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Abstract

In this study, I describe the seasonality of reproduction in bottlenose dolphins
by examining data from stranded animals, photographic surveys and focal follows. I
examined inter-birth intervals from focal follows of known female dolphins. I found
bottlenose dolphins that frequent the coastal waters of North Carolina to be
comprised of at least two populations; one with a primarily spring birthing peak and
a presumed second (or second and third) with two smaller birthing peaks in the fall
and winter. These animals are reproducing at 2-3 year inter-birth intervals, which are
shorter than bottlenose dolphin inter-birth intervals in the Moray Firth, Scotland,
Shark Bay, Australia, or Sarasota Bay, FL. A decrease in reproductive intervals can
indicate a density-dependent response to an anthropogenic disturbance or a natural
change. Association patterns between and among these known females revealed
relationships that have persisted for more than a decade. Most association patterns of
the female dolphins in this area are long-term casual acquaintances which are evident
in the fission-fusion grouping pattern, and individuals are not highly gregarious.
Females appear to associate with most other females in the local area and do not form
bands, as defined by researchers in Sarasota, FL (Wells et al. 1987). However, females
do exhibit preferred associates, with whom they associate, regardless of reproductive

state. Associations of females with young of the year were slightly stronger than
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associations between females with different aged calves, except for preferred
associates. Future work will include genetic research on some of these known
females, and continued study of the life and reproductive histories of these known

females and their offspring.
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Introduction

Along the eastern coast of the United States, North Carolina stands out as a
fascinating location to study the reproductive and social biology of bottlenose dolphins.
North Carolina is the northern limit of year-round occurrence of this species in the
northwestern Atlantic. The waters here hold several stocks of bottlenose dolphins, some
of which mix seasonally. Dolphins in this region prey on fish species that are targeted by
commercial fisheries. Finally, bottlenose dolphins in North Carolina have experienced
several historical reductions in abundance.

The first major reduction in abundance was caused by a “fishery” for bottlenose
dolphins at Cape Hatteras, Ocracoke, and Fort Macon, beginning in 1797. The main
product from this beach seine fishery was oil, rendered from dolphin blubber, as well as
oil from mandibular fat, which was a particularly high-quality, fine instrument
lubricant. During the peak of the fishery, the skin was used as leather for shoes and
carcass remains were used as fertilizer. The fishery continued until 1860, when it
stopped temporarily for the Civil War, then resumed in 1883 and continued until 1929.
The number of dolphins killed varied from 400-500 per year to approximately 2000
animals per year during the peak years of 1885-1890 (Mead 1975; Mitchell 1975).

The second, more recent event was an epizootic in 1987-1988 that may have

depleted the population by as much as 40-50%. During these years, a ten-fold increase in

1



the rate of strandings was reported when compared with the three previous years (Scott
et al. 1988; McLellan et al. 2002). The strandings began in Virginia, moved north to New
Jersey in the summer and then back south to Florida during the following winter
(McLellan et al. 2002). The cause of this epizootic was later attributed to Morbillivirus
(Duignan et al. 1996). The latitudinal and temporal pattern of strandings led to the
hypothesis of a single coastal migratory stock that moved seasonally north and south
along the eastern seaboard of the U.S. (Scott et al. 1988). As described below, more
recent investigations of these animals have shown that a more complex structure exists
(McLellan et al. 2002).

The demography of the animals affected by this 1987-1988 epizootic was
investigated using a sample (n=153) of animals stranded in Virginia Beach, Virginia. It
appears that the mortality event did not affect any age or sex class disproportionately,
other than an expected higher mortality rate among calves (Mead et al. 1988). It is likely
that the demographic effects of this epizootic are still being experienced by dolphin
populations in North Carolina today.

A third, more recent source of mortality for these animals is by-catch in coastal
fisheries. Bottlenose dolphins are taken in gillnets, seines, long-lines, shrimp trawls and

crab pots (Read 1994; Wang et al. 1994; Friedlaender et al. 2001; Wade 1998; Waring et al.



2006). Fishery related mortality of bottlenose dolphins was estimated to be 233 (CV=0.16)
during 1996-2000 in the mid-Atlantic coastal gillnet fishery (Waring et al. 2006).
Anthropogenic effects on prey populations, such as fishery removals, may also
affect the demography of dolphins in North Carolina. The feeding ecology of bottlenose
dolphins is related to habitat type, according to examination of stomach contents of
stranded animals that died in the estuary or the ocean (Gannon and Waples 2004).
Estuarine animals prey primarily on Atlantic croaker (Micropogonias undulatus) 51%, and
spot (Leistomus xanthurus) 26%, and coastal animals prey primarily on Atlantic croaker
(23%), weakfish (Cynoscion regalis) 22%, spot (16%), striped anchovy (Anchoa
hepsetus)14%, and squid (Loligo spp.) 14% (Gannon and Waples 2004). Many of these
species support important commercial fisheries in coastal waters (NC Fisheries 2007).
The only predators that regularly threaten North Carolina bottlenose dolphins
are sharks. Several species of large sharks frequent North Carolina coastal waters
throughout the year, and bull sharks (Carcharhinus leucas), a known predator of
bottlenose dolphins, are known to occur in estuarine waters (Schwartz 1959; Castro
1993). Nineteen percent of bottlenose dolphins captured and released during a health
assessment project near Beaufort, NC exhibited scars from shark attacks (Hansen and

Wells 1996).



The stock structure of bottlenose dolphins along the Atlantic seaboard is
currently being resolved by several methods. A consortium of collaborating researchers
from New Jersey to Florida are contributing bottlenose dolphin photographs and data to
the Mid-Atlantic Bottlenose Dolphin Catalog (MABDC) (Urian et al. 1999). Systematic
comparisons of these images are providing detailed information on the movements and
residency patterns of dolphins in many areas (Gubbins et al. 2003). The National Marine
Fisheries Service (NMFS) is conducting research using methods including genetics,
stable isotope analysis, and telemetry. Taken together, this research suggests that at least
three stocks of coastal bottlenose dolphins are found in the waters off North Carolina;
current management practices are predicated on this hypothesis (Waring et al. 2006)
(Figure 1). The most northern stock, the Northern Migratory Management Unit, occurs
off the coasts of New Jersey, Delaware, Maryland and Virginia in the summer months
(May through October) and moves south to northern North Carolina during winter
months (November through April). The second stock, the Northern North Carolina
Management Unit, ranges from Virginia to Cape Lookout North Carolina year-round
and mixes with the Northern Migratory Management Unit during winter. The third
stock, the Southern North Carolina Management Unit, occurs from Cape Lookout south
to South Carolina year-round and also mixes with the Northern Migratory Management

Unit in the winter months. To help understand movements of these coastal animals, the



NMES conducted five health assessment capture operations in the Beaufort, North
Carolina during 1995-2006, resulting in the marking of eighty-one dolphins.

To date, studies of bottlenose dolphins along the mid-Atlantic coast have focused
on the movement patterns, strandings, abundance, feeding ecology, fisheries
interactions and distribution of bottlenose dolphins (Barco et al. 1999; Read et al. 2003;
Gubbins et al. 2003; McFee et al. 2006; Friedlaender et al. 2001; McLellan et al. 2002;
Gannon and Waples 2004). To date no research has focused on the life history or
demography of these dolphins.

Much of our knowledge of bottlenose dolphin life history parameters and social
behavior comes from three long-term studies: Sarasota Bay, Florida (Wells et al. 1987;
Wells and Scott 2002; Wells 2003); Shark Bay, Australia (Connor et al. 2000; Mann et al.
2000); and the Moray Firth, Scotland (Wilson et al. 1999; Grellier 2000).

Inter-population comparisons of the life history, demography and social
structure of a species may shed light on the constraints (limits), geographical patterns
and variation of these important biological attributes. In Sarasota Bay, FL, for example,
most bottlenose dolphin births occur during late spring to early summer, with a smaller
early fall peak (Wells et al. 1987; Wells and Scott 1999; Urian et al. 1996). In Shark Bay,
Australia, births are moderately seasonal, occurring primarily between October and

December (Mann et al. 2000). In the Moray Firth, calving occurs in the summer months,



between July and September (Wilson et al. 1997; Grellier 2000). Part of the reason for this
variation may be attributed to differences in latitude. Urian et al. (1996) found that
captive dolphins retained the seasonality of their natal environments.

Age of sexual maturity for female bottlenose dolphins from Sarasota Bay, Florida
ranges from five to ten years (Wells et al. 1987). In Shark Bay, Australia, female age at
tirst birth ranges from 12 to 15 years (Mann et al. 2000). Recent genetic evidence has
shown that Indo-Pacific bottlenose dolphins (Tursiops aduncus) in Shark Bay, Australia,
are more closely related to pelagic Stenella and Delphinus species than to Tursiops
truncatus (LeDuc et al. 1999). Therefore, comparisons between Shark Bay dolphins and
North Carolina dolphins should be viewed with caution. In the Moray Firth, Scotland,
age of sexual maturity for females is not known.

Inter-birth intervals are three to six years (mean=5.4 years) years for Sarasota Bay
female bottlenose dolphins (Wells and Scott 1999). In Shark Bay, bottlenose dolphin
inter-birth intervals are more commonly four to six years (Connor et al. 1996, Mann and
Smuts 1999; Mann et al. 2000). Grellier (2000) found that association indices remained
high between bottlenose dolphin mothers and calves during the first eight years of the
calves’ lives in the Moray Firth, Scotland, indicating that inter-birth intervals were at

least eight years.



Most of the information about social structure in bottlenose dolphins comes from
the thirty-year study in Sarasota Bay, Florida. In Sarasota, dependent calves typically
stay with their mothers for three to six years, leaving when their mother gives birth to a
subsequent calf (Wells et al. 1987; Owen 2001). The newly independent calves join
juvenile groups of mixed sex and remain in those groups for several years until reaching
sexual maturity. At that time, sexually mature females associate more frequently with
other mature females, and sexually mature males form bonds with one or occasionally
two other mature male dolphins (Wells et al. 1987). Female associations appear to be
determined by both reproductive status and shared home ranges in Sarasota Bay (Wells
2003). Females associate with a group of other females, referred to as a “band”, with
whom they associate more than with other females from other areas (Wells et al. 1987).
These band members may be related but close associations are based more on similar
reproductive status than on kinship (Wells 2003).

The social structure of bottlenose dolphins in Shark Bay, Australia is similar to
that of Sarasota. Similar bonds among females are common (Connor et al. 2000) and
females in both locations have a large number of occasional associates (Wells et al. 1987;

Smolker et al. 1992).



Approach

The goal of my dissertation was to describe reproductive parameters and social
structure in female bottlenose dolphins in coastal North Carolina. My objectives were to:
1) determine if seasonality of reproduction exists for North Carolina bottlenose
dolphins, 2) describe reproductive parameters, including inter-birth intervals, fecundity
and mortality rates and ages and, 3) describe association patterns among females and
determine if the strength of associations is positively correlated with similar
reproductive state.

North Carolina bottlenose dolphins experienced a focused removal for
approximately 100 years. Fifty years later, these animals were subject to an epizootic that
decreased bottlenose dolphin numbers by 40-50%. North Carolina represents a
geographic boundary for three stocks, and the northern most area of year-round
occurrence along the east coast of the United States. Yet, until now, basic life history
parameters and analysis of the social structure have not been investigated for bottlenose
dolphins in this area. My work serves to estimate parameter values that will inform
management decisions and help to more effectively monitor the population status of
these animals. In addition, results from my work may be used as a baseline from which
to examine future changes in the demography and social behavior of these animals as

pressure increases from human development and the use of coastal ecosystems.
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Figure 1: National Marine Fisheries Service (NMFS) Bottlenose Dolphin Take
Reduction Team (BDTRT) Management Units of coastal bottlenose dolphins. The
BDTRT defined summer as May-October and winter as November-April.



Chapter 1. Reproductive seasonality of bottlenose
dolphins
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Introduction

Many mammal species exhibit seasonality in reproduction (Bronson 1998). Distal
factors, such as seasonal variation in food, precipitation, temperature, predation
pressure, and proximate factors, such as changes in day length, interact in a complex
manner to determine the timing of reproduction. For example, the reproductive cycles of
baleen whales are tightly synchronized with their migratory patterns. These patterns of
reproduction and migration are likely driven by ultimate factors such as seasonal
variation in the availability of food at high latitudes (Evans 1987). Proximate factors act
as cues to trigger events in mammalian reproductive cycles (Bronson 1998). For instance,
changes in day length may stimulate humpback whales (Megaptera novaeangliae) to move
toward the equator to breed (Dawbin 1966) and the implantation of blastocysts in
pinnipeds (Temte 1991).

Seasonal reproduction is pronounced in many odontocetes, such as sperm
whales (Physeter macrocephalus) (Best et al. 1984; Whitehead and Mann 2000), (Whitehead
and Mann 2000) harbor porpoises (Phocoena phocoena) (Read and Hohn 1995), and many
delphinids (Perrin and Reilly 1984). Distinct birth peaks are less obvious in tropical
odontocetes (Perrin et al. 1976; Whitehead and Mann 2000), although Barlow (1984) was

able to discern modes in the parturition of tropical spotted (Stenella attenuata) and
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spinner dolphins (Stenella longirostris). Reproductive timing may also vary among
populations within a species. For example, Urian et al. (1996) found that populations of
bottlenose dolphins from North America and Europe exhibited distinct seasonality of
reproduction and that captive animals from these populations maintained the
seasonality of their natal environments.

During a Morbillivirus epizootic in 1987 and 1988, large numbers of bottlenose
dolphins stranded along the mid-Atlantic coast of the United States and the U.S.
National Marine Fisheries Service listed these dolphins as a single depleted population
under the Marine Mammal Protection Act (58 CFR 17789, 6 April 1993) (Geraci 1989).
Management actions designed to address incidental takes of bottlenose dolphins in
fishing gear (Wang et al. 1994) have prompted the National Marine Fisheries Service to
re-examine the population structure of bottlenose dolphins along the eastern seaboard of
the United States (Hohn 1997). The picture emerging from this recent analysis is one of a
complex of populations, some resident and others migratory, along the Atlantic coast
from Florida to New Jersey. This view has evolved from analyses of strandings (Mead
and Potter 1990; Fernandez and Hohn 1998; McLellan et al. 2002) and sightings (Urian et
al. 1996). An understanding of reproductive seasonality may help to clarify the stock
structure of bottlenose dolphins in North Carolina. Here I examine the seasonality of

reproduction in the bottlenose dolphin from the Atlantic coast of North Carolina. I
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analyze data supplied by the North Carolina marine mammal stranding network, photo-
identification efforts (Barco et al. 1999; Urian et al. 1999; Wang et al. 1994), and

information from live captures (Hansen and Wells 1996).

Methods

Strandings

I analyzed data collected from stranded dolphins along the coast of North
Carolina from 1992-1999. I defined neonates as those individuals having at least three of
five of the following characteristics (Dearolf et al. 2000): rostral hairs (Connor et al. 2000;
McBride and Kritzler 1951); floppy dorsal fin (Mead and Potter 1990; McBride and
Kritzler 1951); floppy tail flukes (McBride and Kritzler 1951); floppy or folded peduncle,
and a partially healed umbilicus (Cockcroft and Ross 1990). Additional characters such
as unerupted teeth, caudal blowhole dent, fetal folds or fetal lines (Mann and Smuts
1999), and tongue papillae were noted, although we did not use these as defining
characteristics. Only neonates in condition codes 2 or 3, where 1=alive, 2=freshly dead,
3=moderately decomposed, 4=severely decomposed, and 5= skeletal remains (Geraci and
Lounsbury 1993) were considered. Total body length, date of stranding, location,
condition code, sex, and date of data collection were noted for all stranded animals. I

took straight-line measurements from the tip of the rostrum to the fluke notch to
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determine the length of each carcass. Experienced personnel from the University of
North Carolina at Wilmington, Duke Marine Laboratory, or the Beaufort National Ocean
Services and National Marine Fisheries Laboratory examined animals. For this study, I
defined non-neonates as all dolphins equal to or greater than 125 cm in length (see

below).

Sightings

I used eight years (1992-1999) of data from photo-identification surveys in the
Beaufort, North Carolina area (Figure 1.1). I employed small (4 to 12 m) boats in sea
states of Beaufort 3 or less. When dolphins were sighted, I estimated school size, then
approached the school and continued on a course parallel to the dolphins” apparent
course to obtain photographs. Schools were defined as aggregations of animals engaged
in similar behavior within 100 m of one another (Wells et al. 1987; Connor et al. 1998). I
recorded date, location, school size and composition, environmental conditions,
behavior and whether any individuals displayed neonatal features. I surveyed in both
estuarine and coastal ocean waters. Estuarine waters were defined as those inside barrier
islands. Coastal waters were defined as those outside barrier islands. I surveyed within
100 m of shore.

Dolphin dorsal fins were photographed using standard photo-identification

techniques (Wiirsig and Wiirsig 1977; Wiirsig and Jefferson 1990) using cameras with
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100 to 400 mm lenses. Both black and white print film (ISO 400) and color slide film (ISO
64) were used. Images were labeled and catalogued according to fin features such as
nicks, notches, and scars.

Features for identifying neonates in the field included body size less than half the
size of the proximate adult (Cockcroft and Ross 1990), dark color (Cockcroft and Ross
1990), floppy dorsal fin (Mead and Potter 1990), extreme buoyancy (Cockcroft and Ross
1990), rostrum-first surfacing, and echelon swimming position (Mann and Smuts 1999). 1
used a minimum of three of the above features to score the animal as a neonate. I noted
the presence of fetal lines (Mann and Smuts 1999), but did not use these as a defining
feature. I could not score infant position, as defined by Mann and Smuts (1999), due to
lack of water clarity. Non-neonates were defined as all dolphins that did not exhibit the

above neonatal characters.

Estimates of birth dates

I estimated dates of birth to known females from field sightings. In this study,
animals were identified as recently parturient females only when photographed with a
calf in echelon position (Mann and Smuts 1999) on three or more days. Estimated birth
dates were calculated as the midpoint between the last sighting of a known female

without young and the first sighting with a neonate within a 31-day period (Wells et al.
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1987; Urian et al. 1996). Some individuals were sighted with a neonate after not being
sighted for more than 31 days. Estimates derived from these sightings were considered

rough birth dates.

Water temperature

Water temperatures have been collected weekly at the NOS/NMEFS laboratory
docks in Beaufort for the last three decades'. The temperature probe is at 1.5 m depth
which varies with tides. For this study, I averaged the weekly temperatures from 1992-
1999 to derive mean monthly temperatures and correlated these data with estimated

births.

Analysis

I analyzed stranding and sighting data for neonates and non-neonates using
circular statistics (Batschelet 1981; Zar 1984). I used circular statistics rather than the
Kolmogorv/Smirnov (K/S) test because seasons are circular and analysis using a
standard K/S test could introduce bias, depending on which month is chosen as the
beginning of the distribution (Barlow 1984). Specifically, I used a variation of the K/S
non-parametric test for goodness of fit based on cumulative distributions, the Kuiper’s

test (Batschelet 1981). I compared each category separately (stranded neonates, stranded

! Personal communication from William Hettler and Peter Crumley, NOS/NMES Beaufort Laboratory,
March 2002.
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non-neonates, sighted neonates, sighted non-neonates) to a uniform distribution and to a
Von Mises circular normal distribution, using the one-sample Kuiper’s test. I then
compared neonates to non-neonates for strandings and sightings using a two-sample

Kuiper’s test.

Results

Strandings

I documented 19 stranded neonates plus one near-term fetus that exhibited at
least three of five of the neonatal features described above. These 20 animals ranged in
size from 95-124 cm, with a mean of 108.2 cm (SD £7.3 cm). I then examined the seasonal
distribution of strandings of these neonates, plus an additional 49 calves that ranged in
size from 96-122 cm with a mean of 108.6cm (SD + 5.9cm), but for which the presence of
neonatal features had not been assessed by experienced personnel using the same
criteria that I used for the 20 that were examined. I believed these 49 to be neonates,
according to the size of the animals and the notes on the data sheets, but I could not
have the same confidence in these as in the 20 animals (above) because I did not
personally examine them. I found a strong peak of stranded neonates in the spring

(April - May), and low levels of neonatal strandings in the fall (October-November) and
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winter (January-February) (Figure 1.2). The distribution of neonatal strandings was
significantly different from a uniform distribution (P <0.001, K = 3.8), and from a
circular normal Von Mises distribution (P < 0.05, K = 22.2). Strandings of 223 other
dolphins occurred most frequently during the spring, fall and winter, and less

frequently from June through August (Figure 1.3).

Sightings

I found a unimodal distribution of sightings of 282 neonates with a diffuse peak
extending from the late spring into the fall (Figure 1.4). The temporal distribution of
sightings of neonates departed significantly from a uniform distribution (P < 0.001, K =
5.1), and from a Von Mises circular normal distribution (P < 0.05, K=1.9). The
distribution of sightings of 324 non-neonate dolphins was not uniform (P <0.001, K =
2.4) (Figure 1.5.), and exhibited a weak peak in the fall. The degree of concentration of
sightings was not great enough to allow estimation of Kappa (Batschelet 1981). Hence, I
could not fit a Von Mises circular normal distribution to the data. The temporal

distribution of sightings of neonates was significantly different from that of other

dolphins (P <0.05, K =17074.8).
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Estimated birth dates of young to known females

I was able to estimate birth dates for 10 neonates from eight female dolphins (two
females gave birth more than once). Six births occurred in late spring (May) and four
occurred in early summer (June) (Figures 1.6., 1.7.). The mean date for the estimated
births was May 27 (+ 11.8 days). I estimated one other birth for which the interval
between the last sighting without a calf and the first sighting with a neonate was more
than 31 days. This female gave birth in the fall. The animal was captured on July 20
(Hansen and Wells 1996) and was pregnant at the time, and then was seen on November
23 with a young of the year. The estimated date of birth of this calf was September 21+.

The distribution of non-neonates was significantly different (P < 0.05, K=3.6) from
a uniform distribution, and from a circular normal Von Mises distribution (P <0.001, K =
2.3). The seasonal distribution of neonate strandings was significantly different from that
of non-neonates (P < 0.05, K = 4.8). Spatial distribution of strandings by season is

provided in Figures 1.8a, 1.8b, 1.8¢c, and 1.8d.

Water temperature

Water temperatures collected in the estuary at the NOS/NMFS Beaufort

laboratory docks were highest in July, followed by August and September (Figure 1.7).

19



Mean water temperatures throughout the year ranged from a low in February of 9.25° C

to a high in July of 34.9° C (Fig. 1.7).

Discussion

Based on statewide stranding records, bottlenose dolphins in North Carolina
exhibit a strong birth peak in the spring; low levels of neonatal strandings were
observed at other times (Figure 1.2.). Sightings data indicate a diffuse peak from late
spring to early fall, and births to known female dolphins occurred during May and June.
Some of this variation may be due to the existence of multiple populations in NC with
different reproductive schedules. For example, the fall and winter neonates observed in
strandings may reflect the existence of populations that are present for different periods
along the beaches of NC (Figures. 1.8a.-1.8d.). In addition, strandings were collected
most often on ocean beaches, whereas most sightings of neonates were observed in
estuarine areas. Further information on the population structure of dolphins in this area
is required before I can fully address these sources of variation.

Estimates of reproductive seasonality derived from strandings data could be
biased toward an earlier date if the strandings include prenatal mortality. In my
samples, neonate strandings (April- May) preceded neonate sightings (May- September).
Urian et al. (1996) used similar methods to examine reproductive seasonality in this
species and defined stranded neonates as animals that were 100-120 cm in length. In
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their study in Sarasota, Florida, the mean date of estimated birth from stranding data
was 16 days earlier than that estimated from sighting data. Fernandez and Hohn (1998)
found most neonate strandings in Texas occurred from February through June, with a
smaller number occurring in November and December. These authors stated that
stranded neonates may not reflect true reproductive seasonality, because they may
represent individuals that suffered mortality because they were born outside the peak
birth season.

Sightings of neonates occurred most frequently during summer (Figure 1.4.).
This peak is diffuse, and likely reflects the fact that our criteria for identifying neonates
in the field were not conservative, as young dolphins might have been classified as
neonates for periods of a month or more. Inclusion of older animals would broaden the
apparent peak of neonate sightings, and result in a positively biased estimate of mean
birth date. It is more difficult to recognize neonatal features in the field than in stranded
specimens, and it is easy to miss newborns in the field (Caughley and Caughley 1974;
Fernandez and Hohn 1998). Some features, such as fetal lines, may last many months
(Cockcroft and Ross 1990), resulting in positively biased estimates of mean birth date. I
did not use the presence of fetal lines as an identifying neonatal feature for this reason.
Standard photo-identification techniques may not be precise enough to: (1) discern the

presence of newborns, (2) assign each newborn to its presumed mother and (3) allow
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enough time in the field to rule out the possibility of mistakenly identifying other
dolphin mothers as mothers of newborns. Grellier (2000) discussed some difficulties
encountered in assigning mothers to calves in the field and used association indices to
identify the closest associate of young calves. The assignment of newborns to presumed
mothers during longitudinal studies can help researchers track reproductive parameters
such as calf survival, inter-birth intervals, and reproductive seasonality.

Estimated births to known females occurred primarily during May and June.
One individual gave birth in the fall. Therefore, I believe a spring peak and a smaller
number of fall births may reflect the reproductive seasonality pattern of one of the
populations of dolphins that frequent North Carolina estuarine waters. This spring peak
may reflect a population of dolphins that is primarily estuarine in North Carolina during
the summer months, although these animals are occasionally photographed in the near-
shore ocean.

Seasonality of reproduction may reflect variation in food availability (Barros and
Odell 1990; Urian et al. 1996), water temperature (Wells et al. 1987), loss of a dependent
calf, duration of lactation (Barlow 1984), and presence of predators (Wells et al. 1987;
Mann and Smuts 1998). Newborns may also have increased survival if born when water
temperatures are warmer and when food supply is adequate for lactating mothers

(Wells et al. 1987; Connor et al. 2000), thus those born early may not survive. In Virginia,
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Barco et al. (1999) recorded sightings of dolphins only when water temperatures were
greater than 16° C. Although births in Sarasota tended to occur when water
temperatures exceeded 27° C (Wells et al. 1987), mean water temperatures in the
Beaufort study area range from 16.7 °C in April to 24.6° C in September, when I have
estimated birth dates to known dolphins (Figure 1.7.).

Whitehead and Mann (2000) postulated that newborn animals might have
greater chances of survival in warmer waters that are less likely to contain predators.
Wells et al. (1987) stated that the relatively low percentage of shark bite wounds on
calves and juvenile dolphins in Sarasota indicates that either the young are well
protected by their mothers or that the attacks are fatal. In North Carolina’s coastal
waters, sharks are most prevalent in the near shore ocean waters during the spring,
although bull sharks (Carcharhinus leucus) are known to frequent estuarine waters
(Castro 1993).

I believe the best method to determine reproductive seasonality in wild
populations of bottlenose dolphins is to estimate birth dates of known females by using
focal animal sampling methods (Whitehead and Mann 2000; Altmann 1974). Repeated
focal observations offer the most precision in estimating birth dates, if field methods are
rigorous enough to assign young to appropriate adult females. Even young calves spend

time with escorts, away from their mothers (Mann and Smuts 1998), so researchers
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should adjust their definitions of mothers to include several sightings of the suspected
females with neonates or young calves. Increasing the amount of time spent observing
suspected females should reduce the possibility of mistaking escorts for the actual
mothers.

Cockcroft and Ross (1990) described the longevity of some neonatal features in
captivity, but inherent difficulties in the field (murky water conditions, protective
behavior of females and their newborns) continue to hamper attempts to quantify
neonatal characters in areas where water clarity is poor. Although neonatal
characteristics have been described in wild bottlenose dolphins from Shark Bay (Mann
and Smuts 1999), the duration of these characteristics remains unclear for bottlenose
dolphins from the western Atlantic. Thus, the longevity of neonatal features observed in
wild populations remains unknown.

The analysis of several types of data to examine reproductive seasonality can also
highlight differences from varying methods. Discrepancies between sightings of
neonates during routine photo-identification studies and focal female studies eventually
may be used to quantify the longevity of neonatal features. Similarly, the comparison of
neonate stranding dates to dates of the first sightings of neonates born to known females
eventually may be used to quantify the relative survival of calves born at different times

of the year. Improved quantitative evaluation of neonatal characteristics will strengthen
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our understanding of reproductive seasonality in wild bottlenose dolphin populations
through the continued collaboration with stranding networks and the use of multiple

sources of data from strandings, surveys, and focal individual follows.
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Figure 1.1: Study area of Beaufort, NC and surrounding waters.
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Figure 1.2: Monthly distribution of neonate strandings (n=69). Light area represents
monthly distribution of neonates (95-124 cm) examined by experienced observers.
Darker area represents neonates within that size range (96-122 cm) scored as neonates
but not quantitatively evaluated by experienced observers. Area of each wedge is
proportional to the number of neonate dolphins that month.
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Figure 1.3: Monthly distribution of non-neonate strandings from 1992-1999
(n=223). Area of each wedge is proportional to the number of non-neonate dolphins
that month.



Oct —»

Apr

Jul

Figure 1.4: Monthly distribution of neonate sightings from 1992-1999 (n=282).
Area of each wedge is proportional to the number of neonate dolphins that month.
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Figure 1.5: Monthly distribution of non-neonate sightings from 1992-1999 (n=324).
Area of each wedge is proportional to the number of non-neonate dolphins that
month.
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Figure 1.6: Estimated birth dates of neonates born to known females, from
1992-1999 (n=10). Area of each wedge is proportional to the number of neonate
dolphins that month.
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Figure 1.7: Estimated births of bottlenose dolphins in NC from 1992-1999 and mean
monthly temperatures from 1992-1999.
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Figure 1.8: Figures showing locations of stranded neonates by season. a) Winter is
defined as Jan-Mar, b) Spring is defined as Apr-Jun, ¢) Summer is defined as Jul-Sep,
d) Fall is defined as Oct- Dec.
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Chapter 2. Reproductive parameters of female
bottlenose dolphins
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Introduction

Reproductive parameters comprise the foundation of life history information.
Knowledge of these parameters is essential for understanding how populations respond
to natural or anthropogenic fluctuations in their environment. By examining the life
history of bottlenose dolphins, I will gain an understanding of the similarities and
differences among species and how these reproductive traits vary. Finally, by exploring
life history parameters of these large, long-lived mammals, I may be able to more
effectively establish baseline conditions, and help ensure appropriate management of
their populations as marine resources face continued pressure from human
development and the increased use of coastal ecosystems.

Bottlenose dolphins along the U.S. Atlantic seaboard remain poorly understood.
Two ecotypes exist: a “coastal” near shore, estuarine form that mainly inhabits waters
less than 25m deep, and an “offshore”, pelagic form that is found mainly in waters 200m
and deeper (Kenney 1990; Mead and Potter 1995). These ecotypes overlap spatially
between 7.5 and 34 km from shore (Torres et al. 2005), yet are different physiologically,
morphologically, ecologically and genetically (Mead and Potter 1990; Hersh and
Dutffield 1990; Curry and Smith 1997; Walker et al. 1999). The research presented in this

chapter focuses on the reproductive patterns of the coastal ecotype.
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Interest in the population biology of coastal bottlenose dolphins peaked in 1987-
1988, when these dolphins experienced an epizootic event involving hundreds of
mortalities (Mead et al. 1988; NOAA/NMFS 2005; Scott et al. 1988; Waring et al. 2006).
Dolphin carcasses washed up on beaches from New Jersey to Florida following a
latitudinal trend that was believed to originate from the migratory patterns of a single
coastal migratory stock of bottlenose dolphins (Scott et al. 1988). In responding to this
die-off, researchers realized that few data relating to stock structure, basic life history or
behavioral parameters were available. Recent studies indicate that the single coastal
migratory stock hypothesis is incorrect (McLellan et al. 2002), and a minimum of seven
management stocks of coastal migratory dolphins are currently recognized along the US
Atlantic coast (Figure 2.1)(Waring et al. 2006). The true population structure of coastal
bottlenose dolphins in the western North Atlantic is probably even more complex than
the current NOAA hypothesis indicates. If another die-off were to occur, managers have
insufficient data to help evaluate recovery of this population.

The 1994 Amendments to the Marine Mammal Protection Act specity that
anthropogenic mortality cannot exceed a specified level, known as the Potential
Biological Removal, or PBR (Wade 1998). Information on life history parameters from

this study, when combined with data on age structure, may help to estimate recovery
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rates for one of these management units, the NMFS hypothesized southern North
Carolina management unit (Figure 2.1).

The ranging patterns of dolphins found in the Beaufort, NC area facilitate
collection of data on reproductive parameters. Collaboration among coastal researchers
allowed scientists to demonstrate that many of the bottlenose dolphins that are present
in waters around Beaufort, North Carolina during cooler months (November through
April) spend time in waters off Manteo, North Carolina and Virginia Beach, Virginia
during warmer months (May through October) (Urian et al. 1999). Similarly, bottlenose
dolphins that are present in waters surrounding Beaufort during warmer months move
south to waters off southern North Carolina during the months of November through
April. These animals are either resident animals with large home ranges, or migratory

animals that exhibit seasonal movements of 150 to 250 km.

Reproductive intervals

Among the reproductive parameters of greatest interest for evaluating the status
and recovery of populations of dolphins is the interval between reproductive events.
Reproductive intervals are defined as the time elapsed between successive births
(Eberhardt and Schneider 1994). Most mysticete inter-birth intervals range from two to
three years while odontocete intervals are more variable (Whitehead and Mann 2000). In

odontocetes inter-birth intervals generally increase with body size (Whitehead and
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Mann 2000). For example, harbor porpoises (Phocoena phocoena) exhibit one to two year
inter-birth intervals and sperm whales (Physeter macrocephalus) exhibit mean inter-birth
intervals of 5.8 years (Table 2.1).

The length of the inter-birth interval is dependent upon the lengths of gestation,
lactation, and resting period. The length of gestation is fixed within species, but lactation
and resting period may vary according to age of the female, sex of the calf, calf (or fetus)
survival, prey availability, or social factors.

Many older female odontocetes nurse their offspring longer than younger
females (Pianka and Parker 1975), perhaps because older females may not reproduce
again, and it is advantageous to invest in the current offspring rather than risk another
pregnancy, birth, and lactation period. For example, 50 year-old sperm whales lactate 42
months, while 10 year-old sperm whales lactate 20 months (Best et al. 1984). Killer
whales demonstrate an increase in calving intervals from the mean age of 15 years until
the mean age of 30 years, then remain stable until senescence begins at about age 40
(Olesiuk et al. 1990). Inter-birth intervals and length of lactation in long-finned pilot
whales (Globicephala melaena) increase with mother’s age (Boyd et al. 1999). Kasuya and
Marsh (1984) found the mean length of lactation in short-finned pilot whales

(Globicephala machrhynchus) increased from 1.8 years when females were 15 years to 3.2
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years at age 24 years. The rate of increase of the mean lactation length continued so that
when the female whales were 36 years old, the mean length of lactation was 9.4 years.

Duration of lactation may also be related to calf gender (Whitehead and Mann
2000). For example, in both short-finned pilot whales (Kasuya and Marsh 1984) and
sperm whales (Best et al. 1984) the oldest males of both species with milk in their
stomachs were 13 to 15, but the oldest females with milk in their stomachs were seven
years old. Researchers found an opposite pattern in Shark Bay, where bottlenose
dolphin females nurse daughters until age four years or older and wean male offspring
at age three (Whitehead and Mann 2000). Parameters such as age at sexual maturity,
inter-birth intervals or calf survival may be linked to longer nursing of female offspring,
and thus dolphins that wean their female offspring later may be enhancing their
reproductive success by ensuring that the calves have an increased chance of living long
enough to reproduce (Whitehead and Mann 2000).

Survival of calves has an obvious and direct influence on inter-birth intervals. If a
calf does not survive, the female may become pregnant again, resulting in a short inter-
birth interval. Calf mortality of killer whales (Orcinus orca) up to six months was
estimated to be 37-50% (Olesiuk et al. 1990). Mortality of short-finned pilot whales was
estimated to be 7% for female calves less than 6.5 years old, and 11% for male calves up

to nine years old (Kasuya and Marsh 1984).
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Reproductive intervals within species appear to be related to environmental
conditions, such as prey availability (Whitehead and Mann 2000). For instance, sperm
whale inter-birth intervals appear to be shorter in nutrient-rich, up-welled waters off the
west coast of South America than in other areas (Best et al. 1984).

Incidental kills during tuna purse-seine fishing operations may have caused
changes of inter-birth intervals of Pacific Ocean dolphins. Perrin et al. (1976) found that
inter-birth intervals of exploited spotted dolphins (Stenella attenuata) in the eastern
tropical Pacific were shorter (2.17 years) than birth intervals of the unexploited spotted
dolphins in the western Pacific (4.19 years) (Kasuya and Dawbin 1974). The shorter
inter-birth intervals may have been a result of a density dependent response of the
exploited eastern spotted dolphins relative to the per-capita prey availability (Fowler
1987). A similar pattern was found in exploited eastern spinner dolphins (Stenella
longirostris) when compared with spinner dolphins from the western Pacific (Perrin et al.
1977; Fowler 1987).

Social factors such as association patterns may influence inter-birth interval
length. In bottlenose dolphins, group size did not predict calf mortality (Mann and
Watson-Capps 2005), which was consistent with Mann’s earlier research that
demonstrated that group size does not predict reproductive success in Shark Bay

bottlenose dolphins (Mann et al. 2000). However, in Sarasota Bay, Florida, females that
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raise calves within larger and more stable groups have a significantly higher probability
of successfully raising their calves than females that do not belong to bands (Wells
1991a, 2003).

Birth rate is another important parameter for evaluating status and trends of
populations, and can be measured in several ways (Perrin and Reilly 1984). Crude birth
rate is calculated as the number of newborn calves divided by the total population. This
is a difficult parameter to measure accurately, as calving may be diffusely seasonal and
births may take place after the census, and the adult female’s mortality is not considered
(Perrin and Reilly 1984). Another type of birth rate, the Gross Annual Reproductive
Rate, "GARR’, is estimated as the proportion of the population that is female multiplied
by the proportion of sexually mature females and the annual pregnancy rate (APR). The
general difference between the two rates is yearly natural mortality. Crude birth rates
were reported as 0.12-0.16 for bottlenose dolphins world-wide (Leatherwood and
Reeves 1982; Perrin and Reilly 1984). Hansen (1990) estimated crude birth rates to be
0.07 for southern coastal California dolphins, and Wells and Scott (1990) calculated a
mean crude birth rate of 0.055 for Sarasota, FL dolphins.

A third measure of utility for evaluating population status and trends is
fecundity rate. Raw fecundity rates, defined as the number of births divided by the

number of years a female was mature, have not been estimated for bottlenose dolphins
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in the western north Atlantic. Adjusted fecundity rates, or the number of young of the
year surviving to one year of age, born to known mature females as a proportion of the
total population of known females, were calculated to be 0.15 in Sarasota, FL. (Wells and
Scott 1990). This rate has not been estimated for bottlenose dolphins in the western
north Atlantic.

In order to effectively estimate reproductive parameters for populations of long-
lived animals such as bottlenose dolphins, long-term data sets are needed. Bottlenose
dolphins in the estuarine and coastal waters of North Carolina have been continuously
studied through photo-identification efforts since 1985. The duration of this research
exceeds that for any other bottlenose dolphins along the mid-Atlantic coast. Basic
demographic information, such as minimum ages, may be used to compare with
dolphins that have been studied in neighboring areas (Barco et al. 1999; Gubbins 2002a)
and with longer-term studies in other parts of the world, such as Sarasota Bay, Florida;
Shark Bay, Australia; and the Moray Firth, Scotland (Wells and Scott 1990; Connor et al.
2000; Gubbins et al. 2003).

In this chapter, I examine reproductive patterns of coastal bottlenose dolphins
inhabiting the waters off North Carolina, using long-term data from North Carolina
Maritime Museum, and Duke University Marine Laboratory-University of North

Carolina Wilmington. My objective is to characterize reproductive rate parameters,
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including: a) inter-birth intervals, b) fecundity rates, c) birth rates, and d) minimum ages
of females based on information from 52 individually distinctive and identifiable female
dolphins observed repeatedly in the Beaufort, NC area. I did not examine the gross
birth rate for this study, as researchers do not know the size of the population. I did not
estimate the GARR either, as we have not estimated what proportion of the population

is comprised of sexually mature females.

Methods

Study area

The study area included the near shore (less than one km) coastal and estuarine
areas of North Carolina. The bays, sounds, estuaries and rivers of North Carolina
include the Pamlico and Albemarle Sounds, which form the second largest estuarine
system in the United States. Surveys were conducted opportunistically in the sounds
and estuaries, dredged channels and along the ocean side of barrier islands within one
kilometer of shore. Most of the effort was concentrated in the Beaufort, NC area (Figure
2. 2). Sightings from as far north as Manteo, NC and as far south as Wilmington, NC

were included in this study.
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Survey techniques

Small (4.5-7m) powerboats were used to survey the study area with crews
consisting of a minimum of two persons: a boat driver and field data recorder -
photographer. During each encounter with dolphins, location was recorded (by
comparing our track to navigation charts in the earlier years, and by GPS in later years)
and the total number of dolphins in the group was estimated. Environmental
parameters (water temperature, salinity, wind speed and direction) and Beaufort sea
state were recorded. The boat then approached the group of dolphins, and maintained a
parallel course and slow speed in order to obtain high quality photographs. Every
attempt was made to obtain good quality photographs of the dorsal fin of each dolphin
in the group using standard photo-identification techniques (Wiirsig and Jefferson 1990),
and SLR cameras with 300 mm lenses, power winders, data-backs with black and white
print film or color slide film. In recent years, a digital Canon EOS- 10D digital cameras
with Canon EF100-300mm lenses or Nikon D-100 digital cameras were used.

Photographs of dorsal fins were sorted according to standard protocols, using
nicks, notches, scars, or freeze brands (Wiirsig and Jefferson 1990). Freeze brands
consisting of three five-centimeter high numbers on the dorsal fin and body below the
dorsal fin were applied to dolphins handled during capture-release efforts occurring

occasionally since 1995 (Wiirsig and Jefferson 1990; Hansen and Wells 1996). Good
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quality images of distinctive fins were compared to photo-identification catalogs of
known individuals. Matches were verified by a second researcher experienced in photo-
identification. Photographic data from three research groups were used: the North
Carolina Maritime Museum, Duke University Marine Laboratory, and the University of
North Carolina Wilmington. Photographic field and lab methods were similar in all
three groups.

Neonates were defined as animals that had three of the six following
characteristics: 1) body size less than half of the proximate adult (Cockcroft and Ross
1990), 2) dark color (Cockcroft and Ross 1990), 3) floppy dorsal fin (Mead and Potter
1990), 4) extreme buoyancy (Cockcroft and Ross 1990), 5) rostrum-first surfacing, and 6)
echelon swimming position (Mann and Smuts 1999). The presence of fetal folds or fetal
lines (Mann and Smuts 1999) were noted but these were not used as a defining feature
for neonates, because these features last variable amounts of time (Mann and Smuts
1999; Haase and Schneider 2001).

Young of the year (YOYSs) were defined as animals that were offspring of known
females that were photographed previously that year with a neonate, or animals that
were less than approximately half the size of the proximate adult and exhibited
“normal” (similar to an adult) coloration and buoyancy (Quintana-Rizzo and Wells

2001).
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Calves were defined as animals up to seventy-five percent of the size of the
proximate adult, surfacing regularly with a particular adult assumed to be its mother
(Urian and Wells 1996).

Individually identifiable mature female dolphins that had been photographed
with a YOY or a calf on three separate days, or those individuals known to be female
from capture-release efforts were selected. In total, 52 animals met these criteria.
Sighting data on these females (n=52) from the NC Maritime Museum, the Duke
University Marine Laboratory-University of North Carolina Wilmington, and my data
(collected for this research) were combined.

In this study, the term “community” was used as defined by Wells et al. (1987) as
a group of individuals that share large portions of their ranges and interact with each
other more than with other members in adjacent waters. Schools and groups were
defined as aggregations of animals engaged in similar behavior within 100 m of one
another (Wells et al. 1987; Connor et al. 1998). If an individual dolphin was sighted more

than once in a day only the first sighting of that animal was used for analysis.

Survey effort

Data from surveys I conducted were combined with data from surveys
conducted by the North Carolina Maritime Museum and those conducted by Duke

University Marine Laboratory-University of North Carolina Wilmington. Before 1996,
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my survey effort was combined with the North Carolina Maritime Museum, but my
survey effort was separate from 1996-2004.

Sample sizes vary by analysis according to quality and availability of the data.
For example, data from 1993-2004 were used to estimate inter-birth intervals, data from
1995-2004 were used to estimate raw and adjusted fecundity rates, and data from 1985 to

2004 were used to estimate minimum ages.

Reproductive parameters

An inter-birth interval was calculated by counting the number of years between
when a female dolphin was photographed with a YOY and the subsequent year she was
sighted with a new YOY. If a female was not sighted for more than one year between
sightings of YOYs, the interval with the missing data point was not included in the
analysis. If a known female was not sighted during a single year, inter-birth intervals
allowing for one missed year were calculated.

Calf survival after the calf leaves the mother is difficult to determine if the calves
are unmarked, as most are in the Beaufort study area. Exceptions occur when a female
and her calf are captured and marked, or if a calf does gain a mark, scar or notch on the
dorsal fin before separation from the mother, which is also rare. I assumed that a calf did

not survive if the presumed mother gave birth less than two years apart, since this is the
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minimum inter-birth interval known for Tursiops (Wells and Scott 2002; Tavolga and
Essapian 1957; McBride and Kritzler 1951).

Caughley (1977) defined fecundity rates as the mean number of live births a
female produces over an interval of age. I estimated two types of fecundity rates in this
study: raw fecundity rate and adjusted fecundity rate (Table 2. 2). The first parameter,
raw fecundity rate, does not consider calf mortality. To calculate raw fecundity rates for
each female, I started with the first year the female dolphin was photographed with a
YOY or calf (to establish sexual maturity), then divided the number of years the female
was photographed with a YOY by the total number of consecutive years the female was
photographed. I examined sections of years when I had not photographed the female for
any one of those years in a series of consecutive years. If it did not appear possible that
the female may have given birth on a missed year (i.e., the female was photographed
with a YOY or older calf in the previous or subsequent year), I calculated fecundity rates
with the missed year. I also calculated the fecundity rate without including any missed
years and compared means from the two methods using a t-test.

The second parameter, adjusted fecundity rate, takes into account mortality of
the offspring. Following methods by Wells and Scott (1990), I calculated: the number of
calves born (b), and the number of mature females (f) observed in any particular

calendar year. The fecundity rate was calculated by dividing number of calves surviving
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to one year (b1) by the number of mature females that year (f): bi/f. Survival of the YOY
to one year was determined by examining sighting records of females with YOYs and
determining whether or not they were accompanied by a yearling in the following year.
I estimated minimum ages as of 2004 for female dolphins in this study from
1985-2004 by adding five years to the first year the dolphin was photographed with a
YQOY or a calf. Female bottlenose dolphins reach sexual maturity at ages five to thirteen
years (Wells and Scott 2002). Five years is the minimum age referred to as the lower
limit of age of sexual maturity (Wells and Scott 2002) and bottlenose dolphins in
Sarasota Bay have been reported to continue to give birth through 48 years of age (Wells
2003), so these age estimates are potentially extremely conservative. In the sample of 52
females, 22 were animals known to be female from capture-release projects (Hansen and
Wells 1996). For small females that may have not been sexually or physically mature
when captured, I estimated age by comparing the body length recorded at capture to
growth curves (Read et al. 1993). I used a Kruskal-Wallis test to compare birth intervals

among age classes.
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Results

Survey effort

Although survey data exist from 1985, field effort became more consistent after
1992. Therefore, I used a subset of data from 1993-2004, which included 1,815 survey
days (Table 2.3) to calculate inter-birth intervals and reproductive rates. Data from 1985
through 1992 were combined with data from 1993-2004 for estimating minimum ages of
individual female dolphins. The annual mean number of survey days per year during
the years 1993-2004 was 58.6 (range 11-122); the mean number of survey days per month
was 4.9 (range 0-18). I conducted 396 surveys (annual mean=44, range 11-98) from 1996
through 2004. The Duke and University of NC Wilmington team conducted 366 surveys
from 1995 through 2004 (annual mean=37.1, range 25-73). The North Carolina Maritime
Museum conducted 1,053 surveys (annual mean=87.8, range 46-122) from 1993 through
2004. (Table 2.3).

Effort was higher during the summer months; the month with the most field
effort was July; we surveyed the least in January. The total number of effort days by
month is seen in Figure 2.3.

Many survey days included more than one sighting of groups of dolphins. I

examined 2,400 sightings for these 52 females from 1993-2004 (Figure 2.4). The mean
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number of sightings per year for each female was 3.85; the mean total number of

sightings over the study period for each female was 46.15 (Appendix 1).

Inter-birth intervals

Thirty individually identifiable dolphins were selected from the photo-
identification catalog that had been sighted a minimum of fifteen times during the 1995-
2004 period and were presumed to be female after they were photographed with either a
YOY or calf on at least three separate days. Twenty-two additional animals were
selected that were known to be female from previous capture-release projects in the
Beaufort area, for a total of 52 females. I photographed 94 different yoys born to 40 of the
52 females from 1985 to 2004. Twenty-six of the 40 female dolphins that gave birth to
YOYs during our study period had more than one or two YOYs during the study period.
Fourteen females were only photographed with a single YOY and 12 females were never
photographed with a YOY during the study period. Nine of the 12 animals never
photographed with YOYs were known to be female because gender was determined
during capture; three animals that were never photographed with a YOY were
determined to be female from repeated sightings with calves. I could not determine
birth intervals for the females who were not photographed with YOYs. Eleven females
were photographed with two YOYs, seven females were photographed with three

YOYs, six females were photographed with four YOYs, and two females were
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photographed with five different YOYs (Figure 2.5). During 1993-2004, I photographed
89 YOYs born to the 40 females. Seventy-nine of these YOYs survived to the following
year and were photographed with females presumed to be their mothers.

The mean inter-birth interval period was 2.9 years (mode=2, SD=1.19, Figure 2. 6).
Individual females exhibited varying interval lengths. For example, one female
exhibited three different intervals, and eleven females exhibited two different intervals.

Ten females exhibited only one inter-birth interval.

Reproductive rates

I estimated the mean raw fecundity rate by dividing the number of births per
dolphin by the number of years the female was mature from 1993 to 2004 (Appendix 2,
Figure 2.7). When females with missing years of data were included in the analysis, the
mean raw fecundity rate was 0.28; when females with missing data were excluded from
analyses, the mean raw fecundity rate was 0.29. These rates were not statistically
different (t-test, p>0.05, t=--1.47, tcrit=2.02). The lowest fecundity rate for a female
dolphin photographed with a YOY was 0.07; the highest rate was 0.50. The number of
individually identifiable mature females observed per year averaged 30.16 (range: 7-41,
SD=12.12) during the years 1993 to 2004. The mean number of YOYs was 7.42 per year
(range: 2-14, SD=3.87). The mean adjusted fecundity rate was 0.22 (SD=0.089) (Table 2.4)

and the mean raw fecundity rate as 0.24 (5D=0.08).
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Minimum ages

Of the 52 females in our sample, thirty possessed distinctive natural markings
and twenty-two others had been freeze-branded. Of these freeze-branded females,
thirteen were photographed with at least one YOY during the study period, which
leaves nine females that were not photographed with YOYs. Five of the 9 freeze-
branded animals were estimated from their lengths at the time of their capture-release to
be equal to or less than six years of age (Read et al. 1993).

I estimated minimum ages for all 52 females as of 2004, ranging from seven to 24
years (Table 2.5, Figure 2.8). Inter-birth interval length did not predictably vary with
dolphin age (Figure 2.9). The female estimated to be the oldest in this study, a minimum
of 24 years old, recently exhibited two consecutive two year inter-birth intervals and at
least one of her calves has survived. Inter-birth intervals were not significantly different

among age classes (Kruskal-Wallis, p=0.4249, K=2.79) (Figure 2.10).

Mortalities

Two of the 52 females are known to have died since 1985. The carcasses of both
animals were recovered by the North Carolina Marine Mammal Stranding Network.
Female FB727 stranded dead in 2000 after an apparent boat strike to the mandible.
Female #126 was found stranded dead in 2006. The cause of death of this animal remains

unknown. Dolphins numbered 42, 129, FB407, and FB725 have not been photographed
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in at least five years. These animals are presumed dead or their dorsal fins have changed
beyond recognition. I did not record any mortalities of individually distinctive YOYs or
calves.

Eighty-nine yoys were born from 1993-2004 and of these, 79 survived to the

following year. Survival was =79/89=0.89. First-year mortality was thus 0.11.

Discussion

Bottlenose dolphin inter-birth intervals were approximately 3 years (mean 2.9) in
this study, although the modal inter-birth interval length was only two years. Calving
intervals for bottlenose dolphins are typically three to six years in Shark Bay, with a
mode of four years (Connor et al. 1996; Mann et al. 2000), two to ten years in Sarasota,
FL, with a modal calving interval of five years (Scott et al. 1996) , and seven to eight
years for bottlenose dolphins in the Moray Firth, Scotland (Grellier et al. 2003). The
longest—term study of bottlenose dolphins in Sarasota, Florida serves as a benchmark
against which other studies of bottlenose dolphins may be compared. Recently, inter-
birth intervals in Sarasota have decreased (R. Wells, pers. comm.) after remaining stable
for approximately 25 years (Scott et al. 1996). Reasons for this increase in reproductive
rate are not clear at this time but could include the recent net ban, disease, food
availability, or higher mortality rates. Average annual Florida commercial fishery

landings declined after a state-wide commercial net fishing ban implemented in 1995.
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Landing declines during 1996-1998 ranged from 6-91%: mullet (Mugil cephalis)-60%,
spotted sea trout (Cynoscion nebulosus)-91%, Spanish mackerel (Scomberomorus
maculatus)-56%, bluefish (Pomatomus saltatrix)-76%, sheepshead (Archosargus
probatocephalus)-68%, and pompano (Trachinotus carolinus)-6% (Adams et al. 2003). These
decreased commercial landings presumably increased per capita availability of prey for
dolphins.

Minimum inter-birth intervals in Shark Bay for female bottlenose dolphins with
surviving calves was three years (Mann et al. 2000) and two years in Sarasota Bay
(Connor et al. 2000). Minimum inter-birth intervals are two years in NC.

Shorter modal inter-birth intervals along the mid-Atlantic coast of the United
States compared with inter-birth intervals of resident bottlenose dolphins in Sarasota
Bay, FL, or with Shark Bay bottlenose dolphins (T. aduncus), may be related to several
factors. One possibility is that food has not been a limiting factor in the NC study area
and thus animals are in peak condition and find adequate prey during pregnancy and
lactation. Gannon and Waples (2004) found that most of the prey consumed by North
Carolina dolphins was composed of soniferous, demersal fish from the family Sciaenidae.
Members of this family: croaker (Micropogonias undulatus), weakfish (Cynoscion regalis),

and spot (Leiostomus xanthurus), are plentiful in North Carolina estuaries (Fisheries 2007)
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and may not be difficult for these animals to locate and catch (Gannon and Waples
2004).

Gannon and Waples (2004) hypothesized that the lower abundance of sciaenids
in Sarasota Bay dolphin diets” may be attributed to the lower abundance of these fishes
in the Sarasota Bay area. Inshore squid was also an important part of mature female
bottlenose dolphin diets in North Carolina, perhaps related to the metabolic needs of
lactation (Gannon and Waples 2004). In captivity, with adequate food and no need to
learn specialized methods of finding prey, bottlenose dolphin females lactated for 18 to
20 months and exhibited two- to three-year inter-birth intervals (McBride and Kritzler
1951). Another possible reason for shorter inter-birth intervals in NC than in other areas
is that longer birth intervals are less likely to be observed (Barlow and Clapham 1997). 1
did compare our estimates to birth intervals that were complete (i.e., with no missing
years) to those records with one missing year when a female could not have had a new
young of the year, and found no significant difference. However, more years of
estimating birth intervals would yield more accurate results.

An explanation for shorter inter-birth intervals is that these dolphins are
exhibiting a density dependent response to former depletion. Many populations of long-
lived species exhibit density-dependent responses to natural or anthropogenic changes

in abundance. As densities decline, populations may exhibit increased birth rates,
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decreased age of sexual maturity or higher rates of juvenile and adult survival (Fowler
1984). The bottlenose dolphin die-off of 1987-1988 attributed to Morbillivirus involved
more than 700 bottlenose dolphin mortalities (Scott et al. 1988; Geraci 1989). These
mortalities presumably reduced the density of the coastal bottlenose dolphins but the
extent of the reduction is unknown. Unfortunately, I do not have life history data that
predates the die-off, so I can not determine whether the current intervals are typical or a
response to the past epizootic. The results I describe here constitute baseline data and
can be compared to data collected in the future, in case of a future die-off, or to estimate
the effects of other causes of mortality such as fisheries by-catch, habitat alteration, boat
impacts, or pollution (Wells and Scott 2002; Wells et al. 2004).

The mean adjusted fecundity rate in female dolphins in NC was 0.22 for the
years 1993-2004, compared to a mean fecundity rate of 0.144 (SD=0.0244) for the years
1980-1987 in the Sarasota Bay, FL bottlenose dolphins (Wells and Scott 1990). The
Sarasota population may be close to carrying capacity. The community of female
dolphins in North Carolina was not completely sampled (n=52 females). The small
sample size may partially account for higher calculated fecundity rates in Beaufort.
Mature females without calves were not fully represented in this study because a YOY
or calf with an adult was one way I determined sex, thereby biasing our estimates

toward higher fecundity values. The fecundity rate (0.22, SD=0.08) and mean raw
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fecundity rate (0.24) correlate reasonably well with the inter-birth interval rates
calculated for Beaufort. However, a larger sample size, and calculation of mean
recruitment rate (number of calves that were born and survived to one year as a
proportion of the total population) would be valuable information for management and
health assessment studies (Wells and Scott 1990). This study establishes preliminary
indices which may be used to formulate hypotheses of stock structure and test effects of
future or ongoing natural or anthropogenic perturbations. By continuing this work in
future years, mean recruitment rates, mortality, emigration and immigration rate
information could be estimated and would help us understand how this population
compares to other populations of bottlenose dolphins.

Long-term studies that follow the lives of individual animals have contributed a
great deal of demographic information regarding wild whales and dolphins (Barlow and
Clapham 1997). Although these studies have enhanced our understanding of
reproductive parameters, some basic methods of estimating birth rates from these
studies have some inherent biases. For example, to estimate the rate of births to mature
females, the presence of a calf in wild cetacean populations is one of the only methods to
determine maturity. Including the first birth will result in an overestimate of birth rate

and disregarding it will result in an underestimate (Barlow and Clapham 1997). Barlow
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and Clapham (1997) point out that the detection of longer birth intervals is affected by
the length of the study and therefore mean birth intervals may be underestimated.

In mammals, pregnancy is less metabolically demanding than lactation. Female
bottlenose dolphins increase food consumption only slightly during gestation, but
increase food consumption by 58-97% during lactation (Kastelein et al. 2002). Trivers
(1974) defines parental investment as “any investment by the parent of the offspring that
increases the offspring’s chance of surviving at the cost of the parent’s ability to invest in
other future offspring”. Nursing calves longer may increase offspring survival by
providing adequate nutrition, thus indirectly ensuring offspring larger size, and being
present to fend off predators.

An important component of calf-rearing for marine mammals is social learning.
What would be lacking in dolphin calves if inter-birth intervals were consistently two
years? Perhaps specialized foraging techniques, predator avoidance techniques, or boat
avoidance techniques would not be transferred vertically through matrilineal groups, as
in larger odontocetes, such as sperm whales (Whitehead and Mann 2000). Calves may be
deficient in social skills by missing that one extra year of socialization with other calves
in their cohort. Future research may answer this question.

Older female dolphins in Beaufort do not appear to invest more time with calves

than younger females do. Clutton-Brock (1984) predicted that as female mammals age,
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they should devote more resources to each offspring by increased inter-birth intervals
and longer nursing periods. He postulated that mammals may invest more reproductive
effort at a later age, when there are fewer future opportunities for reproduction
(Clutton-Brock 1984). To reach more precise conclusions about how inter-birth intervals
vary with age of dolphins in the Beaufort study area, I would need actual ages and more
inter-birth interval data. Older, more experienced feral horses (Equus caballa) in New
Zealand target investment toward offspring during the most critical periods and invest
less after those periods, yet manage to reproduce more frequently than younger,
inexperienced mares (Cameron et al. 2000). Whether bottlenose dolphins expend lower
reproductive energy by focusing investment on periods of high offspring mortality and
investing less after those periods, or expend more energy by extending periods of
lactation, as in the case of sperm whales, will require more research (Best et al. 1984).
Life history theory attempts to explain how variation in life history traits leads to
variation in fitness among individuals (Stearns 1992). For instance, in marine mammals,
long dependence of offspring enhances the probability that young learn essential
foraging or other skills necessary for survival. Life history traits such as mortality
schedules, age at maturity and number of offspring are connected by many trade-offs,
such as those between current reproduction and survival, and current reproduction and

future reproduction (Stearns 1992). It may be possible that older females are more
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efficient at spending less time teaching their offspring the behaviors necessary for
survival and protecting them from predators and other threats at critical times; hence
older females would have shorter inter-birth intervals, but results from this study do not
support this. Age data from animals in this area may at some future date provide data to
support or refute some of these hypotheses.

Mortality rates for wild populations of dolphins are difficult to estimate (Wells
and Scott 1999). In Sarasota Bay, Florida, bottlenose dolphin YOYs exhibited a minimum
annual mortality rate of 0.189, and an overall mortality rate range of 0.10 to 0.38 for the
population of known animals > 1 year old (Wells and Scott 1999). Off Natal, South
Africa, mortality estimates were 0.22 due to sharks (Cockcroft et al. 1989). First-year
mortality rates for North Carolina bottlenose dolphins were 0.11 from 1993-2004. Future
collaboration with the North Carolina stranding network including identification of
dead stranded animals and genetic analyses will enhance our ability to estimate
mortality rates for different stocks in this area.

Bottlenose dolphins have been referred to as marine ecosystem sentinels (Wells
et al. 2004) because they are top-level predators. By consuming a large selection of fish
and squid, they concentrate and accumulate contaminants. Hansen et al. (2004) found
polychorinated biphenyl (PCB) concentrations levels from Beaufort animals sampled

during capture-release studies “sufficiently high to warrant concern for the health of
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dolphins” when compared to bottlenose dolphins in the Indian River Lagoon, Florida.
As human presence increases along the coastal areas of North Carolina, the reproductive
parameters presented in this study will be valuable for comparison with future values as
environmental contaminant levels change.

Thoughtful conservation of marine mammal species depends on understanding
life history parameters such as reproductive seasonality, inter-birth intervals, fecundity
rates, and age of sexual maturity. These parameters are linked to the animal’s
environment, and changes in the environment that affect habitat such as prey
availability can lower fecundity and therefore reproductive fitness (Whitehead and
Mann 2000). Because many long-lived marine mammals exhibit high juvenile mortality,
female behaviors that enhance offspring survival, such as nursing behavior and
communication between mother and calf, relate to maternal fitness. Thus, conservation
and management of marine mammals relies on knowledge of reproductive parameters,

and on consideration of how reproductive behavior affects these life history constraints.
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Table 2.1: Comparison of cetacean inter-birth intervals.

Species

Megaptera
novanaengliae
Physeter
macrocephalus
Orcinus

orca
Macrorhynchus
globicephala
Stenella
attenuata
Stenella
longirostris
Tursiops
truncatus
Tursiops
truncatus
Tursiops
truncatus
Tursiops
aduncus
Phocoena
phocoena

Common
name
Humpback
whale
Sperm
whale
Killer
whale
Short-finned
pilot whale
Spotted
dolphin
East. spinner
dolphin
Bottlenose
dolphin
Bottlenose
dolphin
Bottlenose
dolphin
Bottlenose
dolphin
Harbor
porpoise

1 (Barlow and Clapham 1997)

2 (Best et al. 1984)
3. (Olesiuk et al. 1990)

4. (Kasuya and Marsh 1984)

5. (Perrin et al. 1976)
6. (Perrin et al. 1977)

7. (Wells and Scott 1999)

8. (Grellier et al. 2003)

9. (Cockcroft and Ross 1990)

10. (Connor et al. 2000)

Inter-birth
interval (yrs)
2.38

5.8

5.32

5.0

2.17

2.17

54

3-8

4.55

1.5

11. (Read and Hohn 1995; Read and Gaskin 1990)
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Range
(yrs)

1-5
2.0-9.6
2-14
3.85-10.13
2-2.25
2.11-2.22
2-11

3-8

2-6
3.0-6.2

1.0-2.0

Source,
Locale

1 Atlantic
Ocean

2 South
Africa

3 British
Columbia

4 Japan

5 Pacific
Ocean
6 Pacific
Ocean
7 United
States

8 Moray
Firth

9 South
Africa

10 Australia

11 North
Atlantic,
Pacific



Table 2.2: Fecundity rates, raw and adjusted, used in analyses.

Rate Type

Raw
Fecundity
Rate

Adjusted
Fecundity
Rate

Variables Equation

b=number of b/f
years female

photographed

with a yoy

f=total number of

years

photographed

mature female

b= number of b1/t
calves surviving

to one year

f= number of

mature females

observed in any

year

64

Source

Caughley
(1977)

Wells and Scott
(1990)



Table 2.3: Survey effort showing number of field days searching for bottlenose
dolphins per year for V. G. Thayer (VGT), North Carolina Maritime Museum
(NCMM), and Duke University -University of North Carolina Wilmington.

Years VGT NCMM Duke-UNCW Total
1993 0 46 0 46
1994 0 71 0 71
1995 0 85 29 114
1996 11 122 25 158
1997 66 107 26 199
1998 98 108 50 256
1999 56 87 73 216
2000 15 84 36 135
2001 11 87 30 128
2002 33 87 34 154
2003 64 85 31 180
2004 42 84 32 158
Total 396 1053 366 1815

65



Table 2.4: Reproductive rates for a portion of female bottlenose dolphins
photographed in Beaufort, NC 1993-2004. f=the number of known mature
females; b=the number of calves born to known mothers; bi=the number of
known births surviving to one year; b/f= raw fecundity rate; bi/f= adjusted
fecundity rate; Fd= the total number of field days that year.

f b b= b/f b./f Fd
1993 7 2 1 0.25 0.13 46
1994 9 2 2 0.22 0.22 71
1995 19 7 7 0.37 0.37 80
1996 24 8 8 0.33 0.32 100
1997 36 5 4 0.14 0.11 199
1998 39 12 10 0.31 0.26 256
1999 38 8 7 0.21 0.18 216
2000 39 11 10 0.28 0.26 135
2001 36 3 3 0.08 0.08 128
2002 40 9 8 0.23 0.2 154
2003 41 14 12 0.34 0.29 180
2004 34 8 7 0.24 0.21 158

Mean 30.16 7.42 6.58 0.24 0.22 143.56
SD 1212 3.87 3.42 0.08 0.09 62.99
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Table 2.5: Inter-birth intervals by age of 52 female dolphins in North Carolina.

Estimated Age (yrs) of Female Bottlenose Dolphins

Inter- <10 11 to 15 16-20 21-25 26-30 Total

birth

Interval

(Yrs.)
2 2 9 11 2 24
3 1 10 2 15
4 2 2 4
5 2 2 4
6 1 1
7 1 1

Total 3 23 19 4 49
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Figure 2.1: National Marine Fisheries Service hypothesized stock structure of
coastal bottlenose dolphins in the western North Atlantic.
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Figure 2.2: Study area of North Carolina and surrounding area.
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Figure 2.3: Effort days by month spent surveying for dolphins in North Carolina.
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Figure 2.4: Number of total sightings of female dolphins in North Carolina from
1993-2004 (N=52).
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Figure 2.5: Number of dolphin young of the year (YOYs) per dolphin female.
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Figure 2.8: Estimated minimum ages of female dolphins in Beaufort, NC, as of 2004.
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Chapter 3. Association patterns among female
bottlenose dolphins
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Introduction

Analysis of the social structure of long-lived animal populations requires
collection of detailed information on interactions among individuals collected over a
long period of time. Hinde (1976) presented a conceptual framework for studying social
structure which consisted of three levels: interactions, relationships, and group
structure. This framework was intended mainly for non-human primates, although
Hinde stated that concepts from social sciences would be more valuable if they
illuminated differences and similarities between humans and other animals (Hinde
1976). He defined an interaction as the basic element of social structure that may be
described both by its content and quality. Relationships were defined as a succession of
interactions between individuals. The frequency of interactions can be used, therefore, to
measure the strength of an association between two individuals.

Animals are considered to be associated if their spatial and behavioral states
allow interactions to take place, so associations can be used as a proxy for interactions
(Whitehead 1997). Patterns of social association have been investigated in many large
terrestrial vertebrates such as lions, Panthera leo (Schaller 1972a), baboons, Papio
cynocephalus (Silk et al. 2003), and elephants, Loxodonta africana, (McComb et al. 2001).
Studies of associations within these groups lend insight into social structure and genetic

relationships.
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Studies of social associations have revealed several parallels between societal
structure of terrestrial and marine mammals (Samuels and Tyack 2000). For example, the
hierarchical social structure of sperm whales (Physeter macrocephalus)- that of matrilineal
units and more solitary, roving males has been compared to the social structure of
elephants (Whitehead and Weilgart 2000). Bands of female bottlenose dolphins have
been compared to those of lions (Wells et al. 1987; Schaller 1972b). The fission-fusion
pattern of grouping observed in bottlenose dolphins has been compared to that of
chimpanzees, Pan troglodytes, (Tayler and Saayman 1972; Wiirsig and Wiirsig 1977; Wells
et al. 1987; Smolker et al. 1992). The results of these behavioral studies in terrestrial
mammals have led to a broad understanding of the social structure in many species of
cetaceans (Samuels and Tyack 2000), including some examples of unique social structure
in long-finned pilot whales (Globicephala melas) (Amos et al. 1993) and killer whales
(Orcinus orca) (Bigg et al. 1990).

Studying social associations of cetaceans can be more challenging than for
terrestrial mammals because these animals spend most of their lives underwater, away
from human observers. Typically researchers are forced to infer their social behavior
from brief glimpses of the animals at the surface. This is particularly true in areas where
water is turbid, such as in the estuaries of North Carolina.

Much of the earlier research on social associations of odontocetes was derived

from observations of captive animals (Cockcroft and Ross 1990; Reid et al. 1995; Samuels
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and Tyack 2000; McBride and Kritzler 1951; Caldwell and Caldwell 1966; Tavolga 1966).
However, in the last two decades, longitudinal studies of wild odontocetes have
contributed valuable insight into their social structure (Connor et al. 2000; Baird 2000;
Whitehead and Weilgart 2000; Wells 2003). Because these studies require the investment
of many years of field work, only a small number of long-term studies on cetacean social
associations have been conducted.

The few long-term studies on wild bottlenose dolphin social structure have
revealed similarities as well as differences in patterns of association. Social organization
has been studied most intensively in common bottlenose dolphins (Tursiops truncatus) in
Sarasota Bay, Florida (Wells and Scott 1990), and the Moray Firth, Scotland (Wilson et al.
1997); Grellier 2000), and the Indian Ocean bottlenose dolphin, Tursiops aduncus, in
Shark Bay, Australia (Connor et al. 2000). One characteristic that is shared by bottlenose
dolphins from all these areas is the fission-fusion grouping pattern (Connor et al. 2000).
Fission-fusion is the association of individuals in small groups that frequently change in
composition (Connor et al. 2000). Within this fluid structure, the frequency and duration
of association may indicate the strength of the bonds among individuals (Connor et al.
1992; Connor et al. 1996; Connor et al. 1999; Whitehead 1999).

Female bottlenose dolphins in Sarasota Bay and Shark Bay form loose networks
of associates (Wells 1991b; Smolker et al. 1992). In Sarasota, Wells et al. (1987) used

genetic analysis to determine that familial relationships may be significant determinants
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in the forming of groups they termed “bands”. Association indices estimate the
proportion of time two individuals spend together, and are measured by coefficients of
association, which can range from 0, where individuals are never together, to 1, where
individuals are always together. Females within bands have higher coefficients of
association than with other females (Wells et al. 1987). In Shark Bay, females vary in the
degree to which they associated with other dolphins and that Shark Bay female
dolphins formed cliques, or groups that were moderately stable for at least five years
(Smolker et al. 1992). Female dolphins that use the southern outer Moray Firth have not
been known to form bands or cliques, and exhibit low overall coefficients of association.

The reproductive state of females may influence the strength of particular
associations among females. Females may benefit from associations with other females
in similar reproductive states, because they share similar energetic requirements and /or
need both protection from predators and defense against males (Cockcroft and Ross
1990). For example, females with very young calves have different requirements than
females with older calves or females with no offspring.

Describing social associations of NC bottlenose dolphins is important not only
for heuristic reasons, but also because no one along the eastern coast of the United States
has described long-term social associations of a large, mixed population that may be
more similar in social structure to pelagic dolphins than to smaller, resident dolphin

populations. Three studies of social associations among bottlenose dolphins along the
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mid-Atlantic United States have been completed. Gubbins (2002a) examined associations
among members of groups of resident dolphins and transient dolphins in a South
Carolina estuary from 1994-1998. Gubbins found that transient bottlenose dolphins
interacted with residents but neither social interactions nor environmental factors such
as season, habitat type or tidal stage significantly changed association patterns of the
residents (Gubbins 2002a). Two other researchers have examined association rates of
bottlenose dolphins on the Atlantic coast. Fearnbach (2004) examined association
patterns of coastal migratory bottlenose dolphins in waters near Virginia Beach, Virginia
and found that 79.3% of individuals had low association values (0.01-0.40). Associations
of bottlenose dolphins have also been examined in Jacksonville, FL, but affiliations could
not be described because only 31% of the 684 individual animals identified were sighted
more than once (Caldwell 2001).

My objectives are to: a) describe patterns of social associations among female
dolphins observed from 1995-2004 in North Carolina, and b) compare association rates
of female dolphins with young of the year calves (YOYs), to association rates of females

with older calves and association rates of females with no calves.
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Methods

Survey effort

Survey data collected from 1995 to 2004 by 1) the North Carolina Maritime
Museum, 2) Duke University Marine Laboratory-University of North Carolina
Wilmington, and 3)VGT were combined. Photographic field and lab methods were
similar in all four groups. I collected data for this study from 1996-2004.

In general, small (4.5-7m) powerboats were used to survey the study area with
crews consisting of a minimum of two persons: a boat driver and data recorder -
photographer. During each encounter with dolphins, location was recorded (by
comparing our track to navigation charts in the earlier years, 1985-1995, and by GPS in
later years, 1996-2004) and the total number of dolphins in the group was estimated.
Environmental parameters including water temperature and salinity, wind speed and
direction, and Beaufort sea state were measured and recorded. The boat then
approached the group of dolphins, attempting to maintain a parallel course and slow
speed to obtain high quality photographs. Every attempt was made to obtain good
quality photographs of the dorsal fin of each dolphin in the group using standard photo-
identification techniques (Wiirsig and Jefferson 1990), SLR cameras with 300 mm lenses,
power winders, and data-backs with black and white print film or color slide film. In
recent years, digital Canon EOS-10D digital cameras with a Canon EF100-300mm lenses

or Nikon D-100 digital cameras were used.
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Photographs of dorsal fins were sorted according to standard protocols, using
nicks, notches, scars, or freeze brands from previous captures (Urian and Wells 1996).
Good quality images of distinctive fins were compared to photo-identification catalogs
of known individuals. Matches were verified by a second researcher experienced in
photo-identification.

Young of the year calves (YOYs) were defined as animals that had three of the six
following characteristics: body size less than half of the proximate adult (Cockcroft and
Ross 1990); dark color (Cockcroft and Ross 1990); floppy dorsal fin (Mead and Potter
1990); extreme buoyancy (Cockcroft and Ross 1990); rostrum-first surfacing; and echelon
swimming position (Mann and Smuts, 1999). The presence of fetal folds or fetal lines
(Mann and Smuts 1999) alone were noted but these were not used as a defining feature
for a YOY, because these features can last variable lengths of time (Mann and Smuts
1999; Haase and Schneider 2001).

Calves were defined as animals up to seventy-five percent of the size of the
proximate adult, surfacing regularly with a particular adult assumed to be its mother
(Urian and Wells 1996).

Individually identifiable dolphins that had been photographed with a YOY or a
calf on three separate days, or those individuals known to be female from capture-
release were selected for analysis. Sighting data were available for 52 females. Each of

the three sighting databases (NCMM, Duke-UNCW, VGT) were queried for sightings of
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these 52 females. To ensure independence of sampling and avoid serial autocorrelation
of sightings, only the first sighting of an individual animal was used if an individual
dolphin was sighted more than once in a day (Béjder et al. 1998; Chilvers and Corkeron

2002).

Association analysis

Animals photographed in the same group were considered to be associated. For
this study, groups were defined as aggregations of animals engaged in similar behavior
within 100 m of one another (Wells et al. 1987; Connor et al. 1998), although other
definitions exist (Smolker et al. 1992). The definition of a group is important because
groups are defined in various ways in different study sites (Connor et al. 2000).

Coefficients of association are estimates of the proportion of time that particular
individuals spend together, and rates may range from 0, for animals that are never seen
together, to 1, for animals that are always seen together.

The Half-Weight Index (HWI) of association (Ginsberg and Young 1992; Cairns
and Schwager 1987) was used in this study. HWI is calculated as:

HWI = X
X+0.5(ya+ys)

where X = the number of sightings of dolphin A and dolphin B in the same group, and
Ya =sightings of A only, and Ys -sightings of B only. The HWI (Cairns and Schwager

1987) was employed because it can be used in instances where not all individuals in a
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group are photographed, and because it allows for comparison with many other studies
of bottlenose dolphins (Wells et al. 1987; Chilvers and Corkeron 2002; Smolker et al.
1992; Bréger et al. 1994; Eisfeld and Robinson 2004; Lusseau 2003; Moller et al. 2006;
Parsons et al. 2003; Quintana-Rizzo and Wells 2001).

Because multiple stocks of bottlenose dolphins may be found along the coast of
North Carolina during different seasons of the year, the year was divided into two
periods: “summer” refers to May through October, and “winter” refers to November
through April. Overall association indices among all females within each time period
were examined, and mean, maximum mean, and median association indices were
calculated. These periods follow the division the Bottlenose Dolphin Take Reduction
Team used to approximate the time periods NC bottlenose dolphins spend at migratory
endpoints (Hohn 1997; Wang et al. 1994; Waring et al. 2006).

Association data were tested for normality using the Kolmogorov-Smirnov Test
(Matlab 7.0). The data were not normally distributed; therefore, non-parametric statistics

were used (Fowler and Cohen 1997).

Criteria for association analysis

A common problem in studies of social association is determining the minimum
number of sightings required to include an individual in the analysis. There is no
consensus in the literature on the appropriate threshold of sightings required (Table 3.1).

Chilvers and Corkeron (2002) discussed the trade-off between ensuring that data are
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representative, by including individual animals with low resighting frequencies while
also making sure that data are reliable, by having fewer individuals that were sighted
more frequently. Many of the females in this study were present in the Beaufort area
only during one season (summer or winter), compounding the problem of low sighting
rates for individuals. Thus, in the absence of a consensus threshold, a commonly

employed cut-off of five sightings was used (Table 3.1).

Classes of females

In each year they were observed, females were assigned to one of three classes
according to the age and or presence of their calf: (1) Females with young of the year
(YOYs), (2) females with older calves, and (3) females with no dependent offspring. The
mean CoA and standard deviation for each class and each pair of classes for each season
in each year were calculated. Maximum coefficients of association (the associate that
shared the highest association rate) for each individual were calculated and the
maximum association rates within each class were averaged and standard deviations
were calculated(Gowans et al. 2001). Mean overall coefficients of association for that
class within each year for summer and winter months were calculated. Analyses of
associations among females in each age class were restricted to only those years where a
minimum of five females with YOYs were identified.

The Wilcoxon rank sum test for equal medians was used to compare associations

among females in each class and time period.
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To determine whether there were differences in the patterns of association
between and within classes of females with YOYs, females with calves, and females with
no calves, Mantel tests (SOCPROG 2.3) were used to test the null hypothesis that

association rates between and within classes were similar (Schnell et al. 1985).

Associations of known pairs or groups using cluster analysis

“Bands” of female dolphins were defined by Wells et al. (1987) as those animals
that share a home range with other group members, have a coefficient of association of
at least 0.31 with one or more group members, and have a mean coefficient of
association with all group members that is within one standard deviation of the mean
coefficient of association for the group members with each other (Wells et al. 1987).
Hierarchical cluster analysis was used to determine whether bands of females exist
within the study area; ranging patterns were not examined (Whitehead 2003). Cluster
analysis uses association matrices to draw dendrograms that depict association between
hierarchically formed clusters of individuals. For each cluster diagram, a cophenetic
correlation coefficient is calculated. The cophenetic correlation coefficient ranges from 0
to 1, and indicates how well the dendrogram matches the matrix of association indices
(Whitehead 2003). Females were divided into two groups: those that were sighted
during summer months and those that were sighted during winter months. Pairs or
groups of females depicted by dendrogram that had association indices equal to 0.20 or

greater, termed “ relatively close associates” (Slooten and Dawson 1993), were
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examined. Reproductive states of each member of the pairs or groups were examined
and compared to CoAs for each year to determine if females with similar reproductive
states were correlated to high association indices. In this analysis, data from years in
which females were photographed on a minimum of five different days per year for the
summer months were used, as well as data from all sightings during the year. These
results were then compared to results from all sightings of these females during summer
months and during the entire year, including years for which there were fewer than five

sightings that particular year.

Results

A total of 1698 surveys were conducted from 1995-2004 (yearly mean 55.6, range
11-122). Effort was higher during the summer months; July was the month in which
most field effort was expended; fewest surveys were completed during January. The
total number of survey days was 1609.

Overall female association indices (all classes) were low (Figure 3.1). I found a
mean association rate of 0.06 (SD=0.13) for the summer months, May through October
from 1995 to 2004 (Appendix 3, Figure 3.2). The mean of maximum association rates was
0.21 (SD=0.10). Association indices during winter months, November through April,
were also low, and standard deviations were higher (Appendix 4, Figure 3.3). The
winter mean association rate was 0.04 (SD=0.16) and the maximum mean association

rate was 0.29 (SD=0.14).
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Forty-four female dolphins met the criterion of five or more sightings during any
year during all months from 1995-2004. Thirty-three female dolphins met the criterion of
five or more sightings during any year during the summer months from 1995-2004 and
eight female dolphins met the criterion for the winter months (Table 3.2). Twenty- nine
of these dolphins sighted during summer months were seen only during summer
months, and three of these female dolphins sighted during winter months were only
sighted during winter months. A total of five females were sighted more than five times

in both summer months and winter months.

Association rates of females and classes of offspring

During summer, at least five females with yoys were seen during seven years:
1996, 1998, 1999, 2000, 2002, 2003, and 2004 (Appendix 3). In winter, there were five
years for which there were at least five females with yoys observed: 1996-97, 1998-99,
2001-02, 2003-04, and 2004-05 (Appendix 4).

The median half-weight CoAs of females with yoys, calves and no offspring were
generally low in summer months (Table 3.3). During summer, mean CoA rates among
females with yoys (0.10, SD=0.04) were higher than among females with calves (0.05,
SD=0.03) or among females with no offspring (0.06, SD=0.02, Table 3.3, Figure 3.4).

Females with yoys had significantly higher median CoA’s than among females

with calves (p<0.05, Wilcoxon rank sum test for equal medians, z=13.695). Significantly
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higher median CoAs were found among females with yoys than among females with no
offspring (p<0.05, Wilcoxon rank sum test for equal medians, z=6.6813).

Similarly, in winter months, females with yoys had higher mean CoA’s (0.11,
SD=0.08) than females with calves (0.04, SD=0.05) or females with no offspring (0.02,
SD=0.01). Females with yoys also had higher mean CoA’s than females with yoys and
calves (0.07, SD=0.03), or females with yoys and no offspring (0.04, SD=0.01, Table 3.4,
Figure 3.4).

During winter months, significantly higher median rates of association were
detected among females with yoys than among females with calves (p<0.05, Wilcoxon
rank sum test for equal medians, z=-5.0947), or among females with no offspring (p<0.05,
z=5.9276). Median rates of association among females with yoys were significantly
higher than among females with yoys and females with calves (p<0.05, z=3.5934), or
females with yoys and females with no offspring (p<0.05, z=5.7543). Females with yoys
in winter months had higher mean association rates (0.11) than females with yoys in

summer months (0.10), but this difference was not significant (p=0.095, z=-1.66).

Association rates within and between female classes

Mantel tests demonstrated significantly higher association rates among and
between classes of females and their offspring for different years (Appendix 5). In 1996
summer months, Mantel tests revealed significantly higher association values within

classes than between classes (t=2.4661, p=0.99). The null hypothesis is that associations
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between classes and within classes are similar (Schnell et al. 1985). The null hypothesis
can be rejected if t does not fall between 0.025 and 0.975 (Whitehead 2003). Mantel tests
showed significantly higher CoA values within classes of females (t=2.6527, p=0.98). In
2003, Mantel tests showed significantly higher CoA values within classes of females with
yoys than between classes (t=3.7391, p=0.99). Significantly higher association rates within
classes than between classes were found in 2003 (t= 2.7422, p=0.99). During the summer
of 1997, 1998, 2002, and 2004, I did not find significantly different association rates
within classes of female dolphins compared to association rates between classes
(Appendix 5). Association rates were not significantly different within classes of females
compared to rates between classes of females during winter months during any years

(Appendix 6).

Association analysis of known pairs or groups

Cluster analyses were employed to depict associations of pairs or small groups of
two to three individual animals if the cophenetic correlation coefficient was >0.80
(Whitehead 2003). One thousand seven hundred sixty-six records (1923 including when
fewer than five sightings per female that year were examined) of sightings for females
from 1995-2004 were analyzed (Figure 3.5). Groups of female dolphins in the Beaufort
area that fit the description of “bands” according to Wells et al. (1987), were not found.

One thousand, four hundred fifty-six records from summer months were

analyzed. The cophenetic correlation coefficient was 0.83129 (Figure 3.6). Three
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hundred ten records from winter months were analyzed. The cophenetic correlation
coefficient was 0.87937 (Figure 3.7). The mean overall association coefficient was 0.02
(SD=0.01).

From the summer cluster analysis, “relatively close associates” (i e., individuals
that are more frequently seen together) included seven pairs, one trio, and one foursome
of females that had mean coefficients of association equal to or greater than 0.20. These
associates were analyzed by year to determine if association indices were significantly
higher with similar reproductive state (ex: Figs. 3.8a-3.8c). (Females 282 and 655, 1010
and 2319, FB417 and FB719, FB715 and FB727,126 and FB717, 789 and FB711, and 2533
and 2790 were the pairs; dolphins 75, 401 and 572 made up the trio and dolphins 80, 865,
870 and 1018 comprised the foursome.) When both females were in similar reproductive
state (calves of the same age that year or no calves that year) the mean CoA value was =
0.32 (n=49, range 0.0-0.69, SD=0.19) and when females were in different reproductive
states, the mean CoA value was 0.30 (n=36, range 0.00-0.86, SD=0.19, Appendix 7).

These values were not significantly different. Thus, females exhibited preferences for
association with one or two other females regardless of reproductive state, although

association rates were low overall.

Discussion

Female bottlenose dolphins in NC exhibited low rates of association (0.05 mean

CoA) during both summer and winter time periods. Females exhibited little preference
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for other females in similar reproductive states. Bands of females, according to Wells et
al. (1987) definition, were not found. However, females did exhibit higher association
values with “preferred companions”, with whom they associated, regardless of

reproductive state.

Association rates

The association rates of NC female dolphins were lower than those found in
other areas (Table 3.5). Association patterns vary with ecological factors (Chilvers and
Corkeron, 2002). Communities of dolphins in estuaries and bays form small schools and
have strong associations (Wells et al. 1987; Shane 1990; Connor et al. 1992; Smolker et al.
1992; Rossbach and Herzing 1999; Gubbins 2002a). By contrast, larger populations of
dolphins that inhabit deeper waters along coastlines or have extensive seasonal
movements have lower association rates (Defran et al. 1999; Weller 1991; Tayler and
Saayman 1972; Ballance 1990; Wiirsig and Wiirsig 1979). Brager et al. (1994)
hypothesized that associations are higher among small, resident groups of dolphins,
such as Sarasota, FL, where the dolphin community consists of a relatively small
number of associates (approximately 106 animals). In areas such as Galveston, TX (n=552
animals) and the Southern California bight (n=424 animals), where the number of
potential associates is greater because of a larger population size, association rates are

lower (Bréger et al. 1994; Defran et al. 1999).
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The female bottlenose dolphins in the estuaries and bays of NC investigated in
this study represent the lowest association indices found to date. Dolphins in NC inhabit
both estuarine shallow protected areas as well as near shore ocean waters and display
seasonal movements of >200 km. The abundance of bottlenose dolphins was estimated
to be 141 animals in southern NC and 919 animals in northern NC bays, sounds and
estuaries in 2000 (Read et al. 2003). Dolphins in these two areas mix seasonally (Wang et
al. 1994) . Association rates of bottlenose dolphins in NC may be low because dolphins
in this area have a larger number of potential associates whom they encounter regularly.
Another possibility is that long-term association patterns, if they existed, may have been

disrupted by the epizootic of 1987-88.

Reproductive state

Females in similar reproductive states exhibited only slightly higher association
rates than females with different reproductive states in NC. In Sarasota, female dolphins
of similar reproductive state within bands preferentially associate with each other, and
females without offspring associate with each other (Wells et al. 1987). Wells et al. (1987)
found that reproductive condition plays a more defining role in determining associates
within groups of female dolphins, or bands than genetic relationships in Sarasota. Wells
et al. (1987) found the mean coefficients of some of these bands were 0.68 (SD= 0.103)
and 0.56 (SD=0.124). Smolker et al. (1992) found that association rates among female

dolphins in Shark Bay were similar to those reported by Wells et al. (1987). The Sarasota
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population of animals is a relatively closed group of dolphins that frequent a well-
defined home range of approximately 125 square km (Wells et al. 1987; Wells and Scott
1990). Generations of dolphins are known to remain within the home range area, and
immigration and emigration are not common (Scott et al. 1990). Perhaps within the
relatively closed populations, reproductive status determines female associations to a
greater degree than among dolphins with larger home ranges, such as dolphins in North

Carolina.

Female “bands” not present in North Carolina

Bands of females were not found in North Carolina. In Sarasota Bay and Shark
Bay, a small number of females do not belong to bands or cliques and are less social than
the majority of females in those areas. The reason for this difference in sociability
among females is unknown (Connor et al. 2000) but being less social may be costly. For
example, in Sarasota, calf survivorship is directly related to sociability: females raising
calves within bands have significantly higher success rates than non-band members

(Wells 1991a).

Preferred companions

Females in the Beaufort area appear to have some preferred companions but do
not form bands with relatively high association rates, as seen in female dolphins in the

other areas of the world. Rather, in the Beaufort area, I found evidence of preferred
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female companions that are photographed together approximately 30% of the time I
surveyed them. These associations, though relatively weak, have lasted more than ten
years and may facilitate calf rearing, foraging and or protection from predators,
although I do not have evidence to prove or disprove these hypotheses. Associations of
female bottlenose dolphins in North Carolina do not appear to be determined primarily
by reproductive status. For example, dolphins #80 and dolphin #865 were photographed
together more frequently even when one had a YOY and the other did not, than with
other females in similar reproductive condition. Since the animals that use the Beaufort
area waters travel between Beaufort and Wilmington, North Carolina, or between
Beaufort and Manteo, North Carolina, or Beaufort and Virginia Beach, Virginia, perhaps
these animals have found it more efficient to travel in smaller groups (i.e., pairs) rather
than bands. Future studies of these “preferred companions” may answer some of these
questions.

One possible explanation for higher association rates among some females is
increased foraging efficiency. Foraging in groups may be more effective than foraging
alone in areas such as Sarasota Bay and Shark Bay, and long-term associations may
increase foraging success when calves are present. Females form groups when food
resources are limiting, and association with relatives is preferred, as related individuals
make more reliable cooperators (Wrangham 1980; Moller et al. 2006). Female bottlenose

dolphins in NC have not been observed feeding cooperatively to date. Perhaps food is
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not limiting for female dolphins in NC, so associations with other females would not
improve predation efficiency or success.

Groups may also provide protection from predators such as sharks (Wells 1991a).
Females that are less social may be more vulnerable to predation by sharks. In addition,
groups of females may help guard against unwanted advances from male dolphins
(Connor et al. 2000). In North Carolina, I do not know if pursuit by males represents a
threat to unwilling females. Protection from predators such as sharks and avoidance of
harassment from males may be less of a problem in the Beaufort area, or perhaps female
dolphins in this area have developed alternate methods to reduce risk from these
threats.

Female bottlenose dolphins in Doubtful Sound, New Zealand, did not change
their association rates to maximize the protection of their calves as in Sarasota Bay
(Lusseau et al. 2003; Wells et al. 1987). However, Lusseau et al. (2003) found that female
dolphins in Doubtful Sound have relatively strong relationships with other female
dolphins (mean 0.47, sd=0.05) and some that lasted over seven years. Lusseau et al.
(2003) hypothesized that long-term relationships between females may be dictating
reproductive strategies, rather than similar reproductive states governing associations.
Beaufort dolphin females that have preferred associates exhibit strong, long-term

relationships similar to those seen in Doubtful Sound.
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Are these female preferred associates related? Wells et al. (1987) suggested that
reproductive condition may be the major determinant of associations among female
dolphins in Sarasota, and that kinship among females may determine band membership.
However, Moller (2006) found that kinship was not necessarily a prerequisite for band
membership among T. aduncus in southeastern Australia. Genetic relationships may be
more important than reproductive condition in determining long-term associations
between female dolphins in Beaufort, although reproductive condition, particularly the
year when females give birth, may inspire closer associations for that season. I do not
have genetic information on the bottlenose dolphins that frequent the Beaufort, NC area
at present. Future studies of known individual animals that reveal information about the
genetics and ages of these preferred associates will help contribute to our overall
understanding of the social structure of female dolphins in North Carolina.

The emerging picture of sociality among female bottlenose dolphins is that
associations in North Carolina are generally weak, similar to rates found in Galveston
Bay (Brager et al. 1994), and along the California coast (Weller 1991), typical of larger
populations that exhibit extensive seasonal movements. Females of similar reproductive
state have slightly higher association rates than females of dissimilar reproductive state.
However, North Carolina females do not form bands or cliques found in smaller
populations of resident bottlenose dolphins. Instead, North Carolina females have long-

lasting, preferred associates, with whom they interact, regardless of reproductive state.
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Future examination of genetic linkages between these persistent associates will reveal if

these are related or unrelated individuals.
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Table 3.1: Number of minimum sightings used as criteria for association analysis by
various researchers. Tt- Tursiops truncatus; Ta- Tursiops aduncus.

Author Year Species Sightings Area Study Period
Brager Galveston, ea year 2
et al. 1994 Tt 24 X years
Chilvers and Point Lookout, 2 years
Corkeron 2002 Ta 24 AUS
Moller Port Stephens, 1.5 years
etal. 2006 Ta 26 AUS
Quintana-
Rizzo and Cedar Keys, 1 year
Wells 2001 Tt 10 FL
Rossbach
and Herzing 1999 Tt >15 Grand Bahamas 8 years
Smolker et Shark Bay, each of 5
al. 1992 T sp. >10 AUS years

San Diego, 6 years
Weller 1991 Tt 25 CA

Sarasota Bay, 3.5 years
Wells et al. 1987 Tt >5 FL

Beaufort, any of 10
This Study 2007 Tt =5 NC years
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Table 3.2: Number of female dolphins sighted at least five times during
summer (May-Oct) and winter (Nov-Apr) during 1995-2004.

# of
Years 12 3 456 7 8 9 10 Total
Summer 4 4 3 3 6 4 2 5 1 1 33
Winter 4 2 1 01 0 0 0 0 O 8
All 7 7 356 4513 3 44
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Table 3.3: Mean value CoAs of females for years 1996, 1998-2000, and
2002-2004 when there were a minimum of five females with yoys those
years during summer months, May through October.

Female Class Median Mean Std Dev Records Females

YOY 0.05 0.10 0.04 391 53
Overall
Calf 0.00 0.05 0.03 241 82
Overall
None 0.00 0.06 0.02 404 106
Overall

YOY & Calf 0.00 0.06 0.02 601 128
Overall

YOY & None 0.00 0.07 0.02 822 168
Overall

Calf & None 0.00 0.05 0.01 732 204
Overall

All Overall 0.00 0.05 0.02 1119 256
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Table 3.4: Mean value CoAs for years, 1998-1999, 2000-2001, 2002-2003 and 2003-2004
when there were a minimum of five females with yoys those years, during winter
months, November-April.

Female Class Median Mean Std Dev Records Females
YOY 0.00 0.11 0.08 62 30
Overall
Calf 0.00 0.04 0.05 32 27
Overall
None 0.00 0.02 0.01 72 40
Overall
YOY & Calf 0.00 0.07 0.03 101 59
Overall
YOY & None 0.00 0.04 0.01 137 70
Overall
Calf & None 0.00 0.04 0.02 115 71
Overall
All Overall 0.00 0.05 0.01 173 99
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Table 3.5: Comparisons of CoAs of bottlenose dolphins from different parts of the

world.

Author(s)

Lusseau
et al. 2003

Parsons et al.

2003

Wells et al.

1987

Moller et al.

2006

Eisfeld and
Robinson 2004
Rossbach and
Herzing 1999

Quintana-
Rizzo and
Wells 2001

Brager et al.

1994

Smolker et al.

1992

Weller 1991

Location

Doubtful
Sound, NZ
Bahamas

Sarasota,
FL

Port Stephens,

Australia

Moreton Bay,

Australia
Bahamas

Cedar Key,
FL

Galveston Bay,

Texas

Shark Bay,
Australia

San Diego, CA

Chilversand  Moreton Bay,

Corkeron
2002

Rogers et al.

2004

Caldwell 2001

Fearnbach
2004

Australia

Bahamas

Jacksonville

FL

Virginia Beach,

VA

Type of Pop. #indiv.
analyz.

CoA
HWI

HWI

HWI

HWI

HWI

SR

HWI

HWI

HWI

HWI

HWI

HWI

HWI

HWI

est.
83

107+
367
120
160
182

211

233

236
(200-
1000)
>300

373
550
700-

1000)
937

905

1006

18

29

120

35

19

211

27

>200
core

54

160

48

34

10

18

106

Association
gender
female-female

male-male
female-female
bands
female-female
female- female
female-
female
female with
calves-female

with calves

all
female-female
cliques
all
all
female-female

female-female

female-female

CoA £SD
0.47 (0.05)
0.76 +0.15
at least 0.31
0.12+0.16
0.10+0.03
0.68 +0.27
mostly 0.01-
0.20 but one
pair 0.47, one
pair 0.57
0.19+0.13
0.17+0.12
0.45
0.21
0.05 +0.101
0.31 +0.18

0.19 (0.08)

0.15 (0.05)
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Figure 3.1: Overall association indices for forty-four female bottlenose dolphins
photographed in North Carolina during all months from 1995 to 2004. Pairwise
comparisons=1936, n=1766 records.
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Figure 3.2: Overall association indices for forty-four female bottlenose dolphins
photographed in North Carolina during summer months, May to October, from 1995
to 2004. Pairwise comparisons=1936, n=1456 records.

108



1500

1000 -

500

Number of Pairwise Comparisons

0.2 0.4 0.6 0.8 1 1.2
Association index

Figure 3.3: Association indices for forty-one female bottlenose dolphins
photographed in North Carolina during winter months, from November through
April, 1995 to 2004. Pairwise comparisons=1681, n=310 records.
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Mean Coefficients of Association for Female Dolphins with
Different Aged Offspring

0.12

0.10
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Mean Half-Weight
Coefficient of
Association

Yoys Calves None Yoys&Calves Yoys&None Calves&None Al
Class of Offspring

@ Summer B Winter

Figure 3.4: Mean half weight coefficients of association among females with different
aged offspring or no offspring. Summer months=May-Oct; winter months= Nov-Apr,
only for years when five or more females with young of the year. These years for the
summer months were 1996, 1998, 1999, 2000, 2002, 2003, and 2004, years for the winter
months were: 1996-1997, 1998-1999, 2001-2002, 2002-2003, and 2003-2004.
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Figure 3.5: Cluster analysis of all females during all months, 1995-2004,
using average linkage.
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Figure 3.6: Cluster analysis of all females during summer months, May through
October from 1995-2004, using average linkage.
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Figure 3.7: Cluster analysis showing associations for females photographed during
winter months, November through April, 1995 to 2004, using average linkage.
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Coefficients of Association for Dolphin #75 and Dolphin #401
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Figure 3.8: a, b, c. CoAs of dolphin #’s 75 and 401 (a), CoAs of dolphin #s 75 and 572
(b), and CoAs of dolphin #s 401 and 572 (c). Reproductive state is shown by symbols:
=different reproductive state.
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Synthesis

My research on the seasonality of birth, the length of time between births, and
the associations of female bottlenose dolphins in North Carolina has produced a more
complete picture of their reproductive parameters and social structure than was
previously available. This information will serve as a foundation for additional research
and will contribute to more effective management and a clearer understanding of the
biology of these population units.

Coastal bottlenose dolphins in North Carolina exhibit a strong birth peak in the
spring, with diffuse births occurring during summer months and two smaller peaks in
the fall and winter. The spring birth peak is likely a result of births to dolphins in the
Southern North Carolina Management Unit. These dolphins are primarily estuarine in
North Carolina during summer months, although some animals are occasionally
photographed in the near shore ocean. The smaller fall and winter peaks may represent
births from one or possibly two different management units: the Northern North
Carolina Management Unit or the Northern Migratory Management Unit, or both
(Figure 1.1). Seasonality of reproduction may result from several factors, including prey
availability, water temperature, and reduced presence of predators. Lactation is more
metabolically demanding than pregnancy, and so births must occur during months

when food is adequate for nursing mothers. Atlantic Croaker (Migropogonias undulatus)
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and spot (Leiostoumus xanthurus) contributed a combined total of over 77% of all prey for
estuarine bottlenose dolphins in North Carolina (Gannon 2003). The numerical
proportion of Atlantic croaker peaked in summer, and spot climaxed in fall (Gannon
2003), hence giving birth just before these two important food sources become available
has obvious value to parturient females. The observed reproductive seasonality in
bottlenose dolphins in North Carolina corresponds to Oftedal’s (1984) findings, that if
availability of food is seasonal, females may time their reproduction to coincide with
peak metabolic demands, during mid-lactation.

From 1995-2004, temperatures in Beaufort estuarine waters averaged 21.97°C
during the month of May when most births occurred. Newborn animals may have
greater chances for survival when waters are warm, given their relatively large surface
area to volume ratio. Therefore, offspring born before the warmest months of the year in
North Carolina, June through September (Figure 1.7), would have fewer thermal
challenges. The presence of predators, such as bull sharks (Carcharhinus leucus), during
spring and summer months in estuarine waters (Castro 1993) may pose a threat for
vulnerable offspring.

The most accurate way to determine reproductive seasonality in wild bottlenose
dolphin populations is to estimate birth dates of known females by using focal animal

sampling methods (Whitehead and Mann 2000; Altmann 1974). Repeated observations
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of suspected mothers of newborns can ensure that temporary affiliates are not mistaken
for actual mothers.

The longevity of neonatal characteristics has been described for bottlenose
dolphins in captivity (Cockcroft and Ross 1990), but these features may exhibit varying
durations in different parts of the world (Mann and Smuts 1999; Grellier 2000), and their
longevity has not been described for dolphins from the western North Atlantic.
Improved quantitative evaluation of neonatal characteristics will strengthen our
understanding of reproductive seasonality in wild dolphin populations and will refine
offspring age estimation. The best way to refine estimates of birth seasonality is to
confirm specific neonatal characteristics (Dearolf et al. 2000; Cockcroft and Ross 1990;
McBride and Kritzler 1951; Mead and Potter 1990) for newborns of individually
identifiable female dolphins in the field.

Reproductive parameters such as inter-birth intervals can be used to evaluate the
status and recovery of populations of bottlenose dolphins. By combining these
population parameters with estimates of population size, population growth rates can
be predicted. Inter-birth intervals were approximately 3 years (mean 2.9) in this study,
and the modal inter-birth interval length was two years. These intervals are shorter than
the three- to six-year intervals in Sarasota Bay, Florida (modal interval of five years)
(Scott et al. 1996), the four to six year intervals in Shark Bay, Australia (Connor et al.

1996; Mann and Smuts 1999), and seven to eight years in the Moray Firth, Scotland
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(Grellier et al. 2003). Shorter inter-birth intervals among bottlenose dolphins along the
North Carolina coast may be related to several factors. One possibility is that food may
not be a limiting factor for these animals and thus the females can find adequate prey
during pregnancy and lactation. Common prey items such as croaker (Micropogon
undulatus), weakfish (Cynoscion regalis) and spot (Leiostomus xanthurus) are abundant in
North Carolina estuaries and thus may be relatively easy for these animals to locate and
catch (Gannon and Waples 2004; Fisheries 2006). Commercial catch statistics reveal that
catch rates for Atlantic croaker have remained at more than 10,000,000 Ibs per year from
1997-2006, and catch rates for spot have averaged between 1,000,000 and 3,000,000 Ibs
per year for the same time period, with no evident decline (Fisheries 2006). The fact that
their primary prey may not be limiting suggests that these management units of
dolphins in North Carolina may not be near carrying capacity.

Another possible explanation for shorter birth intervals in North Carolina
bottlenose dolphins than those found in other dolphin communities is that these animals
are exhibiting a density dependent response to former depletion. Many populations
exhibit a density dependent response after suffering natural or anthropogenically
induced population reductions. In response, populations may exhibit increased birth
rates, decreased age of sexual maturity, or higher rates of survival of juveniles and
adults (Fowler 1984). The 1987-88 bottlenose dolphin die-off, attributed to Morbillivirus

(Geraci 1989), involved more than 700 bottlenose dolphin mortalities (Scott et al. 1988).
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The mortalities presumably reduced the density of bottlenose dolphins, but the extent of
the reduction remains unknown. Considering a possible life span of 40-50 years for these
animals, it is entirely possible that some of the females in this study were alive during
the 1987-88 epizootic. The manifestation of a large reduction of animals would have
been an increase in available prey and therefore, perhaps shortened inter-birth intervals
for the remaining animals. Life history data that included inter-birth intervals were not
collected before the die-off, so I can not determine if the intervals found here constitute a
density dependent response. However, the data collected in this study will be useful as a
baseline that may be compared to future inter-birth intervals following natural or
anthropogenic changes.

The mean fecundity rate in NC female bottlenose dolphins was 0.22 for the years
1993-2004, which is higher than the mean fecundity rate, 0.144, in Sarasota Bay, FL for
the years 1980-1987 (Wells and Scott 1990). Mature females without calves were not fully
represented in this study because an adult accompanied by a YOY or calf in three
sightings was one way I determined sex, which may have biased my estimates toward
higher fecundity values.

Eighty-nine calves were born between 1993 and 2004, and of these, 79 survived to
the following year, which results in a first year mortality rate of 0.11. In Sarasota Bay, FL,
young of the year exhibited a minimum annual mortality of 0.189 and an overall

mortality rate range of 0.10 to 0.38 for known animals that were greater than one year
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old (Wells and Scott 1999). Relatively low mortality, as evident in this study, would be
expected from animals experiencing a density dependent response to depletion.
Continued collaboration with the North Carolina stranding network and future genetic
work will enhance my ability to estimate rates of mortalities for different stocks if
genetic material can be obtained from known females and mortalities of individuals
confirmed. In addition, the continuation of this work in future years will increase the
sample size of known females and their offspring, improve estimation of mean
recruitment rates, mortality of additional age classes, and emigration and immigration
rates.

Studying the social structure of animals requires collection of detailed
information on interactions between individuals collected over long periods of time
(Hinde 1976). Because many interactions of bottlenose dolphins occur below the water
surface, the nature of these interactions must be inferred from what is visible to human
observers above the surface. Frequencies of interactions are used to measure the strength
of associations among individual animals. Animals are considered to be associated if
their temporal and behavioral states allow interactions to occur, so associations are used
as a proxy for interactions (Whitehead 1997).

Female bottlenose dolphins in North Carolina exhibit low rates of association
during both summer and winter. These were even lower (mean=0.05) than rates found in

larger populations that exhibit extensive seasonal movement, such as 0.15 off the coast
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of Virginia Beach, Virginia (Fearnbach 2004), and 0.21 in dolphins off the coast of
California (Weller 1991). Bottlenose dolphin females with YOYs have slightly higher
association rates with other females with YOYs but in general, females showed little
preference for females in similar reproductive state. Females in NC did not form bands
or cliques, as found in Sarasota Bay, Florida and Shark Bay, Australia. However, females
did exhibit higher association values with particular “preferred companions” with
whom they associated regardless of reproductive state. These preferred companion
associations were long-term, lasting ten years or more in some instances.

No other study of associations of bottlenose dolphins along the mid-Atlantic
United States has examined long-term associations among females. Researchers
studying associations among dolphins in waters near Virginia Beach, VA; Hilton Head,
SC; and Jacksonville, FL; found relatively low association rates overall (Caldwell 2001;
Fearnbach 2004; Gubbins 2002a).

The association indices found in female bottlenose dolphins in North Carolina
are, though, strikingly low. These low values may be the result of females living in an
area with a large number of potential associates, as well as seasonal mixing of three
different stocks. Perhaps these low indices indicate that these females have only one or
two “preferred associates” with whom they most frequently interact, but a
comparatively large number of animals with whom they occasionally associate due to

their fluid fission-fusion movement patterns and potentially large home ranges. This
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grouping pattern, along with the fact that natal philopatry exists for at least some
members of both sexes in Sarasota Bay, Florida (Wells 2003) means that individual
dolphins beginning at an early age, are formulating relationships that will affect their
future reproduction (Connor 2007). It may be the case that since dolphins may have the
ability to recognize and remember affiliates over long periods of time, they do not need
to regularly associate with the same individuals (Brager et al. 1994). Also, North
Carolina dolphins that have a large home range, with seasonal arrivals and departures
of additional stocks of dolphins, would be prone to having a larger number of low-level
associates. It may be challenging for these females to associate frequently with a group
of regular females in “bands” or “cliques” seen in Sarasota Bay and Shark Bay, in a large

geographic area where a large number of females exist.

Potential biases of results

Describing reproductive seasonality based on strandings data may be biased
early, because calves that are born too early may not survive due either to low
temperatures, or to the lack of adequate prey for lactating females. Alternatively,
reproductive seasonality based on sightings data may be biased late due to a delay in
sighting neonates in the field and the inherent difficulties in discerning newborns from
those animals that are more than one month of age. Estimating the dates of birth of
calves to known females is the most accurate method to discern seasonality, but it is

very difficult to obtain a large sample size. Also, it is not a very precise method since
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there may be a long time period between the time a female is sighted without a neonate
and the first time that season a female is sighted with a neonate.

Calculating adjusted fecundity rates may be biased because determining calf
survival is challenging due to a lack of distinct marks on calves’ dorsal fins, thereby
making individual calf identification difficult. Also, small sample sizes may bias the
estimate. The size of the study area may have negatively biased the rates if births were
missed because they occurred outside the study area. Another source of possible bias is
the possibility of including a disproportionate number of primiparous females, since
50% of calves born to primiparous mothers survived compared to 70% of calves born to
multiparous females (Wells et al. 2005)

Inter-birth interval data may be biased except in extremely long studies (several
decades or more). This study examined intervals over an eleven-year period, and yet it is
likely that I missed longer intervals. Wells (1991b) found that one calf stayed with the
mother for ten years. Barlow and Clapham (1997) found that the detection of longer
birth intervals depend on the length of the study. Another potential bias is that there
may have been ecological or anthropogenic changes within the study period that
temporarily altered these intervals, and only a longer study period would reveal
baseline intervals. The third possible bias is that the study area is relatively small when
compared with the relatively large range of these animals. For instance, the Southern

North Carolina Management Unit ranges from Cape Lookout to northern South
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Carolina, yet most of the survey effort that could have included these animals was
focused in the vicinity of Cape Lookout and in the waters near Wilmington (Figure 1.).

Although sighting data for these dolphin females was collected from different
parts of the North Carolina coast, it is possible that the 52 females are not representative
of North Carolina dolphins, and by surveying a broader region, I would obtain a larger
selection of habitats and possibly different groups of females that use those areas. For
example, I rarely surveyed in the waters of the Neuse River or Pamlico Sound, and
dolphins in these areas may exhibit different reproductive parameters.

Although this study sampled females and calves over an eleven-year period, this
time frame is still relatively short given the life spans of these long-lived animals. Thus,
the duration of this study may also be a potential source of bias. This potential concern
could be investigated comparatively, by sub-sampling life history data from other,
longer-term field studies, such as the Sarasota program. For example, by selecting
multiple time intervals of Sarasota data, one could investigate the effects of different
sampling periods on calculated fecundity rates and inter-birth intervals. This approach
also underlines the importance of long-term data records.

The social association data has similar biases to the previous data. The sample
size of 52 females may have excluded some of these females’ top associates, thereby
negatively biasing the association rates. The study area was relatively small and animals

may exhibit varying association patterns in varying habitats and locations. Not all
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individuals are identifiable in this area. Read et al. (2003) estimated that approximately
46% of the animals present in estuaries, sounds and bays were unmarked. The Half-
Weight Coefficient of Association equation is preferred if not all associates are identified
(Cairns and Schwager 1987). A final bias is that although every attempt was made to
photograph every individual in a group, it was not always possible to do so. Thus,
potential associates could have been present in a group but not recorded as such, which

would have also negatively biased the association rate.

Broader context

North Carolina bottlenose dolphins exhibit a pronounced reproductive
seasonality, short inter-birth intervals, and females have very low association rates.
Compared with bottlenose dolphins in other sites where long-term studies have been
conducted, these results are strikingly different. Sarasota Bay dolphins have a more
diffuse seasonality of birth, longer inter-birth intervals, and higher association rates.
Shark Bay dolphins have a pronounced reproductive seasonality, longer inter-birth
intervals and higher association rates. Dolphins in the Moray Firth, Scotland, exhibit a
pronounced seasonality of birth, have much longer inter-birth intervals, and association
rates are unknown at present (Grellier 2000; Grellier et al. 2003).

Differences in the life history parameters and social associations in North
Carolina female dolphins may be explained by one or more of the following factors:

variations due to latitude, the fact that North Carolina is an area of mixing of at least
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three stocks, and that the number of animals that use this area is comparatively large.
Other possible explanations could include the fact that these animals are near the
northern limit of their geographical range, and have relatively large home ranges with
some seasonal movement within this range. In fact, it is not known why there are these
differences from bottlenose dolphins in other areas, but it is important to establish some
preliminary indices so that future hypotheses relating to these parameters can be tested.
I believe a combination of the above factors is responsible for these differences, and that
the seasonal mixing of stocks is the prime reason for these factors.

Future work could include the genetic testing of female associates to determine if
associations here are based on kinship. In addition, continued investigation of
reproductive seasonality, inter-birth intervals, and survival rates of offspring can be
combined with results from movement patterns and isotope analysis of individual
animals, and will help investigators discern differences in these parameters among the

various stocks that use these waters.

Conservation implications

In recent years, several studies on the behavioral ecology, population biology,
and fisheries interactions of Atlantic coastal bottlenose dolphins have been published
(Blaylock 1988; Jacobs et al. 1993; Barco et al. 1999; Gannon 2003; Gannon and Waples
2004; Gubbins 2002a, 2002b; Read et al. 2003; Thayer et al. 2003; Torres et al. 2003; Torres

et al. 2005; Cox et al. 2003; Friedlaender et al. 2001). During the last decade, there have
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been a large number of graduate theses and dissertations that have focused on
bottlenose dolphins that inhabit the waters of the eastern United States (Fearnbach 2004;
Latusek 2002; Caldwell 2001; Brown 2007; Fleming 2004; Zolman 2002). Yet much
remains to be learned about these animals.

A management plan is needed for bottlenose dolphin along the Atlantic coast of
the United States. In particular, we should be concerned about the effects of
anthropogenic mortality on these small stocks. Eguchi (2003) recommends using
Capture Mark Release (CMR) methods to estimate abundance of these separate stocks
and establish management goals. More effort in assessing and defining these different
management units is needed.

Bottlenose dolphins are one of the best studied cetaceans because they spend so
much time in the close proximity to human activities. This proximity to humans may
benefit us in our increased understanding of these animals, but also has negative
impacts on the dolphins in the form of numerous threats such as fishing, pollution,
habitat alteration, and eco-tourism. Wells et al. (2004), in describing a quantitative health
monitoring system developed for these top predators, has termed dolphins “marine
ecosystem sentinels”. Many populations of bottlenose dolphins around the world are
threatened (IUCN 2007), yet both Tursiops truncatus and Tursiops aduncus are currently
listed as data deficient due partially to the recent confusion in taxonomy (LeDuc et al.

1999).
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The most recent management paradigm for bottlenose dolphins defines seven
management units along the Atlantic coast of the United States (Waring et al. 2006).
Mortality due to anthropogenic causes, such as by-catch in certain fisheries, is
unacceptably high for some of these management units (Waring et al. 2006). Estimating
recovery of a population from a die-off depends on several factors, including
anthropogenic mortality rates, birth rates and natural mortality rates. The social
structure and behavior of bottlenose dolphins is not only important in discerning the
environmental impacts of human presence, but also is essential to the conservation of
these animals (Connor et al. 2000). Results from this study will serve as important

baseline information for this population of dolphins.
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Appendix 1: Number of sightings per dolphin female, including means, standard
deviations and variances for 1993-2004. St # = includes sightings from year dolphin
first photographed.

Dol St 93 94 95 96 97 98 99 00 01 02 03 04 Tot mean stdev var
42 20 0 1 3 0 2 8 4 2 0 0 0 0 20 1.67 242 5.88
75 162 6 8 15 22 19 12 14 7 17 16 15 158 13.17 520 27.06
80 138 8 6 10 11 12 25 20 14 3 14 6 134 1117 644 41.42
105 63 5 6 2 5 12 1 8 6 2 2 62 517 3.13 9.79
126 46 0o 0 0 0 6 6 5 3 9 10 45 3.75 3.55 12.57
129 50 0o 4 6 7 15 3 0 0 0 0 51 4.25 4.75 22.57
282 77 3 3 10 8 6 11 8 5 2 5 5 8 74 617 2.86 8.15
401 122 2 1 6 10 15 20 10 7 8 12 21 10 122 1017 6.21 38.52
454 43 0 1 3 2 7 5 2 5 1 3 9 3 4 342 2.64 6.99
553 27 0o 0 5 4 5 2 1 2 0 1 25 208 1.93 3.72
572 110 1 2 3 10 10 13 9 9 8 11 16 6 98 817 449 20.15
655 73 2 2 13 9 8 6 2 3 3 1 65 5.42 3.78 14.27
789 59 1 2 4 11 5 6 2 4 5 2 5 53 442 2.68 7.17
863 17 o 0 2 0 3 2 3 3 0 3 0 16 1.33 1.44 2.06
865 83 2 1 3 7 11 17 9 4 1 5 12 3 75 6.25 5.05 25.48
870 77 0o 3 5 8 19 5 10 1 12 2 6 74 617 541 29.24
1010 83 1 4 14 11 13 12 8 4 8 1 1 83 692 4.81 23.17
1018 91 3 4 7 10 5 12 15 6 5 7 6 7 8 725 347 12.02
1185 34 0 1 3 5 3 3 0 0 9 2 2 31 2.58 2.54 6.45
1274 51 1 3 4 6 6 5 3 0 7 6 3 47 392 2.15 4.63
1291 70 o 0 6 10 12 6 6 8 5 4 5 5 67 558 348 12.08
1382 28 0o 0 6 2 1 2 0 4 2 1 6 3 27 225 2.14 4.57
1726 54 o 0 O 3 5 5 4 3 11 4 12 5 52 433 3.87 14.97
1988 25 o 0 0 o0 5 1 2 5 1 2 5 2 23 1.92 2.02 4.08
2003 33 o 0 o0 2 2 4 2 2 2 4 6 7 31 2.58 227 517
2209 19 o 0 0O o0 0 6 1 o0 2 2 2 5 18 1.50 2.07 427
2319 61 o 3 7 5 4 9 10 2 1 1 3 2 57 475 3.67 13.48
2533 58 o 0 o0 2 8 4 13 10 4 9 4 2 56 467 4.36 18.97
2790 29 o 0 O o 4 5 6 4 0 8 1 1 29 242 2.84 8.08
2864 45 o 0 O O 4 9 1 4 4 13 5 5 45 3.75 4.05 16.39
FB403 17 o 0 O O o0 0 0 5 1 3 5 3 17 142 2.02 4.08
FB405 5 o 0 o0 o 0 0 1 1 0o 0 3 0 5 0.42 0.90 0.81
FB407 1 o 0 o0 o 0 0 1 0o o0 o0 o0 0 1 0.08 0.29 0.08
FB409 22 0 1 0o 0 1 3 5 4 1 1 2 4 22 1.83 1.75 3.06
FB411 13 o 0 2 1 2 0 1 2 1 1 3 0 13 1.08 1.00 0.99
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Appendix 2: Reproductive histories of females. Y= Female photographed with YOY;
C=Female with calf; 0= Female without calf; Blank= Female not photographed that
year: D= Female stranded dead that year. No sightings during 1986 or 1988. Raw
F*=Allowing one skipped year. Raw F**= Allowing no skipped years.

Yr 85 87 89 90 91 92 93 94 95 96 97 98 929 00 01 02 03 04 Yrs Yoy F* F**
Dol

42 Y C Y C 0 5 2 0.40 0.25
75 C 0 0 0 0 C C Y C C Y C C Y C Y 18 5 0.38 0.38
80 C C 0 0 Y C C 0 Y C Y 14 4 0.28 0.28
105 Y C C Y C Y C C C 12 4 0.33 0.33
126 Y C 0 0 C C C Y 10 3 0.12 0.12
129 Y C C Y 4 2 0.50 0.50
282 C 0 C C C C Y C C C 0 Y 13 2 0.15 0.15
401 C Y C C C Y C 9 2 0.22 0.22
454 C C Y C 0 C C 10 1 0.10 0.10
553 C 0 0 0 0 0 0 C Y C 10 1 0.33 0.50
572 Y C 0 C C Y C C C C 0 Y C Y C 15 4 0.20 0.20
655 Y C Y C C C C C 10 3 0.30 0.30
789 C C C C C C C C C C C C Y 0 15 1 0.07 0.07
863 C C 0 Y C C 7 1 0.17 0.25
865 C Y C Y C C C C Y 11 3 0.27 0.27
870 C C Y C Y C Y C 12 5 0.42 0.42
1010 C 0 C Y C C C 0 0 12 3 0.25 0.25
1018 Y C C 0 0 0 7 1 0.14 0.14
1185 C 0 C C C C C 8 0

1274 Y C 0 C C 0 0 C C 0 Y C 12 2 0.17 0.33
1291 C 0 0 0 C C C C 8 0

1382 C C 0 0 C 0 0 Y C 9 1 0.11 0.20
1726 Y C Y C 4 2 0.50 0.50
1988 C 0 0 Y 0 C C C 9 1 0.11 0.11
2003 Y 0 2 1 0.50 0.50
2209 C C 0 C C Y 7 1 0.14 0.14
2319 Y C C C 0 Y C C 11 4 0.36 0.36
2533 0 0 C C C 7 2 0.29 0.29
2790 C C 3 0

2864 C C Y 0 Y 5 2 0.40 0.40
FB

403 0 C C C 4 0

FB

405 C C C 3 0

FB

407 0 1 0

FB

409 0 C 0 C C 0 C Y C 9 1 0.13 0.13
FB

411 0 0 0 0 Y C C C 8 1 0.25 0.25
FB

413 0 C 2 0
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Appendix 3: Half-Weight CoA means, medians and standard deviations for summer
months (May through October) from 1995-2004 for female dolphins with yoys, calves,
no offspring, and combinations of these classes Y=YOY, C=calf, N=no offspring,.

Year Median Mean Stdev Records Fem Year Median Mean Stdev Records Fem

1995 Y 0.00 0.08 0.13 13 3 1996 Y 0.00 0.05 0.08 53 7
C 0.00 0.07 0.19 42 12 C 0.00 0.02 0.11 33 15
N 0.00 0.08 0.11 105 19 N 0.00 0.06 0.10 110 21
Y&C 0.00 0.08 0.18 55 15 Y&C 0.00 0.03 0.09 86 22
Y&N 0.00 0.08 0.12 118 22 Y&N 0.00 0.05 0.09 163 28
C&N 0.00 0.08 0.15 147 31 C&N 0.00 0.03 0.09 143 36
All 0.00 0.08 0.15 160 34 All 0.00 0.03 0.09 196 43
1997 Y 0.00 0.00 0.00 24 3 1998 Y 0.08 0.12 0.14 109 12
C 0.00 0.04 0.10 61 16 C 0.00 0.02 0.09 50 16
N 0.00 0.06 0.12 107 24 N 0.00 0.04 0.11 107 24
Y&C 0.00 0.04 0.09 159 28 Y&C 0.00 0.05 0.11 159 28
Y&N 0.00 0.06 0.12 216 36 Y&N 0.00 0.05 0.11 216 36
C&N 0.00 0.05 0.10 157 40 C&N 0.00 0.05 0.11 157 40
All 0.00 0.05 0.10 266 52 All 0.00 0.04 0.10 266 52
1999 Y 0.07 0.12 0.15 37 5 2000 Y 0.13 0.12 0.13 41 6
C 0.00 0.05 0.10 53 14 C 0.00 0.12 0.21 30 11
N 0.00 0.06 0.14 77 20 N 0.00 0.07 0.14 52 15
Y&C 0.00 0.06 0.11 97 21 Y&C 0.00 0.10 0.16 71 17
Y&N 0.00 0.06 0.13 121 27 Y&N 0.00 0.08 0.14 93 21
C&N 0.00 0.06 0.11 137 36 C&N 0.00 0.06 0.14 82 26
All 0.00 0.06 0.12 174 41 All 0.00 0.07 0.14 123 32
2001Y 0.00 0.00 0.00 8 2 2002 Y 0.11 0.12 0.13 38 6
C 0.00 0.05 0.12 24 8 C 0.00 0.03 0.12 33 14
N 0.00 0.04 0.15 20 8 N 0.00 0.08 0.13 20 8
Y&C 0.00 0.07 0.13 32 10 Y&C 0.00 0.05 0.13 32 10
Y&N 0.00 0.04 0.13 28 10 Y&N 0.00 0.10 0.14 77 20
C&N 0.00 0.04 0.12 44 16 C&N 0.00 0.04 0.12 77 25
All 0.00 0.04 0.12 52 18 All 0.00 0.06 0.13 115 31

2003 Y 0.09 0.14 0.16 71 10 2004 Y 0.00 0.05 0.09 42

C 0.00 0.05 0.13 24 7 C 0.00 0.05 0.12 18

N 0.00 0.05 0.21 20 12 N 0.00 0.08 0.22 18
Y&C 0.00 0.07 0.13 95 17 Y&C 0.00 0.05 0.09 61 13
Y&N 0.00 0.07 0.17 91 22 Y&N 0.00 0.06 0.16 61 14
C&N 0.00 0.04 0.16 44 19 C&N 0.00 0.05 0.15 37 12
All 0.00 0.05 0.14 115 29 All 0.05 0.08 0.22 79 19
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1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

Yoy
Yoy
Yoy
Yoy
Yoy
Yoy
Yoy
Yoy
Yoy
Yoy
YOY Overall
Calf
Calf
Calf
Calf
Calf
Calf
Calf
Calf
Calf
Calf
Calf Overall
None
None
None
None
None
None
None
None
None
None
None Overall
Yoy&Calf
Yoy&Calf
Yoy&Calf
Yoy&Calf
Yoy&Calf
Yoy&Calf
Yoy&Calf
Yoy&Calf
Yoy&Calf
Yoy&Calf
Yoy&Calf Overall

Median
0.00
0.00
0.00
0.08
0.07
0.13
0.00
0.11
0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Mean
0.08
0.05
0.00
0.12
0.12
0.12
0.00
0.12
0.14
0.05
0.08
0.07
0.02
0.04
0.02
0.05
0.12
0.05
0.03
0.05
0.05
0.04
0.08
0.06
0.06
0.04
0.06
0.07
0.04
0.08
0.05
0.08
0.06
0.08
0.03
0.04
0.05
0.06
0.10
0.07
0.05
0.07
0.05
0.05
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Stdev
0.13
0.08
0.00
0.14
0.15
0.13
0.00
0.13
0.16
0.09
0.10
0.19
0.11
0.10
0.09
0.10
0.21
0.12
0.12
0.13
0.12
0.12
0.11
0.10
0.12
0.11
0.14
0.14
0.15
0.13
0.21
0.22
0.12
0.18
0.09
0.09
0.11
0.11
0.16
0.13
0.13
0.13
0.09
0.12

Records
13
53
24
109
37
41
8
38
71
42

42
33
61
50
53
30
24
33
24
18

105
110
107
107
77
52
20
20
20
18

55
86
159
159
97
71
32
32
95
61

Fem

12

10

12
15
16
16
14
11

14

19
21
24
24
20
15

12

15
22
28
28
21
17
10
10
17
13



1995
1996
1997
1998
2000
2001
2002
2003
2004

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

Yoy&Calf Overall
Yoy&None
Yoy&None
Yoy&None
Yoy&None
Yoy&None
Yoy&None
Yoy&None
Yoy&None
Yoy&None

Yoy&None Overall
Calf& None
Calf& None
Calfé& None
Calfé& None
Calf& None
Calfé& None
Calfé& None
Calf& None
Calfé& None
Calf& None

Calf&None Overall

All
All
All
All
All
All
All
All
All
All
All Overall

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.05
0.00

0.05
0.08
0.05
0.06
0.05
0.08
0.04
0.10
0.07
0.06
0.06
0.08
0.03
0.05
0.05
0.06
0.06
0.04
0.04
0.04
0.05
0.05
0.08
0.03
0.05
0.04
0.06
0.06
0.04
0.06
0.05
0.08
0.06
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163
216
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196
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266
174
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115
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36
36
21
10
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36
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36
16
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19
12

34
43
39
52
41
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31
29
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Appendix 4: Half-Weight Coefficient of Association means, medians and standard
deviations during winter months (November- April) from 1995-2004, for female
dolphins with yoys, females with calves, females with no offspring, and
combinations of these classes.

Median Mean Stdev Rec Fem Median Mean Stdev Rec Fem
9596 Y 0.00 0.00 0.00 1 1 96-97Y 0.00 0.00 0.00 7 5
C 0.00 0.00 0.00 8 6 C 0.00 0.00 0.00 3 3
N 0.00 0.06 0.16 20 9 N 0.00 0.04 0.12 14 8
Y& C 0.00 0.00 0.00 9 7 Y& C 0.00 0.02 0.09 10 8
Y&N 0.00 0.05 0.15 21 10 Y&N 0.00 0.03 0.13 17 11
C&N 0.00 0.04 0.15 28 15 C&N 0.00 0.05 0.16 21 13
All 0.00 0.02 0.13 29 16 All 0.00 0.03 0.15 24 16
9798Y  0.00 0.00 0.00 4 2 98-99Y 0.00 0.22 0.26 18 9
C 0.00 0.04 0.16 22 11 C 0.00 0.00 0.00 9 8
N 0.00 0.02 0.13 33 15 N 0.00 0.02 0.11 25 14
Y& C 0.00 0.04 0.15 26 13 Y& C 0.00 0.07 0.20 27 17
Y&N 0.00 0.02 0.12 37 17 Y&N 0.00 0.05 0.16 43 23
C&N 0.00 0.03 0.15 55 26 C&N 0.00 0.02 0.13 34 22
All 0.00 0.03 0.14 59 28 All 0.00 0.04 0.17 52 31
99-00Y 0.00 0.10 0.22 0 0 00-01Y 0.00 0.00 0.00 2 1
C 0.00 0.00 0.00 8 6 C 0.00 0.00 0.00 10 4
N 0.00 0.07 0.17 13 9 N 0.00 0.07 0.17 20 6
Y& C 0.00 0.00 0.00 8 6 Y& C 0.00 0.00 0.00 12 5
Y&N 0.00 0.08 0.18 13 9 Y&N 0.00 0.08 0.18 22 7
C&N 0.00 0.07 0.17 21 15 C&N 0.00 0.07 0.17 30 10
All 0.00 0.05 0.16 21 15 All 0.00 0.05 0.16 32 11
01-02Y 0.00 0.10 0.22 14 5 02-03Y 0.00 0.10 0.22 10 5
C 0.00 0.07 0.26 9 8 C 0.00 0.11 0.23 9 6
N 0.00 0.00 0.00 9 7 N 0.00 0.03 0.13 11 6
Y& C 0.00 0.07 0.22 23 13 Y& C 0.00 0.11 0.24 19 11
Y &N 0.00 0.05 0.15 23 12 Y&N 0.00 0.05 0.15 21 11
C&N  0.00 0.03 0.18 18 15 C&N 0.00 0.06 0.17 20 12
All 0.00 0.05 0.17 32 20 All 0.00 0.07 0.19 30 17
03-04Y 0.00 0.11 027 13 6
C 0.00 0.00 0.00 2 2
N 0.00 0.03 0.10 13 5
Y&C 0.00 0.06 0.19 22 10
Y &N 0.00 0.04 0.15 33 13
C&N  0.00 0.02 0.08 22 9
All 0.00 0.05 0.15 35 15
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Appendix 5: Results of mantel tests on classes of female dolphins with yoys, calves
and no offspring combinations for summer months, May through October.

May - Oct With- |Between | With- | Between | With- | Between | With | Between
in in in -in
Females & Yoys | Females & Yoys | Females & Calves | All Females
1996 & Females & & Females & No | Females with (n=43)
Calves (n=22) Offspring (n=28) | No Offspring
(n=36)
0.03 0.03 0.05 0.04 0.04 0.02 0.04 | 0.03
(0.03) (0.02) | (0.03) | (0.03) (0.04) | (0.02) (0.04) | (0.02)
Mantel t -0.39873 1.246 2.4661** 2.2209**
value
P value 0.034505 0.89362 0.99317** 0.98682**
(analytical
approxi-
mation)
P value 0.328 0.886 0.988** 0.969**
(with 1000
permuta-
tions)
Matrix -0.026932 0.093278 0.09858** 0.081143**
correlation
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May - Oct With- | Between | With- | Between | With- | Between | With- | Between
in in in in
Females& Yoys | Females & Yoys | Females & Calveqy All Females
1997 & Females & & Females & No | Females with (n=39)
Calves (n=19) Offspring (n=23) | No Offspring
(n=36)
0.04 0.02 0.06 0.06 0.05 0.04 0.05 0.04
(0.03) | (0.04) | (0.03) | (0.05) (0.03) | (0.03) (0.03) | (0.03)
Mantel t value 0.9624 -0.01581 1.19 1.3895
P value 0.83208 0.49369 0.88297 0.91765
(analytical
approximation
P value 0.823 0.494 0.885 0.929
(with 1000
permutations)
Matrix 0.093243 0.0011509 0.046932 0.054366
correlation
May - Oct With- | Between | With- | Between | With- | Between | With- | Between
in in in in
Females& Yoys | Females & Yoys § Females & Calveq All Females
1998 & Females & Females & No & Females with | (n=52)
Calves (n=28) Offspring (n=36) | No Offspring
(n=40)
0.06 0.04 0.07 0.05 0.03 0.02 0.05 0.03
(0.07) | (0.03) (0.06) | (0.04) (0.03) | (0.02) (0.05) | (0.02)
Mantel t value 0.94637 0.80393 1.933 1.8664
P value 0.82802 0.78928 0.97338 0.96901
(analytical
approximation
P value 0.805 0.804 0.962 0.96
(with 1000
permutations)
Matrix 0.047549 0.037885 0.070175 0.054426
correlation
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May - Oct With- | Between | With- | Between | With- | Between | With- | Between
in in in in
Females & Yoys | Females & Yoys | Females & All Females
2000 & Females & & Females & Calves & (n=32)
Calves (n=17) No Offspring Females with
(n=21) No Offspring
(n=26)
0.12 | 0.07 0.08 0.09 0.09 0.04 0.10 0.06
(0.10) | (0.05) (0.06) | (0.07) (0.09) | (0.05) (0.08) | (0.05)
Mantel t value 1.6935 -0.53504 2.6527** 1.9103
P value 0.95482 0.29631 0.99601** 0.97195
(analytical
approximation)
P value 0.93 0.319 0.981** 0.96
(with 1000
permutations)
Matrix 0.15913 -0.045996 0.14223** 0.092053
correlation
May - Oct With- | Between | With- | Between | With- | Between | With- | Between
in in in in
2002 Females & Yoys | Females & Yoys | Females & All Females
& Females & & Females & Calves & (n=31)
Calves (n=20) No Offspring Females with No
(n=17) Offspring (n=25)
0.06 | 0.06 0.09 0.11 0.05 | 0.03 0.07 0.05
(0.06) | (0.05) (0.06) | (0.08) (0.05) | (0.05) (0.06) | (0.05)
Mantel t value -0.70138 -0.67482 1.2196 0.024383
P value 0.24153 0.2499 0.8887 0.50973
(analytical
approximation)
P value 0.256 0.255 0.888 0.545
(with 1000
permutations)
Matrix -0.052772 -0.064313 0.068784 0.0011636
correlation

141




May - Oct With- | Between | With- | Between | With- | Between | With- | Between
in in in in
2003 Females & Yoys | Females & Yoys | Females & All Females
& Females & & Females & Calves & (n=29)
Calves (n=17) No Offspring Females with No
(n=22) Offspring (n=19)
0.10 0.03 0.09 0.05 0.05 0.03 0.08 0.04
(0.08) | (0.03) |(0.09) |(0.04) (0.07) (0.06) (0.08) | (0.03)
Mantel t value 3.7391** 1.6413 0.91211 2.7422%
P value 0.99991** 0.94963 0.81915 0.99695**
(analytical
approximation)
P value 0.999** 0.927 0.802 0.99%*
(with 1000
permutations)
Matrix 0.31086** 0.10664 0.07063 0.13577**
correlation
May - Oct With- | Between | With- | Between | With- | Between | With- | Between
in in in in
Females & Yoys | Females & Yoys | Females & All Females
2004 & Females & & Females & Calves & (n=19)
Calves (n=12) No Offspring Females with
(n=14) No Offspring
(n=12)
0.05 | 0.05 0.06 0.07 0.06 0.05 0.06 0.05
(0.05) | (0.03) (0.07) | (0.04) (0.07) (0.05) | (0.06) | (0.03)
Mantel t value 0.30922 -0.23655 0.25011 1.8706
P value 0.62142 0.4065 0.59875 0.57419
(analytical
approximation)
P value 0.64 0.453 0.603 0.633
(with 1000
permutations)
Matrix 0.03548 -0.024812 0.031 0.014207
correlation
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Appendix 6: Results of mantel tests, on classes of female dolphins with yoys,

calves and no offspring combinations for winter months November through April.

Nov - Apr With- |Between| With- | Between | With- | Betwee |With- |Between
in in in |n in
Females & Females & Females & All Females
1998-1999 Yoys & Yoys & Females | Calves & (n=31)
Females & & No Offspring | Females with
Calves (n=19) | (n=25) No Offspring
(n=24)
0.10 0.05 0.09 0.03 0.03 0.03 | 0.07 0.04
(0.13) | (0.06) | (0.12) | (0.04) | (0.06) | (0.04) [ (0.11 | (0.05)
)
Mantel t value 2.0039 1.9956 0.075648 1.1397
P value 0.97746 0.97701 0.53015 0.87279
(analytical
approximation)
P value 0.952 0.961 0.539 0.884
(with 1000
permutations)
Matrix 0.14327 0.11737 0.0045726 0.057367
correlation
Nov - Apr  |With- Between| With- |Between| With |Between | With |Between
in in -in -in
Females & Females & Females & All Females
2001-2002 Yoys & Yoys & Calves & (n=20)
Females & Females & No | Females with
Calves Offspring No Offspring
(n=13) (n=12) (n=15)
0.08 |0.07 |0.04 |0.06 0.04 | 0.02 0.05 0.05
(0.09) | (0.09) | (0.08) | (0.07) [ (0.07) | (0.05) (0.08) | (0.06)
Mantel t value 0.17918 -0.87794 0.54356 0.085845
P value 0.5711 0.18999 0.70663 0.53421
(analytical
approximation)
P value 0.583 0.159 0.675 0.571
(with 1000
permutations)
Matrix 0.020322 -0.10742 0.052114 0.0060253
correlation
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Nov - Apr With- |Between | With- |Between | With- | Between | With [Between
in in in -in
Females & Females & Females & All
2002-2003 | Yoys & Yoys & Calves & Females
Females & Females & Females (n=17)
Calves No with No
(n=11) Offspring Offspring
(n=11) (n=12)
0.11 0.11 0.06 0.04 0.07 0.05 0.06 0.06
(0.08) | (0.10) (0.09) | (0.08) (0.07) | (0.07) (0.10) | (0.10)
Mantel t -0.1042 0.39503 0.6113 0.29542
value
P value 0.4585 0.65359 0.7295 0.61616
(analytical
approxima-
tion)
P value 0.472 0.583 0.697 0.667
(with 1000
permuta-
tions)
Matrix -0.014105 0.050958 0.075762 0.034498
correlation
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Nov - Apr [With [Between [With Between |With Between [With | Between
-in -in -in -in
Females & Females & Females & All Females
2003-2004 Yoys & Yoys & Calves & (n=15)
Females & Females & Females with
Calves No No
(n=15) Offspring Offspring
(n=13) (n=9)
0.07 0.04 0.06 0.03 0.02 0.01 0.06 0.4
(0.08) | (0.07) | (0.07) (0.04) |(0.04) (0.03) |(0.07) (0.05)
Mantel t value 1.0225 1.3256 0.4913 1.0905
P value 0.84673 0.90752 0.68839 0.86226
(analytical
approxima-
tion)
P value 0.833 0.893 0.468 0.855
(with 1000
permuta-
tions)
Matrix 0.15129 0.15139 0.085749 0.1073
correlation

145




Appendix 7: CoAs of female dolphin pairs and reproductive state during summer

months for years when >5 sightings per female.
Dolphin | Dolphin | Year | Half- | Dolphin Dolphin Number Similar
A B Wt. A B Sightings Reprod
CoA | Offspring | Offspring State?
80 865 1996 0.67 none YOY 18 No
80 865 2002 0.53 YOY calf 15 No
80 865 1999 0.46 calf calf 26 Yes
80 865 2003 0.40 calf YOY 15 No
80 865 1997 0.36 none calf 22 No
80 870 1998 0.50 YOY YOY 39 Yes
80 870 2000 0.48 calf YOY 22 No
80 870 2002 0.32 YOY YOY 19 Yes
80 870 1999 0.26 calf calf 24 Yes
80 870 1995 0.15 calf calf 13 Yes
80 870 1997 0.00 none calf 20 No
80 1018  [2000 0.53 calf calf 19 Yes
80 1018  [1999 0.50 calf YOY 32 No
80 1018 12002 0.47 YOY none 17 No
80 1018  [1995 0.40 calf calf 15 Yes
80 1018 1997 0.35 none none 17 Yes
80 1018  [1998 0.29 YOY calf 31 No
80 1018  [2003 0.18 calf calf 11 Yes
865 870 1998 0.48 YOY YOY 39 Yes
865 870 2002 0.43 calf YOY 21 No
865 870 1997 0.11 calf calf 18 Yes
865 870 1999 0.00 calf calf 14 Yes
865 1018  [2003 0.50 YOY calf 16 No
865 1018  [1999 0.45 calf YOY 24 No
865 1018 2002 0.33 calf none 12 No
865 1018 [1998 0.32 YOY calf 25 No
865 1018 1997 0.00 calf none 15 No
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870 1018 2004 0.46 YOY none 13 No
870 1018 2000 0.43 YOY calf 16 No
870 1018 1995 0.33 calf calf 12 Yes
870 1018 2002 0.25 YOY none 12 No
870 1018 1999 0.21 calf YOY 20 No
870 1018 1997 0.15 calf none 13 No
870 1018 1998 0.00 YOY calf 26 No
1010 2319 2002 0.57 YOY YOY 21 Yes
1010 2319 2001 0.56 calf calf 18 Yes
1010 2319 1995 0.50 calf YOY 20 No
1010 2319 1996 0.36 YOY calf 11 No
1010 2319 2002 0.13 calf YOY 15 No
282 655 1995 0.52 calf calf 23 Yes
282 655 1999 0.43 YOY calf 14 No
282 655 1997 0.31 calf calf 14 Yes
282 655 2003 0.17 none calf 13 No
282 655 1996 0.11 calf YOY 19 No
282 655 1998 0.00 calf YOY 14 No
282 655 2004 0.00 YOY calf 8 No
FB417 FB719 |1998 0.59 YOY YOY 17 Yes
FB417 FB719 |2000 0.56 calf YOY 18 No
FB417 FB719 |1995 0.00 YOY YOY 19 Yes
FB715 FB727 |1998 0.86 calf YOY 15 No
FB715 FB727 |1996 0.14 YOY YOY 14 Yes
FB715 FB727 |1997 0.00 calf calf 5 Yes
FB715 FB727 |2000 0.00 calf calf 5 Yes
2533 2790 1999 0.57 none none 15 Yes
2533 2790 2002 0.36 calf calf 11 Yes
789 FB711 1996 0.33 calf calf 6 Yes
126 FB717 |1997 0.4 YOY calf 5 No
Mean CoA same repro 0.32 36
state
Mean CoA diff repro 0.30 49

state
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