the mothers more frequently than non-sires.

On average, sires and non-sires were not significantly different in total

body length (Table 4), but 61.3% of sires were significantly heavier than
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non-sires (n = 31 pair-wise comparisons). Overall, 51.0% of sires were

older than non-sires (n = 192 pair-wise comparisons) and on average,

sires were significantly older than non-sires (Table 4). Overall COAs

between adult males and adult females tended to be low, and a female’s

lifetime associations with sires and non-sires were not significantly

different (Table 4). On average, individual males within pairs were

remarkably closely matched for age, length, mass, and COA with

the females.

Discussion

Paternity in the Sarasota Bay
dolphin community

The age, sex and genetic relationships are known for >90% of the

SBDC (Wells, 2003). The ability to make single sire assignments in the

SBDC has been possible due in part to the allelic diversity seen in the

microsatellites, especially in EV37, EV14 and EV1 (Table 1). Even

more importantly, this has been possible because of the existence of

detailed information on nearly every individual in the resident

community, including known mother-calf relationships, as well as

birth and death years, allowing us to narrow paternal assignments.

With the synergism between the genetic data and long-term

behavioral and life history data, we have assigned single paternities

of males in the SBDC to 133 calves, with an additional 18 calves for

which two to three males could have been sires. Bearing in mind that

there are a limited number of Sarasota residents for which sex is not

yet confirmed, the majority of successful sires were 20-43 yrs old at

conception of their calves (Table 2), although some males in their

early teens sired calves. There were 30+ year-old males that sired only

one calf in the Sarasota Bay community during this 38-year record of

paternity. There were also males that sired multiple calves relatively

consistently until they died, as well as males that sired a number of

calves, but were still observed in the community for a number of years

after their last documented calf. Sires and dams for all the assigned

calves were unrelated and the calves born to a given female were most

often sired by different males.

During 2010-2018, a large number of males not previously

identified as sires sired calves, more than was normally seen as new

sires across the earlier decades. They sired from 1-4 calves in this

interval, along with males previously identified to have sired calves in

previous decades (Table 2). The reason for this change is not clear, but

since we were able to examine a similar proportion of the calves born

in each of these years, it does not seem to be related to having

identified more calf-sire pairs. Possible explanations may include the

death of older sires, older sires becoming reproductively senescent or

unable to compete with the younger sires, or an inability of the oldest

sires to reproduce based on life-time accumulation of environmental

contaminants such as PCBs that can interfere with reproduction

(Wells et al., 2005). The increase in new sires may also be related to

the observed decline and leveling off of environmental contaminants

such as PCBs in Sarasota Bay dolphins (Kucklick et al., 2022) with

concomitant changes in the age structure of the males of the SBDC

showing males to live longer.

Given that in our sampling of paternity in the Sarasota Bay

community for the 204 calves that we have analyzed to-date

paternity was assigned to only 52 of the 200 males in the

community, it is apparent that not all adult males were siring

calves, so we looked at characteristics of the males that would

correlate with their breeding success (Table 4). Age appeared to

be a feature characterizing breeding males. In spite of the fact that

females can still produce calves at 48 years of age, and very few

males live to that age (Wells, 2000; Lacy et al., 2021), 77% of sires

were older than the mothers, on average exceeding their age by 5.1

years (+ 10.89 yrs, sd, n = 57). Body condition, in the form of mass,

also appeared to be a factor, as successful sires were significantly

heavier than non-sires. In addition, familiarity with the female may

play a role in the determination of breeding status for males since

COA’s were higher for successful sires. These observations would

support the hypothesis that in the mating system in this community,

some form of male-to-male competition and male dominance is

operating. Therefore, the presence of older males remaining in the

community for some years after siring calves may also be indicative

of a change in their dominance, while other males continued to sire

calves throughout their lifetime.

TABLE 4 Comparisons of features of known sires and non-sire adult male associates of presumed receptive females during the month surrounding their
estimated date of conception.

Feature Mean SD n Min Max p

Sire Age at Conception (yrs) 24.2 7.40 60 10 40

Non-Sire Age (yrs) 21.7 7.34 224 10 44 0.024

Sire Length (cm) 264.0 10.83 87 247 283

Non-Sire Length (cm) 261.3 12.27 98 210 281 0.111

Sire Mass (kg) 247.5 25.80 75 195 285

Non-Sire Mass (kg) 231.7 35.04 89 118 302 0.001

Sire COA with Mom 0.050 0.039 59 0.000 0.165

Non-Sire COA with Mom 0.039 0.030 234 0.000 0.156 0.065

Values for p are from t-tests (2-tailed, equal variance) and are given for each of the age, length and mass comparisons. Mann-Whitney U tests were used for COAs.
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Mating system

Wells et al. (1987) hypothesized a promiscuous mating system for

the Sarasota community based on the brevity of male-female

associations, low level of paternal investment, large testes, high

concentration of sperm in ejaculate (possibly reflecting sperm

competition) and scarring from agonistic conspecific interactions.

Certainly, in the SBDC, both males and females mate with multiple

partners during a breeding season and our observations support

dominance among males in the SBDC mating system. However,

there is also a possibility for female choice. Cryptic female choice

was identified in the late 1990’s (Eberhard 1985, Birkhead and Meller,

1998) and has been related to mechanisms as varied as morphology

and behavior. With respect to cetaceans, it has been suggested that

one of the functions of the complex system of folds that comprise the

female “pseudocervix” in cetaceans could be related to post-

copulatory sexual selection (Orbach et al., 2017) making it possible

for female choice to contribute to breeding success by controlling

semen deposition. Observations from a bottlenose dolphin breeding

program where multiple copulations with multiple males were seen

for a number of females, but paternity was consistently assigned to a

single male (Duffield pers obs.) offer support for the possibility of a

role for female choice. In the SBDC, where a number of males are

known to consort with a female at the time of estrus and both

members of a male pair are offered opportunities for mating, the

possibility of female choice is supported both by the increased

familiarity of the successful sires and by the observation that for

some of the male pairs consistently only one of the males was

successful over a number of calves. Whether this is achieved by

behavioral mechanisms or by the mechanical manipulation of the

pseudocervix is unknown, but would be an interesting avenue for

further research. Promiscuity has also been proposed for the

IndoPacific bottlenose dolphin population in Shark Bay where

females were also observed consorting with a number of males

(Connor et al., 1996), similar to the SBDC.

Male pairs and alliances

A large repertoire of mating strategies has been reported for male

bottlenose dolphins, ranging from single roving males to pairs and

occasional trios as in the SBDC (Wells et al., 1987; Wells, 2000) to the

complex alliances seen in Tursiops aduncus in Shark Bay (Connor

et al., 2000b; Connor et al., 2001; Krützen et al., 2003; Connor and

Krützen, 2015; Connor et al., 2017). Of the calves sired by SBDC,

74.6% were conceived by males that were paired at the time of

conception of the calf and 24.4% were conceived by unpaired

males. For the paired males where both sired calves throughout the

period of reproductive tenure, some of the calves were sired in the

same year, others were spread throughout the period of reproductive

tenure for the pair. There were examples of the members of the pair

staying together over the 15 years during which they sired calves.

There were also examples of males that lost a partner to death or

disappearance who then formed another alliance in which they sired

calves. But there were also males that sired calves as singles, including

males that seemed to be between pair alliances and males that were

never seen to have paired. It was apparent that, although the unpaired

male strategy was less common, the males while unpaired also had

extended reproductive tenures and sired multiple calves. This

contrasts with the nature of the male-male bonds observed in the

long-term study of Indopacific bottlenose dolphins in Shark Bay,

Australia (Möller et al., 2001; Connor and Krützen, 2015) where not

only are there strong associations (first-order alliances) between pairs

and trios of males that can last up to 20 yrs (Connor et al., 1992;

Connor et al., 2000b; Krützen et al., 2003), but these groups also form

second-order alliances and labile super-alliances with other groups of

males (Connor et al., 1999; Connor et al., 2011; Connor and Krützen,

2015). Possibly the muted sexual dimorphism of T. aduncus makes it

necessary for males to work together in larger associations for access

to, and control of, the females than seen in the SBDC, where both

paired and single males successfully sire calves.

In addition, in the SBDC pairs are not kin (Wells et al., 1987;

Duffield and Wells, 2002, this chapter), while in the Shark Bay

population kinship may be a factor in long-term pair alliances

(Krützen et al., 2003; Parsons et al., 2003). Observations of

bottlenose dolphins under human care have shown that both males

in a pair may copulate with a particular receptive female (McBride,

1940; Tayler and Saayman, 1972), so males may not be able to know if

they are the sire of a particular calf. In the absence of an individual

male’s ability to assess its own reproductive success, the overall

greater reproductive success of males in pairs as compared to alone

would drive a continued tendency toward pair formation, even in the

absence of kinship.

Movement between communities

The SBDC is one of a mosaic of adjacent communities along

Florida’s central west coast (Irvine and Wells, 1972; Wells et al., 1980;

Irvine et al., 1981; Wells, 1986; Wells et al., 1987; Sellas et al., 2005;

Fazioli et al., 2006; Urian et al., 2009; Bassos-Hull et al., 2013) and

although these communities have discrete home ranges built around

resident females, their calves and associates, low rates of immigration

and emigration have been documented. Males in particular seem to

move between these communities and to have larger home ranges

than the females based on patterns of social affiliation and long-term

site fidelity (Urian et al., 2009). Male pairs have larger ranging areas

and core areas than unpaired males (Owen et al., 2002) and an adult

male from Sarasota was observed escorting a known estrous female of

a neighboring area (Wells, 1991). Of the 52 males known to be part of

the SBDC and exclusively assigned as sires for 1 to 7 calves, 16 were

themselves known to have been born to females in the SBDC.

However, the rest were not previously identified as calves during

the more than 50 years of this long-term study. Many of the males

that sired several calves did so relatively consistently throughout their

time of reproductive tenure (Table 2). For other males, both paired

and unpaired, there were periods ranging from 5 to 13 years between

siring events. The gaps in siring calves may represent times when

Sarasota Bay males moved between communities as previously

shown. Movements of males from nearby resident communities,

possibly extending to males from Gulf populations moving past the

coastal areas, may also account for the 26% of the calves for which all

the sampled Sarasota resident males had been excluded from

paternity. It would be reasonable to think that SBDC males moving
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between local communities could explain the gaps in reproductive

tenure seen with the Sarasota Bay males. Although “unknown sires”

were expected in the early years of the study before more of the males

had been sampled, calves with unknown sires have consistently been

found throughout the decades of this study and we still see the

exclusion of all known males sampled in the Sarasota Bay community

for a number of the current calves. These observations strongly

support that these communities are not closed demographic units

that would meet the definition of populations, but are neighboring

local communities with genetic exchange across their observed

geographic boundaries (Wells, 1986; Duffield and Wells, 1991).

A variety of dispersal patterns exist among different bottlenose

dolphin species or populations, possibly related at least in part to

their use of different habitats (Natoli et al., 2005). For example,

Shark Bay males disperse more than females (Krützen et al., 2004a),

although still showing locational philopatry (Tsai and Mann, 2012),

supporting potential male-mediated gene flow between resident and

presumably transient groups. Sellas et al. (2005) compared four

resident inshore bottlenose dolphin stocks (including the SBDC)

and Gulf of Mexico coastal dolphins. They demonstrated significant

philopatry and population differentiation, but that the individuals

within each group were not highly related. This also suggests that,

despite the philopatry and differentiation, there may be some level of

genetic exchange among these populations, although whether via

the males or females was not investigated. Population studies

provide differing evidence of female philopatry and male-mediated

dispersal in bottlenose dolphins. Rosel et al. (2009) and Louis et al.

(2014), looking at populations along the Northwest and Northeast

Atlantic coasts, saw significant differentiation among coastal

populations, with little or no evidence of significant sex-biased

dispersal. In contrast, fine-scale studies of genetic structure of

bottlenose dolphins around the Iberian Peninsula (Fernández

et al., 2011) provided no evidence of sex-biased dispersal, but did

see evidence of gene flow between resident and immediately

neighboring populations. There were high levels of gene flow

between oceanic and coastal populations in Azores-Madeira and

Portugal (Quérouil et al., 2007), although no evidence was found for

sex-biased dispersal. In other areas, a wider dispersal of males than

females was noted with females being more philopatric (Möller and

Beheregaray, 2004; Krützen et al., 2004a). On the other hand, in the

Eastern Mediterranean Sea it was found that the gene flow was

mediated through females (Gaspari et al., 2015).

Given that rates of permanent immigration and emigration are

low in SBDC, gene flow is largely meditated through temporary

movements of males and/or females into and out of the community

range. Our observation and paternity work in Sarasota Bay suggests

that gene flow in the SBDC is largely through the males given their

greater ranges and their overlap with neighboring communities, while

the females are more philopatric. However, there are also possibilities

for exchange via visits from males from other areas, as well as the

occasional brief movements of females among communities. The

patterns of gene flow we have described would seem to provide

the localized communities with a level of resilience in the event of a

localized unusual mortality event or other environmental catastrophe.

Continued monitoring and sampling of this community and those in

surrounding waters will help to illuminate the social structures of

these complex societies, and mechanisms that may impact

their conservation.

Conclusion

Studies that have been on-going since 1970 allowed a multi-

decade synthesis of extensive genetic and observational data to

establish the patterns of paternity in the Sarasota Bay Dolphin

Community (SBDC). Based on 204 known mother-calf pairs, we

made the following observations:

* Only 52 of the 200 known males in the SBDC have sired calves,

indicating that a large percentage of the calves were sired by a

limited number of males.

* The average age at which males sired calves was 21 years, but

males of ages 10-43 years have sired calves.

* Four males have sired 6-7 calves each, one of these males siring

calves in the community for more than 20 years. Another 19

males have each sired 3-5 calves and the remaining 30 males

were identified as sires of 1-2 calves.

* A number of older males were still present in the community

for more than 10 years after their last identified calf.

* Both males known to be in strongly bonded pairs and males

that were unpaired sired calves: 74.6% of the calves were sired

by paired males, but 25.4% of the calves were sired by males

that were single and not paired when they sired the calf.

* Successful sires were on average older than the mothers and

significantly heavier than non-sires and had greater prior

familiarity with the females.

* A promiscuous mating system is characteristic of the SBDC,

with suggestions both of male dominance and the possibility

of cryptic female choice.

* Sires were identified within the community for 152 of the calves

(74%), but for the remaining 26% of the calves, all sampled

males associated with the community were excluded. It seems

likely that a contribution of paternity to the Sarasota Bay

Dolphin Community comes from outside that community

and that there is reproductive exchange among bottlenose

dolphin communities.
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