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THE EFFECT OF PHOTOPERIOD ON THE MIGRATORY HABITS OF THE FLORIDA 
MANATEE 

 
Chelsea A. Bohaty and A. Quinton White 
 
Jacksonville University, Jacksonville, Florida 
 
The Florida manatee (Trichechus manatus latirostris) is thought to use seasonal shifts 
in water temperature as a cue for migration. However, recorded patterns of manatee 
movement in Duval County suggest that the seasonal change in visible light during a 
day may also affect migration habits. Data recorded in the St Johns River (SJR) in 
Duval County show migratory manatee movement out of the area while local water 
temperatures are still increasing. A lag of 70 days was calculated between peak 
manatee numbers and peak water temperature in the SJR, suggesting an alternative 
migration trigger for Duval County manatees. Statistically significant correlation 
(p=0.0001) was found between the hours of daylight and the number of manatees in the 
SJR, with a correlation coefficient (r=0.818). Statewide data suggest that seasonal 
movement of manatees in northeastern Florida are more strongly influenced by 
changing day length than manatees in more southern locations such as Blue Springs, 
Tampa, and Sarasota. These more southern locations showed statistical significance 
between hours of sunlight and manatee numbers (p=0.0008, p=0.004, and p=0.028 
respectively), however there were lower associated correlation values (r= -0.699, r= -
0.575, and r= 0.385 respectively). Note that negative correlative values indicate 
manatee wintering zones, which have opposite correlation from summer zones. 
Although Florida manatee populations are increasing, there are still dangers to their 
survival. Despite the policies that have been put in place to help prevent watercraft 
collisions, many incidents are still recorded yearly. It is imperative that the migration 
habits of the Florida Manatee are well understood in order to maintain effective policies 
and laws that prevent negative impact on population numbers. 
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THE EFFECT OF A MASS MORTALITY EVENT ON BOTTLENOSE DOLPHIN 
(TURSIOPS TRUNCATUS) SOCIAL STRUCTURE AND MALE MATING 

STRATEGIES IN THE INDIAN RIVER LAGOON, FLORIDA 
 
K. Brightwell1, M. Mazzoil2, E. M. Titcomb2, and Q. Gibson1 

 
1Department of Biology, University of North Florida 2Marine Mammal Research and 
Conservation Program, Harbor Branch Oceanographic Institute at Florida Atlantic 
University 
 
Environmental disturbances may influence an individual’s sociality, which consequently 
affects the social structure of the population. This study assesses the impact of a 
cetacean morbillivirus (CeMV) epizootic on the social structure of Indian River Lagoon 
(IRL; Florida) bottlenose dolphins. Photo-identification surveys were conducted from 
January 2002 to December 2013. Sighting histories were split before and after a 2008 
CeMV event. Analyses were limited to complete sightings and individuals sighted 10+ 
times. Individuals were categorized as female (FEM), male (MAL), or unknown sex 
(UNK). Pre-CeMV (January 2002 – December 2007) 320 individual dolphins met these 
criteria (FEM=159; MAL=68; UNK=93), while 258 individuals met the criteria post-CeMV 
(January 2008 – December 2013; FEM=129; MAL=51; UNK=78). Half-weight indices 
(HWI), a test for preferred and avoided associations, and a Mantel test were calculated 
using SOCPROG 2.7. For both datasets, the overall population interacted non-randomly 
(Mantel test, p=1.00), with low mean levels of association between all individuals pre- 
and post-CeMV (s=0.01±0.03). Within-sex bonds were significantly stronger than 
between-sex bonds, and FEMs had significantly lower mean top associations than 
MALs and UNKs. Mean top associations decreased for FEM-FEM bonds post-CeMV 
(=0.20±0.08, 0.18±0.11; p<0.05), whereas MAL-MAL and UNK-UNK top associations 
were more consistent between datasets (MAL-MAL: =0.30±0.26, 0.30±0.25, p=0.07; 
UNK-UNK: =0.27±0.21, 0.27±0.25, p=0.38). Eight MAL/UNK individuals pre-CeMV and 
14 MAL/UNK individuals post-CeMV met the criteria for first-order alliance status 
(HWI≥0.8) within four and seven dyads, respectively. There were low levels of 
association between several alliances; however, none of the alliances met the second-
order alliance criteria (HWI≥0.20). These results suggest alliance formation is an 
alternative mating strategy within the IRL. Although some changes to the IRL social 
structure occurred, these results illustrate the overall social plasticity of IRL bottlenose 
dolphins.   
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HUMPBACK WHALE (MEGAPTERA NOVAEANGLIAE) SIGHTINGS IN THE NEW 
YORK-NEW JERSEY HARBOR ESTUARY 

 
D. M. Brown1, J. Robbins, P. L. Sieswerda3, R. Schoelkopf4, E. C. M. Parsons1 

 
1Department of Environmental Science and Policy, George Mason University, 4400 
University Boulevard, Fairfax, VA, USA. 2Center for Coastal Studies, Provincetown, MA, 
USA. 3Gotham Whale, Staten Island, New York, USA. 4Marine Mammal Stranding 
Center, Brigantine, NJ, USA. 
 
There have been recent sightings of humpback whales in the New York-New Jersey 
harbor estuary, where their occurrence has historically been sporadic and infrequent. 
Within this area lies the city of New York and one of the most highly urbanized habitats 
on the East Coast of the United States. Using opportunistic vessel-based surveys and 
an analysis of anecdotal reports, this study found forty-six sightings between 2011 and 
2016 inside the Estuary. The majority of those sightings were recorded between 2014 
and 2016, suggesting that this is a recent phenomenon. Sightings occurred primarily 
during the summer and fall (July-Dec), and whales were often seen feeding in and 
around major shipping channels. Overlap with anthropogenic activities, such as vessel 
traffic, presents a risk to both humans and whales. Future research is necessary to 
identify the driving forces behind humpback whale sightings in the New York-New 
Jersey harbor estuary. If sightings are on an increasing trend, then proactive 
management plans may be necessary to mitigate potential anthropogenic conflicts. The 
above sighting data will be presented and described in greater detail, including an 
overview of potential threats. Preliminary results of photographic matching efforts will 
also be discussed.  
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SPECIATION OF NORTH ATLANTIC MARINE MAMMALS THROUGH ANCIENT 
DNA ANALYSIS 

 
Tori K. Carlson, Kacie R. Fraser, Kelly S. Grisedale, Ph.D., Vicki E. Szabo, Ph.D. 
 
Western Carolina University. 1 University Drive, Cullowhee, NC 28723 
 
To gain a better understanding of the distribution and abundance of species of ancient 
marine mammals in the North Atlantic, DNA barcoding was employed for species 
classification of ancient bone samples in the absence of sufficient morphological 
data.  In this study, twelve unknown ancient whale and seal bone samples from Faroe 
Islands and Iceland, as well as known samples from a narwhal tusk, a harp seal tibia, 
and several different species of whale tissue were analyzed.  Extracted DNA was 
amplified with primers designed to target a short segment of the cytochrome c oxidase 
subunit I (COI) gene.  This gene was chosen because it is highly conserved across all 
living organisms from microorganisms to macro-organisms. PCR products were 
sequenced using Sanger sequencing, and data were analyzed using the MEGA 
software and BLAST®.  The harp seal bone, minke whale tissue, and narwhal tusk 
positive controls were successfully identified using the primers and assay designed for 
this study. However, sequence information was obtained for only two of the twelve 
ancient bone samples.   Both samples were collected from Siglunes, Iceland. One 
matches the COI gene of Eubalaena species (right whale), and the other matches to the 
COI gene of Balaenoptera musculus (blue whale).  Future work therefore aims to 
include further optimization of the DNA extraction and amplification protocols to 
increase the utility of the assay to genetically identify ancient marine mammal species.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SEAMAMMS 2017, Beaufort, NC, April 7-9  5 

EVALUATION OF THE SOUTHERN BOUNDARY OF THE NORTHERN GEORGIA 
SOUTHERN SOUTH CAROLINA ESTUARINE SYSTEM STOCK OF COMMON 

BOTTLENOSE DOLPHINS (TURSIOPS TRUNCATUS) IN THE WATERS AROUND 
SAVANNAH GEORGIA 

 
Emily K. Griffin1, Zoe Wong2, Robin M. Perrtree1, Tara M. Cox1 

 
Savannah State University1 
Amherst College2 

 
The definition of accurate boundaries between stocks of marine mammals, such as 
common bottlenose dolphins (Tursiops truncatus), is necessary for the determination of 
proper management and conservation practices. A recent photo-identification study 
conducted in the southernmost region of the Northern Georgia Southern South Carolina 
Estuarine System (NGSSCES) stock found that the current southern boundary of this 
estuarine stock may need to be revised. In that study, which spanned south from the 
Savannah River to the northern Ossabaw Sound, the Wilmington River appeared to 
mark a transition between two groups of animals. Genetic samples from the northern 
and southern regions of that area may help verify a change to the current stock 
boundary. The purpose of this research was to develop a set of metrics to determine 
which dolphins to target for biopsy sampling. Metrics were developed by analyzing and 
mapping the sighting histories of dolphins seen in each region from 2009-2016 with the 
goal of isolating those dolphins most active in the small creeks of each target region. 
Dolphins with sightings of 8 or more were considered for metric analyses. Forty-four 
target animals in the northern region and 45 animals in the southern region were 
identified as targets for biopsies. The selection of these animals was based on the 
following criteria: a) ≥50% of sightings in the target region; b) ≤15% of sightings in the 
non-target region; and c) ≥50% of sightings in small creeks to ensure not capturing 
coastal animals. In most studies, a single sampling location is the only geographic 
information matched to a genetic sample; in contrast, this study uses long-term sighting 
histories to better inform genetic analyses. This study identifies a novel method for 
refining stock structure using robust spatial data for each individual dolphin. 
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RESIDENCY OF BEGGING COMMON BOTTLENOSE DOLPHINS (TURSIOPS 
TRUNCATUS) IN THE ESTUARINE WATERS OF SAVANNAH, GA 

 
C. Harris, R. Perrtree, and T. Cox 
 
Savannah State University 
 
Common bottlenose dolphins, Tursiops truncatus, in the estuarine waters near 
Savannah, GA have the highest rate of human-interaction behaviors (HIB) of any 
bottlenose dolphins worldwide. The objective of this study was to identify the residency 
of beggars. We hypothesized that the majority of begging individuals would be residents 
because prominent begging behavior appears to be isolated to the Savannah area. 
Boat-based surveys were conducted between 2009 and 2014, during which dorsal fins 
of dolphins were photographed, and behavior was recorded. We categorized 250 
individuals seen in 6 or more sightings as beggar (n=86) or non-beggar (n=164). There 
were 5 definitions of residency used previously in the southeast USA.  Definitions were 
based on 1 or more of the following factors: number of seasons, number of sightings, 
and time span. Individual dolphins were analyzed using all 5 definitions for 2 different 
sets of seasons. Once the residency status of all 250 individuals were assigned, we 
tested for a difference in residency distribution between beggars and non-beggars 
within each definition. For the first set of seasons, there were 3 residency definitions 
that had a higher percentage of beggars that were residents compared to non-beggars 
(p=0.007, p<0.001, and p=0.002). For the second set of seasons, there were only 2 
definitions that had a higher percentage of non-beggars that were residents (p<0.001 
and p=0.003). Resident beggars ranged from 22-56 individuals because of the 
differences in definitions. Definitions that were based on seasons had a lower amount of 
beggars that were residents than definitions that focused on time span over which an 
individual was observed. Understanding the residency status of beggars can aid in 
management; by knowing how prevalent beggars are in the area, efforts to educate can 
be confined to a smaller geographic area.  
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ASSOCIATIONS AND THE ROLE OF AFFILIATIVE, AGONISTIC, AND SOCIO-
SEXUAL BEHAVIORS AMONG COMMON BOTTLENOSE DOLPHINS (TURSIOPS 

TRUNCATUS) 
 

Briana S. Harvey1, Kathleen M. Dudzinski1,2, Stan A. Kuczaj1  
 
1Department of Psychology, University of Southern Mississippi, 118 College Dr. 
Hattiesburg, MS, 39406 USA 
2 Dolphin Communication Project, P.O. Box 7485, Port St. Lucie, FL, 34985, USA 
 
Little is known about the specific behavioral exchanges that occur on a day-to-day basis 
between dyads of common bottlenose dolphins (Tursiops truncatus). This study 

assesses the proportion of time dyads spend in proximity (within ∼2 m) and the 

proportion of time spent in affiliative, agonistic, or socio-sexual contexts within and 
between age/sex dolphin pairings to better understand their social relationships. 
Observations of bottlenose dolphins housed at the Roatan Institute of Marine Sciences 
provided 10.5 h of underwater footage from which to examine association coefficients 
and inter-individual interactions. These data suggest similar patterns to previous studies 
on bottlenose dolphins: mother-calf dyads shared the highest coefficients of association, 
followed by male-male, female-female, and male-female dyads. Four classes of 
association coefficients were defined for the population including low, medium, medium- 
high and high. This study is the first to quantitatively assess association patterns 
concurrently with affiliative, agonistic, and socio-sexual behaviors for bottlenose 
dolphins. The predominant relationships were affiliative.  
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REPRODUCTIVE SENESCENCE IN BOTTLENOSE DOLPHINS 
 
Caitlin Karniski, Ewa Krzyszczyk, and Janet Mann 
 
Biology Department, Georgetown University, 37th and O Street NW, Washington, DC 
20057, U.S.A. 
 
In species with extensive maternal care, somatic senescence may reduce a female’s 
ability to provision and care for offspring with age, making it difficult to distinguish 
between two components of reproductive senescence: fertility senescence and 
maternal-effect senescence. Here we investigated the maternal effects of senescence 
in a long-lived mammal with prolonged maternal care through three demographic 
parameters: calf survival, interbirth interval (IBI), and lactation period. We provide clear 
evidence for reproductive senescence in a wild population of Indian Ocean bottlenose 
dolphins (Tursiops aduncus) using 30+ years of longitudinal data from the Shark Bay 
Dolphin Research Project (Australia). First, maternal age is negatively correlated with 
calf survival and calves born to older mothers have lower survival than would be 
predicted by birth order alone (z = -4.152, p < 0.0001). Second, both weaning age and 
interbirth intervals increased with maternal age (weaning age: z = -2.01, p < 0.05; IBI: z 
= -3.63, p < 0.005), and IBIs increased regardless of calf mortality. Finally, of calves that 
survived to weaning, last-born calves were weaned later than earlier-born calves (z = 
2.33 p < 0.05), evidence of terminal investment. Because terminal investment can be 
considered a mitigating strategy to ensure last-calf survival when reproductive potential 
is low, terminal investment could be a manifestation of both components of reproductive 
senescence. Although reduced calf survival with maternal age is consistent with 
maternal-effect senescence, the lengthening of each lactation period and IBI with 
maternal age is evidence of both fertility and maternal-effect senescence. Bottlenose 
dolphins and other cetaceans offer a valuable comparative model for understanding 
aging, given this order shows prolonged maternal care, extreme longevity, and post-
reproductive lifespan in some species. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SEAMAMMS 2017, Beaufort, NC, April 7-9  9 

THE POTENTIAL EFFECTS OF CHRONIC ANTHROPOGENIC SOUND ON THE 
HABITAT USE PATTERNS OF BOTTLENOSE DOLPHINS (TURSIOPS 

TRUNCATUS) IN JACKSONVILLE, FL 
 
Carissa D. King and Quincy A. Gibson 
 
University of North Florida, Jacksonville, FL 
 
Anthropogenic sound is an increasing source of disturbance for cetaceans, especially 
those living within coastal regions. The St. Johns River (SJR; Jacksonville, FL) is an 
urban estuary with a high level of anthropogenic disturbance and is home to a resident 
population of bottlenose dolphins. The goal of this study was to assess the potential 
impacts of chronic anthropogenic sound in the SJR on the habitat use patterns of the 
dolphins in the river. To assess small-scale changes in sound and habitat use, the SJR 
was divided into 71- 800m x 800m quadrants. Photo-identification surveys were 
conducted from Jun. 2011-May 2016. Sightings were separated based on primary 
behavioral state and quadrant (N=1460). Acoustic recordings were collected from Jun. 
2016-Jan. 2017 (N=505) using a HTI-96-MIN marine mammal hydrophone and a 
Marantz Professional PMD661 MKII handheld solid state recorder. The hydrophone was 
deployed from a boat and held at a depth of 0.5m below the surface of the water. Sound 
levels (dB re: 1mPa) at the 3.15kHz 1/3rd-octave band for each recording were 
measured using a custom MATLAB script from the Cornell Bioacoustics program. All 
behavioral states were observed throughout the river. The highest proportion of 
sightings were of travelling dolphins (57%), followed by foraging dolphins (27%), 
socializing dolphins (11%), and resting dolphins (4%). Critical habitat areas were 
identified, using the 50% utilization distributions for each behavioral state, and then 
compared to sound levels. Sound levels in the SJR were consistently high throughout 
the river (median±SD=136.04dB±2.72; max=139.29dB; min=131.46dB). These results 
indicate that dolphins utilize most areas in the SJR, are chronically exposed to high 
levels of anthropogenic sound, and do not have areas that can act as sound refuges. 
Therefore, the dolphins in the SJR are at risk of experiencing long-term behavioral and 
physiological stress due to anthropogenic sound.  
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MOVEMENT AND DIVE BEHAVIOR OF OFFSHORE BOTTLENOSE DOLPHINS 
(TURSIOPS TRUNCATUS) NEAR THE BERMUDA PEDESTAL 

 
L. Klatsky, A. Allen1, R. Wells2, J. Sweeney3 
 
1. Duke University Marine Laboratory, Nicholas School of the Environment, Beaufort, 
NC 28516, U.S.A. 
2. Chicago Zoological Society c/o Mote Marine Laboratory, 1600 Ken Thompson 
Parkway, Sarasota, FL 34236, U.S.A. 
3. Dolphin Quest Inc./Quest Global Management, 1880 Harbor Island Drive, San Diego, 
CA 92101, U.S.A. 
 
The behavior of offshore bottlenose dolphins (Tursiops truncatus) in deep water and 
near oceanic islands is not well known. Using satellite-linked, time-depth recorders, we 
investigated the movements and dive behavior of offshore bottlenose dolphins in the 
deep waters surrounding the Bermuda Pedestal. In May 2005, three dolphins were 
briefly captured; samples and morphometrics were collected and the animals were 
outfitted with tags. Location and depth data were transmitted for 13-46 days. The 
dolphins traveled mean daily distances of 54 – 62 km/day, with a mean water depth of 
1,575m. All three dolphins spent a considerable amount of time within a 40km radius of 
Bermuda, associating with the Bermuda Pedestal seamounts. Two of the dolphins 
subsequently traveled to distant seamounts, reaching distances as far as 275km 
northeast of Bermuda. Regular night time dives (2100–0259 h local time) occurred to 
depths greater than 100m (7.9% of night time dives) and in some cases greater than 
900m. Night time dive durations greater than 3 min were common, and some dives 
exceeded 11 min. During the day (0900–1459 h local time), dives tended to be shallow 
(0.5% deeper than 100m), while the number of dives below 100m (2.7%) increased at 
dusk (1500–2059 h local time), indicating a diel dive cycle. The extreme depth and 
duration of dives and high hematocrit values reveal the deep-diving capabilities of 
offshore bottlenose dolphins. The dive patterns of bottlenose dolphins in Bermuda 
waters correlate with the reported nightly vertical migrations of mesopelagic prey along 
the steep-sided Bermuda Pedestal.  
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NORTH ATLANTIC RIGHT WHALE (EUBALAENA GLACIALIS) PRESENCE AND 
DISTRIBUTION IN THE WATERS OF MARYLAND, VIRGINIA, AND NORTH 

CAROLINA FROM 1998 TO 2015 
 

A. Johnson1, D. Pabst1, R. McAlarney1, N. Pricope2, Z. Long1, E. Cummings1, S. Barco3, 
S. Mallette3, P. Hamilton4, R. Kenney5, H. Pettis4, A. Knowlton4, C. Good6, K. Jackson7, 
K. Rittmaster8, and W. McLellan1 

1 Department of Biology and Marine Biology, University of North Carolina Wilmington, 601 S. 
College Rd, Wilmington, NC 28403 
2 Department of Earth and Ocean Sciences, University of North Carolina Wilmington, 601 S. 
College Rd, Wilmington, NC 28403 
3 Virginia Aquarium & Marine Science Center, 717 General Booth Blvd. Virginia Beach, VA 
23451 
4 Anderson Cabot Center for Ocean Life, New England Aquarium, Central Wharf, Boston, MA 
02110 
5 University of Rhode Island, Graduate School of Oceanography, 215 South Ferry Road, 
Narragansett, RI 02882-1197 
6 Duke University Marine Lab, 135 Duke Marine Lab Rd, Beaufort, NC 28516 
7 Florida Fish and Wildlife Conservation Commission Farris Bryant Building, 620 S. Meridian St, 
Tallahassee, FL 32399 
8 North Carolina Maritime Museum, 315 Front Street, Beaufort, NC 28516 

 
The North Atlantic right whale (Eubalaena glacialis) is a critically endangered species 
with an estimated 500 individuals living today. Right whales travel annually along the 
coast between summer feeding grounds in the waters off New England and eastern 
Canada, and winter calving grounds off the coasts of Florida, Georgia, and South 
Carolina. In 2016, designated critical habitat boundaries for this species were enlarged 
to increase the protected areas in both the northern foraging grounds and southern 
calving habitats. Specifically, calving Critical Habitat in the south now extends from 
central Florida to the Cape Fear River in North Carolina. This project assessed the 
seasonal presence of E. glacialis in the waters of Maryland, Virginia, and North Carolina 
by analyzing the composition and distribution of individual sightings archived by the 
North Atlantic Right Whale Consortium. This area has been identified by NOAA as a 
migratory corridor, predominantly utilized by reproductive females and calves. 
Preliminary analyses demonstrate that there were 219 right whale sightings, comprised 
of 334 individuals, in this region during 1998-2015 and that whales were observed in all 
months except June, August, and September. Of the 334 whales counted, 146 were 
individually identifiable and represented 78 unique adults and juveniles, plus 17 calves. 
Nineteen adult females, 22 adult males, 31 juveniles, and six individuals of unknown 
age were documented. These results demonstrate a nearly year-round presence of right 
whales in the mid-Atlantic.  In addition to females and calves, juveniles and males are 
also present, suggesting that the coastal waters of Maryland, Virginia, and North 
Carolina are not simply a reproductive migratory corridor. Thus, we are currently 
developing a species distribution model utilizing environmental data (sea surface 
temperature, chlorophyll-a concentration, bathymetry, and distance from shore) 
collected at each sighting location to describe potential right whale habitat in the mid-
Atlantic. 
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THE POTOMAC-CHESAPEAKE DOLPHIN PROJECT: PRELIMINARY FINDINGS 
AND FUTURE DIRECTIONS 

 
J. Mann, A.M. Jacoby, M.M. Wallen, E.M. Patterson 
 
Biology Department, Georgetown University, Washington DC 20057 
 
Despite considerable public (state and federal), private, and academic investment in 
understanding and protecting the Chesapeake Bay, little is known about its primary 
cetacean species, the common bottlenose dolphin (Tursiops truncatus). In fact, among 
all U.S. coastal populations of bottlenose dolphins, NOAA considers their use of the 
Chesapeake and its tributaries the least understood. In 2015 we initiated a study of 
bottlenose dolphins in the Potomac River and Chesapeake Bay with the following long-
term goals: a) determine seasonal abundance, population structure, and reproductive 
patterns, b) quantify habitat use, ranging patterns, and site fidelity, c) quantify 
connectedness to other Mid-Atlantic bottlenose dolphin populations, d) detail bottlenose 
dolphin behavioral ecology in the Chesapeake Bay region, and e) engage the wider 
population of the DC-MD-VA area to learn about and participate in dolphin research. 
Our initial study focuses on a 37km2 area in the lower Potomac River. Survey transects 
were conducted in 2015 and 2016 from April to October. Preliminary results show a 
marked peak in dolphin abundance from June to September, coinciding with peaks in 
water temperature. Over 200 individuals were sighted in 2015 and >300 in 2016. At 
least 25% of individuals sighted in 2015 were re-sighted in 2016, indicating high site 
fidelity given our survey effort. Overall dolphin abundance averaged 5.6 per km2. During 
most surveys, group members were traveling (73% of surveys), more than twice the 
rate we expected based on our long-term study of T. aduncus in Shark Bay, Australia. 
Based on the high number of newborns sighted, the Potomac-Chesapeake appears to 
be an important breeding area. Although much work is to be done on population 
structure, 8 individuals matched to several locations in the Mid-Atlantic Bottlenose 
Dolphin Catalog, including Virginia Beach, North Carolina, and New Jersey. Plans for 
outreach education will also be discussed. 
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AN EVALUATION OF THE ACCURACY OF PHOTOGRAMMETRIC 
MEASUREMENTS FROM UNMANNED AIRCRAFT SYSTEMS 

 
Elizabeth C. Mason, David W. Johnston 
 
Duke University 
 
Presently photogrammetric research on marine mammals looking at size and body 
condition do not account for the distortion applied to images from different cameras. To, 
address that, this study quantifies the distortion for three different cameras, a GoPro 
Hero 4, Olympus E-PM2 and Song a5100, that were used to look at the accuracy of the 
measurements from each different type of camera. After quantifying the distortion, both 
barrel and pincushion, images were taken of a reference targets on the ground with 
varying distances from the object (10m, 20m 30m 40m, 50m), and the difference 
between actual size and photogrammetric measurements were quantified. Finally, we 
used the same three cameras to capture images with UAS technology to quantify the 
impact that the drones have on the accuracy of photogrammetric measurements. These 
methods were then applied to a real-world application; images taken with the Sony 
a5100, of humpback whales (Megaptera novaeangliae) that were measured to look at 
average size and body condition of individuals in the Antarctic.  
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BOTTLENOSE DOLPHIN FEMALES HAVE STABLE PREFERRED ASSOCIATIONS 
IN SHARK BAY, AUSTRALIA 

 
M. Miketa1, M. Stanton2, E. Krzyszczyk1, J. Mann1 
 
1. Department of Biology, Georgetown University, Washington, DC, 20057, USA 
2. Center for the Advanced Study of Human Paleobiology, The George Washington 
University, Washington, DC 20052, USA 
 
Animals live in a wide variety of social organizations, ranging from solitary to simple 
aggregations to complex societies. Within complex societies, individuals form 
differentiated bonds with individually recognizable conspecifics with whom they 
repeatedly associate and interact. Social bonds are hypothesized to confer a number of 
fitness benefits in many mammalian species with strong female-female bonds related to 
longer life span, lower levels of stress, and higher reproductive success. The bottlenose 
dolphins of Shark Bay, Australia (Tursiops aduncus) represent an excellent system in 
which to investigate long-term bonds. Bottlenose dolphins are large-brained, long-lived, 
and live in a complex fission-fusion society where social skills and bonds are likely to 
have fitness consequences. Shark Bay males form long-term stable alliances with other 
males to increase mating opportunities, while females exhibit more social variability 
forming loose social networks through preferentially associating with other females. In 
contrast to the males of Shark Bay, very little is known about the stability of female-
female bonds. To investigate whether long-term bonds are present in adult female 
Shark Bay dolphins, we analyzed sighting data collected from 1988-2016. We used the 
Half-Weight Index (HWI) to measure association patterns between adult females during 
different time windows. We identified a female’s top associates as those individuals 
falling in the top 2.5% of the female’s HWI distribution during a given period. We found 
that 44 of 77 (57%) adult females had the same preferred adult female associate for 6 
years or more. Furthermore, some of those bonds were stable through adulthood, 
lasting up to 18 years or until death. While some long-term bonds were formed between 
related females, particularly mothers and adult daughters, others were not close 
maternal kin. Our next step is to investigate the factors contributing the formation and 
maintenance to long-term bonds, such as ecology, genetic relatedness, and 
reproductive status. 
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COLD-IMPREGNATION PLASTINATION OF MARINE MAMMAL HEARTS AS 
IMPROVED METHOD OF ANATOMICAL STUDY 

 
Paul B. Nader, D.V.M. 
 
Lincoln Memorial University – College of Veterinary Medicine 
 
In the taxonomic groups, cetacea and pinnipedia, there are distinct anatomical 
characteristics of the cardiopulmonary system which serve well these varied species of 
marine mammals.  When analyzing representative species, morphological adaptations 
are observed at the major vessels and the chambers of the heart to accommodate the 
physiological demands placed on the cardiopulmonary system while living in its normal, 
aqueous environment.  The heart morphology of large cetaceans, including blue whale, 
Balaenoptera musculus, bowhead whale, Balaena mysticetus, and sperm whale, 
Physeter macrocephalus, will be compared to that of both an otariid, the California sea 
lion, Zalophus californianus, and a phocid, the ringed seal, Phoca hispida.  These 
adaptations include the dilatation of the ascending aorta and the dramatically-enlarged 
size of the right ventricle of the heart in large cetaceans and pinnipeds.  In addition, 
there is a change in orientation of the apex-base axis of the heart observed in these 
varied species of marine mammals.  The preservation technique of cold-impregnation, 
plastination provides for a specimen that is a more anatomically correct specimen and 
allows for a detailed description of these anatomical adaptations of these varied marine 
mammalian, taxonomic groups.  This method of plastination is beneficial as an excellent 
resource in anatomical instruction, art exhibitions, and museum displays across the 
planet.   
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USING OPPORTUNISTIC DATA FOR AN EARLY MARK-RECAPTURE 
ABUNDANCE ESTIMATE NEAR SAVANNAH, GEORGIA 

 
R. M. Perrtree, C. Begin, J. J. Thompson, T. M. Cox 
 
Savannah State University 
 
Abundance estimates are necessary for proper management of marine mammal stocks, 
but changes in abundance over time are even more informative to managers.  To 
estimate abundance for common bottlenose dolphins (Tursiops truncatus) within bays, 
sounds, and estuaries, it is optimal to plan a robust design mark-recapture 
study.  Robust design includes multiple closed sampling periods temporally spaced 
between open periods.  In the summers of 2009 and 2010 the Savannah study area 
was covered several times with a goal of identifying individual beggars and mapping the 
spatial distribution of begging behavior. Despite survey effort not being planned for a 
robust mark-recapture population estimate, we analyzed the data to determine if it 
would be sufficiently robust to be able to compare to population estimates from 2013-
2014. Daily survey areas were mapped in ArcGIS 10.2 to identify data sets that met 
closed population assumptions and could be used as mark-recapture sampling periods 
in which abundance could be estimated.  Two mark-recapture periods were identified in 
summer 2009 and one in summer 2010, resulting in 376 sightings of 347 unique 
individuals with 85 to 179 individuals observed in each sampling period. Abundance 
estimates generated in RMark from these early field efforts will be compared to those 
from the ad hoc robust mark-recaptures work conducted in 2013 and 2014.  By using 
the field efforts of other projects, we will be able to calculate an abundance estimate for 
the Savannah area from 4 years earlier than was previously available, allowing 
managers to examine changes in abundance over time.   
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A PRELIMINARY ANALYSIS OF LIFE HISTORY INDICES OF FEMALE COMMON 
BOTTLENOSE DOLPHINS, TURSIOPS TRUNCATUS, AND THEIR CALVES IN 

WATERS NEAR SAVANNAH, GA 
 
Jordan M. Rutland, Robin M. Perrtree, Tara M. Cox 
 
Savannah State University 
 
Life history indices can indicate the status of a population that has no density estimates 
nor data on population trends. The purpose of this study was to calculate life history 
indices for the bottlenose dolphins in waters near Savannah, Georgia. Boat-based 
surveys were conducted from April 2009 to December 2016 in waters around 
Savannah, GA, and sightings of known females (n=79) and their calves (n=123) were 
examined. The two life history indices that were calculated were seasonality of 
reproduction and interbirth intervals. Birthdate was calculated by taking the midpoint 
between the last sighting of mom alone and the next sighting with a calf. For each 
birthdate used in this analysis, the amount of time between the 2 sightings did not 
exceed 3 months. Interbirth interval was calculated by determining the amount of time 
between the birthdate of a surviving calf, i.e., one that was ≥3 years old, and the birth of 
the next calf. For some calves used in this analysis birthdate was unknown; however, 
the calf was seen with mom for at least 3 years. Of the 123 known calves, birthdate 
could be calculated for 33 calves. A majority of the births occurred in May (n=14) and 
June (n=9). However, births occurred as early as April (n=4) and as late as August 
(n=1). Four females gave birth to a surviving calf and had a subsequent calf. One 
female had an interbirth interval of 5 years while the remaining 3 females had an 
interbirth interval of 6 years. Even though the sample size is small, these interbirth 
intervals are surprisingly long for a bottlenose dolphin population, possibly indicating the 
population is at or near carrying capacity. Further analyses of these and other life 
history indices will help elucidate the status of the population further.  
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ANALYSIS OF BOTTLENOSE DOLPHIN (TURSIOPS TRUNCATUS) STRANDINGS 
IN NORTH CAROLINA DURING THE 2013-2015 MID-ATLANTIC MORBILLIVIRUS 

UNUSUAL MORTALITY EVENT 
 

M. Ryan1, D. Pabst1, K. Phillips2, A. Costidis2, R. McAlarney1, K. Clark3, P. Doshkov4, V. 
Thayer5, J. Sullivan5, and W. McLellan1 

 
1.     University of North Carolina Wilmington 
2.     Virginia Aquarium and Marine Science Center 
3.     North Carolina Wildlife Resources Commission 
4.     National Park Service, Cape Hatteras National Seashore 
5.     North Carolina Division of Marine Fisheries 
 
From 2013 to 2015 along the US Atlantic coast, bottlenose dolphins (Tursiops 
truncatus) experienced a mass mortality event attributed to Morbillivirus. This study 
utilized Level A reports to investigate dolphin stranding patterns during this Unusual 
Mortality Event (UME) in North Carolina from August 2013 through July 2014 (the peak 
mortality period in the state) and compared them to those during the five-year period 
prior to, and the two-year period post-UME. Eight hundred and twenty seven dolphins 
stranded during the entire eight-year period, with an annual mean of 80 strandings pre- 
and 87 strandings post-UME, as compared to 251 strandings during the UME. We 
analyzed the temporal patterns of standings and investigated the life history 
characteristics of dolphins stranded across the three study periods. The monthly pattern 
of strandings varied across periods. During the UME, strandings peaked between 
August and December (59% of total), as compared to the pre- (28%) and post-UME 
(23%) periods. In contrast, peak mortality pre- (51% of total) and post-UME (53%) 
occurred between March and May. The sex ratio of strandings did not differ across 
periods (males represented between 60-66% of total across all periods), but the 
demographic pattern varied. During the UME, perinates represented only 5% of 
strandings as compared to 30% pre- and 19% post-UME. The largest difference in 
female strandings occurred in individuals between 171 and 250cm, representing 37%, 
59%, and 44% of strandings pre-, during, and post-UME, respectively. The largest 
change in male strandings occurred in individuals between 231 and 290cm, 
representing 31%, 55%, and 39% of strandings pre-, during, and post-UME, 
respectively. Thus, not only did dolphin mortality increase during the UME, the temporal 
and the demographic patterns of strandings differed across periods, suggesting 
potential increased susceptibility to specific portions of the population. 
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DIVING BEHAVIOR OF CUVIER’S BEAKED WHALES (ZIPHIUS CAVIROSTRIS) 
OFF CAPE HATTERAS, NORTH CAROLINA 

 
J. Shearer1, R. Baird2, D. Webster2, H. Foley1, Z. Swaim1, A. Read1 

 
1Duke University Marine Lab, Beaufort, North Carolina, 2Cascadia Research Collective, 
Olympia, Washington 
 
Beaked whales are among the world’s deepest diving marine mammals, but they spend 
little time at the surface, making them poorly studied in relation to more accessible 
species. In addition, they have previously been involved in mass-strandings in 
association with the active sonar used during Navy training exercises. Data from short-
term acoustic recording tags (DTAGs) has indicated that beaked whales forage almost 
exclusively in deep dives (typically beginning to echolocate around 500 meters depth) 
while remaining silent in shallow dives, potentially as a means of predator avoidance. 
Longer datasets on diving behavior and movement patterns have come from satellite-
linked tags that can remain attached to the animals for up to several months. In this 
study, we analyzed data from satellite-linked time and depth recorders deployed on 9 
Cuvier’s beaked whales (Ziphius cavirostris) off the coast of Cape Hatteras, North 
Carolina, between 2014 and 2016. Preliminary analyses of location data indicate that 
they typically remain in relatively small areas over the continental slope. As in previously 
studied populations, they routinely perform very deep (presumably) foraging dives 
interspersed with several shallow dives in sequence. One animal was recorded 
executing a dive to 3,567.5 meters, which is beyond the current record for the species 
(2,992 meters). However, this result should be treated with caution, as it is beyond the 
tested range of the pressure sensors on the tag. Continued analysis on these dive 
parameters will include information on dive depths and durations, surface intervals, and 
dive rates, both during the day and at night. This provides a baseline of diving behavior 
for this species in this area, allowing us to determine whether their behavior is altered in 
response to sonar events and other anthropogenic disturbances.  
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MULTI-SCALE BEHAVIORAL RESPONSE STUDIES OF CETACEANS AND MFAAS 
ALONG THE US EAST COAST 

 
B.L. Southall1,2, D.P. Nowacek2,3, N.J. Quick2, and A.J. Read2 
 

1 Southall Environmental Associates, Aptos, CA 
2 Marine Science and Conservation, Nicholas School of the Environment, Duke 
University Marine Lab 
3 Electrical and Computer Engineering, Pratt School of Engineering, Duke University 
 
Recent experimental studies and opportunistic observations of cetacean behavior in the 
presence of naval mid-frequency active sonar (MFAS) have improved our 
understanding of the effects of sonar exposure. Key studies include short-term, high-
resolution measurements individual animal responses, including recent experiments 
with real Navy MFAS. Additionally, longer-term, lower-resolution monitoring of individual 
behavior near sonar operations has provided data on broader time and spatial scales. 
Thusfar, however, no studies have combined experimental approaches linking fine-
scale, short-term reactions with longer-term responses using real Navy MFAS sources, 
which have the potential to impact the fitness of individuals over biologically meaningful 
time scales. 
To address this need for sampling on multiple spatial and temporal scales within 
realistic MFAS exposure contexts, we plan to conduct a series of controlled exposure 
experiments (CEE) with two focal species, Cuvier’s beaked whales (Ziphius cavirostris) 
and short-finned pilot whales (Globicephala macrorhynchus) off Cape Hatteras. Each 
CEE will involve a focal individual of each species equipped with digital acoustic 
recording tags (DTAG) and several animals carrying satellite-linked, time-depth 
recorders (SLTDR).  The DTAG samples fine-scale movement and acoustic 
exposure/response for <24 hours, and the SLTDRs sample relatively course scale 
movements, diving behavior and locations over periods of weeks. Sonar transmissions 
during CEEs will occur according to standard Navy protocols, and will occur for £60 
minutes, unless any strong contra-indicators are evident. Target received levels for the 
focal animals will be 120-160 dBRMS with lower starting levels in beaked whales than 
pilot whales, at least in initial. Our experimental design will result in a variety of received 
levels for other individuals carrying satellite tags. We plan to conduct four field seasons 
of experiments over the next two years. 
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ESTABLISHING A ROBUST BASELINE: THE FIRST ESTIMATES OF ABUNDANCE 
FOR THE ESTUARIES NEAR SAVANNAH, GEORGIA USING THE ROBUST 

DESIGN 
 

Jessica J. Thompson1, Tara M. Cox1, and Michael J. Conroy2 

 
1Savannah State University, Savannah, GA 31401 
2Warnell School of Forestry and Natural Resources, University of Georgia, Athens, GA 
30602 
 
The MMPA (1972) states that population stocks of marine mammals should not be 
allowed to drop below their optimal sustainable population. The legislation mandates 
regular evaluations of abundance to understand how human caused and naturally 
occurring mortality affects abundance. The objective of this study was to produce the 
first estimates of abundance of common bottlenose dolphins (Tursiops truncatus) in 
estuaries near Savannah, GA using robust design, capture-mark-recapture methods. 
Additionally, the aim was to determine if there were seasonal changes in abundance. 
Boat-based photo-identification surveys were conducted from 2013-2014, with 4 primary 
periods, 2 each in summer and winter. Distinctiveness of dorsal fins determined if 
dolphins were categorized as marked or unmarked. Capture histories of 373 marked 
non-calves, or marked calves with unmarked moms, captured in high-quality photos 
were used to estimate abundance in R using the package RMark. Abundance was 
greatest during the summers (N = 252 ± 7.01 SE in 2013; N = 271 ± 7.01 SE in 2014) 
and declined in winter (N = 142 ± 7.01 SE in January 2014; N = 103 ± 7.01 SE in March 
2014). The abundance estimates from this study are the first to be produced for the 
NGSSCES stock in over 10 years and establish a robust baseline for assessing 
changes in the abundance of common bottlenose dolphins in the Savannah area. 
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DETERMINING THE STOCK IDENTITY OF STRANDED BOTTLENOSE DOLPHINS 
(TURSIOPS TRUNCATUS) FROM THE UNUSUAL MORTALITY EVENT USING THE 

MID-ATLANTIC BOTTLENOSE DOLPHIN CATALOG (MABDC) 
 

K. Urian1, Deborah A. Fauquier,2 Northeast and Southeast Atlantic Marine Mammal 
Stranding Network,2  S. Barco3, K. Clark4, P. Doshkov5, A. Engelhaupt6, A. Gorgone7, J. 
Mann8, W. McFee9, William A. McLellan10, A. Pabst10, A. Read1, K. Rittmaster11, L. 
Sayigh12, D. Silva13, T. Speakman9,  J. Taylor14, V. Thayer15,  J. Toth16 and R. Young13. 
 
1Duke University Marine Laboratory, Beaufort, NC, 2National Marine Fisheries Service, 
Silver Spring, MD, 3Virginia Aquarium Marine Science Center Stranding Program, VA, 
4Outer Banks Marine Mammal Stranding Network, NC, 5Cape Hatteras National 
Seashore, NC, 6HDR, Virginia Beach, VA, 7NOAA-NMFS-Beaufort Laboratory, NC, 
8Potomac-Chesapeake Dolphin Project, VA, 9NOAA-NOS, Charleston, SC, 10University 
of North Carolina, Wilmington, 11North Carolina Maritime Museum, Beaufort, NC, 
12Woods Hole Oceanographic Institution, MA, 13Coastal Carolina University, Conway, 
SC, 14Outer Banks Center for Dolphin Research, Kill Devil Hills, NC, 15NC Department 
of Marine Fisheries, Morehead City, NC, 16Stockton University, Galloway, NJ 
 
An Unusual Mortality Event (UME) attributed to cetacean morbillivirus was declared for 
common bottlenose dolphins (Tursiops truncatus) along the U.S. Atlantic coast between 
July 2013 and December 31, 2015; approximately 1,650 dolphins stranded from New 
York to Florida. However, the stock identity of these dolphins is largely unknown, 
therefore the objective of this project was use photo-identification methods to assign 
individuals to a stock using the Mid-Atlantic Bottlenose Dolphin Catalog (MABDC).  A 
total of 337 dolphins were tested for DMV from February 2013-October 2014 and of 
these 246 were confirmed positive (DMV+); 210 (85%) cases included dorsal fin 
images. Fifty-two (15%) images met the criteria for comparison to the MABDC; initial 
matching began at the northern sites. Ranging patterns of matched dolphins were used 
to determine stock identity, using definitions established by NMFS. To date, seven of 
the DMV+ dolphins have been matched to the MABDC: three were confirmed NNCES, 
one was a probable Southern Migratory stock member, two were probable SC-GA 
coastal stock members, and one was of uncertain stock assignment.  Eight additional 
dolphins have been compared but no match was found.  Of the 77 dolphins that tested 
negative for DMV, 23 met the standards for comparison to the MABDC.  To date, three 
individuals have been matched to the MABDC and were well-known individuals: two 
probable Southern Migratory and one NNCES dolphin, who was first photographed in 
1989. The relatively small number of matches made to date between distinctive DMV+ 
dolphins to the MABDC suggests that few of these animals originated from the well-
studied estuarine stocks, but likely from the poorly documented migratory or coastal 
stocks. It is unlikely that more than 50 distinctive individuals could be undetected in 
estuarine stocks, given their intensive photo-identification coverage by multiple research 
groups over the past two decades.  
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NEITHER TOY NOR TOOL: GRASS-WEARING BEHAVIOR AMONG FREE-
RANGING BOTTLENOSE DOLPHINS IN WESTERN FLORIDA 

 
Ann Weaver1 and Stan Kuczaj2 

 
1 Good-natured Statistical Consulting 
PO Box 8732 
St Petersburg FL 33738 
Phone 727.642.2890 
Email annstats54@gmail.com 
2University of Southern Mississippi 
Phone 601.329.9009 
Email s.kuczaj@usm.edu 
 
Play and tool use are controversial in part because both have been challenging to 
define. Play behavior continues to elude specific definition but is currently 
recognized as a legitimate behavioral classification, especially when an activity 
involves handling objects (toys), although play does not require object handling. In 
contrast, animal tool use behavior requires object handling that also meets criteria 
of purposeful and conditional handling in a specific context to achieve a goal. This 
report describes a form of object handling, grass-wearing behavior, exhibited by 
free-ranging bottlenose dolphins in St. Petersburg, FL, USA, to see if play or tool-
use-like behavior explains it. During 9,551 sightings of 311 dolphins across 8 yrs of 
study (Jan 2006 – Dec 2013), N = 79 dolphins were observed with one or more 
blades of grass splayed across the dorsal fin 190 times. Grass-wearing was 
unrelated to activities conducted in seagrass meadows, age-sex class, or adult 
female reproductive phase. Grass-wearing was primarily related to changes in 
group composition (fusion events). It occurred in larger groups that were 
significantly more likely to be socializing in affiliative, explicitly sexual and playful 
contexts with only one observation during conflict, although grass-wearing occurred 
during travel, forage/feeding, and resting. The behavior was partly explained by 
play and tool-use-like behavior but is more consistent with dolphins self-decorating 
with grass as a stimulus enhancement in greeting or bids for attention.  
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MEASUREMENT OF CORTISOL IN BLOW: BIOLOGICAL AND METHODOLOGICAL 
VALIDATION 

 
J Wisse1, E Krzyskczyk2, E Patterson4, J Arnold3, L Clayton3, A Ginsburg3, J Mann2 

 
1. Marine Sciences and Conservation Division, Duke University 2. Department of 
Biology, Georgetown University 3.National Aquarium, Baltimore MD 4. Office of 
Protected Resources, National Marine Fisheries Service, National Oceanic and 
Atmospheric Administration 
 
Scientists and population managers often employ physiological heath assessments to 
understand the impacts of environmental changes on individuals and populations. 
Specifically, the study of cortisol as a measure of stress, has proven instrumental to our 
understanding of disturbance in many terrestrial species. In the short-term, stress helps 
individuals prioritize survival in the classic ‘fight-or-flight’ response. However, long-term 
cortisol exposure comes at a cost, decreasing immunological and reproductive function. 
While the cortisol response is well-understood in many terrestrial species, it is nearly 
impossible to sample some cetacean species without eliciting a stress response, thus 
confounding results. In response to this challenge, scientists have begun exploring the 
novel and non-invasive sampling method of blow (respiratory vapor) collection. 
However, this new method necessitates appropriate validation prior to use in 
comparative studies. While some of these validations have been conducted in baleen 
whales, certain questions can only be addressed using animals housed under human 
care. We conducted validations of the cortisol response using eight Atlantic bottlenose 
dolphins (Tursiops truncatus) at the National Aquarium and analyzed samples using 
enzyme immunoassay (EIA). Ten of these blow samples were collected either before or 
after serum samples, allowing us to compare cortisol concentrations between serum 
and blow matrices. Additionally, these blood serum collections were considered 
environmental stressors to test the biological validity of this method. Our results show 
cortisol concentrations in post-stressor collection blow samples to reach up to 2.6x the 
amount of pre-stressor, showing this method may be used to identify a cortisol response 
to stress. 
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AN ONTOGENETIC AND CROSS-SPECIES COMPARATIVE INVESTIGATION OF 

THE LOWER-REPRODUCTIVE TRACT IN FEMALE CETACEANS 
 
J. Bialek, M. Ryan, W. McLellan, J. Kroeger, D.A. Pabst 

 
Department of Biology and Marine Biology, University of North Carolina Wilmington, 601 
S. College Rd., Wilmington, NC, 28403 

 
Orbach et al. (2016) presented the first quantitative morphological description of the 
female reproductive system in bottlenose dolphins (Tursiops truncatus). As part of a 
one-semester field study course, we utilized this study to develop a research project to 
compare female reproductive tracts in bottlenose and Atlantic spotted (Stenella 
frontalis) dolphins. We examined two neonatal (total body lengths 106.5 and 107 cm), 
one subadult (213 cm) and one adult (252 cm) bottlenose dolphin, and one neonate (94 
cm) and one adult (196.5 cm) spotted dolphin. We utilized the same morphometric 
scheme as Orbach et al. (2016) to describe and compare the relative length (as % of 
total vaginal tract length) of the vaginal fold in these two delphinids. Orbach et al. (2016) 
grouped bottlenose dolphins into subadults and adults, and suggested that vaginal fold 
morphology varied little across these groups. By examining a wider range of life history 
categories, we did detect a difference in the relative length of the vaginal fold, which 
varied from 8-10% in neonates, to 25% in the subadult and 19% in the adult. Like 
bottlenose dolphins, spotted dolphins possessed a single vaginal fold, which 
represented between 17% (neonate) and 12% (adult) of the length of the vaginal tract. 
To our knowledge, these are the first data presented on reproductive tract 
morphometrics in Atlantic spotted dolphins. We also had the opportunity to investigate 
the reproductive tract collected from a juvenile humpback whale (Megaptera 
novaeangliae), and found that this species had a minimum of four vaginal folds. The 
difference in the number of vaginal folds between the mysticetes and the more derived 
odontocetes, and the description in the literature of multiple vaginal folds in artiodactyls, 
suggests that vaginal folds are a phylogenetic character shared by these closely related 
clades. 
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DETERMINING MICROCYSTIN PRESENCE IN STRANDED TURSIOPS 
TRUNCATUS 

 
Amber O. Brown and Quincy A. Gibson 
 
Department of Biology, University of North Florida 
 
Recent necropsy reports have documented increased mortality among the resident 
population of bottlenose dolphins (Tursiops truncatus) in the St Johns River (SJR), 
Jacksonville, FL. Between 2014-2016, six confirmed resident dolphins stranded in areas 
with salinity below 3ppt. In addition to these individuals, necropsy reports of other 
stranded residents documented unusual findings, such as dermal lesions/algal mats or 
bloody organs. Peak seasonal mortality of residents (n=16) occurred in late spring and 
summer and were concurrent with documented cyanobacteria blooms. Toxin sampling 
of these blooms showed microcystin (MC) concentrations ranging up to 2400 µg/L. 
Exposure to these high concentrations of MC could explain the mortality of resident 
dolphins in low salinity areas during the spring/summer months. MC concentrations also 
have the potential to persist throughout the year in the SJR, due to strong reverse 
directional flow preventing flushing of the river basin. MC has been documented to 
lower immune system function, allowing for potential secondary infections. Furthermore, 
the presence of dermal algal mats were observed on 2 residents that stranded during 
non-bloom seasons. Preliminary microscopic identification of both algal mats revealed 
the presence of watermold, which typically only infects mammals with lowered immune 
systems. Samples from these algal mats were subcultured on sabouraud dextrose agar. 
DNA samples will be extracted and amplified for exact identification of species. 
Additionally, the presence and concentration of MC will be determined from liver 
samples of resident stranded individuals. Preliminary results indicate that dolphins in the 
SJR are exposed to MC and freshwater pathogens, which could lead to increased levels 
of mortality in the resident population.  
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BALEEN (ALPHA-KERATIN) ARCHIVES METABOLIC AND ENDOCRINE LIFE 
HISTORIES OF MYSTICETE 

 
W. Cioffi1,2, J. Wisse1,2, L. Pallin3, A. Read2 

 
1University Program in Ecology, Duke University, Durham, NC 27708, USA. 2Duke 
University Marine Laboratory, Beaufort, NC 28516, USA 3 Marine Mammal Institute, 
Department of Fisheries and Wildlife, Oregon State University, Newport, OR 97365, 
USA 
 
Whales in the order Mysticeti can be intractable study subjects since individuals spend 
most of their life obscured from view, range across entire ocean basins, and require 
specialized equipment to locate and track. Nevertheless, these species are of high 
interest due to their unique place in marine food webs, extreme morphology, and history 
of commercial exploitation. Baleen, the keratinized plates that make up the feeding 
structure in mysticete whales, can be used to reconstruct multiyear metabolic and 
endocrine histories for individual animals. Baleen plates grow continuously during an 
animal’s life from the upper gumline and slowly wear away at the distal end. A single 
plate may consist of material from the last 1-10 years of an animal’s life depending on 
species and individual. Metabolic information is preserved in the material of the plate 
itself as it grows and can be investigated through stable isotope ratio analysis. Inference 
can be made about trophic level, foraging, and migration patterns. This matrix also 
preserves steroid hormones and the concentrations of these hormones may represent 
the systemic fluctuations associated with pregnancy and stress over time. Recent 
studies have demonstrated the validity of these methods in detecting pregnancy and 
here we further investigate the efficacy of these techniques using tissue from several 
species. We present a biological validation showing cortisol levels increase during 
pregnancies in an animal with a known history. We also investigate inter plate and 
within plate variation in hormone concentrations, delta13c, and delta15n stable isotope 
ratios to assess the consistency and reliability of the measured signals.  
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OUTER BANKS MARINE MAMMAL STRANDING NETWORK SUMMARY OF 2015-
2016 

 
Clark, K.1, Costidis, A.2, Doshkov, P.3, Harms, C.4, McLellan, W.5, Pabst, D. A.5, Thayer, 
V.6 

 
1 North Carolina Wildlife Resources Commission, P.O. Box 502, Corolla, NC 27927, 2 
Virginia Aquarium and Marine Science Center, 717 General Booth Boulevard, Virginia 
Beach, VA 23451, 3 Cape Hatteras National Seashore, 1401 National Park Service 
Drive, Manteo, NC 27954, 4 NCSU CMAST Department of Clinical Sciences, 303 
College Circle, Morehead City, NC 28557,5 University of North Carolina Wilmington, 601 
S. College Road, Wilmington, NC 28403,6 NC Division of Marine Fisheries, 303 College 
Circle, Morehead City, NC 28557 
 
The Outer Banks Stranding Network consistently faces interesting and challenging 
stranding events. Since 2008, stranding response has been performed by members 
from local, state, and federal agencies, including the NC Wildlife Resources 
Commission, National Park Service (Cape Hatteras), and a core volunteer base. On 
special cases, including large and rare whales, as well as live animals, the network has 
been supported by the broader Stranding Partners both to the north (VAQS) and to the 
south (NCSU, NCDMF, and UNCW). The barrier islands that comprise the Outer Banks 
are historically among the most diverse stranding locations in the western North Atlantic 
based on proximity to the convergence of the Labrador and Gulf Stream currents. Aerial 
surveys support that this region is a hotspot in both species diversity and numbers. 
From January 2015 through December 2016, the network (from the VA/NC border to 
Ocracoke Island) responded to a total of 147 strandings, fourteen (10%) of which were 
alive (Code 1). A total of six large-whale cases were documented: five humpback 
whales (Megaptera novaeangliae) and one Cuvier’s beaked whale (Ziphius cavirostris). 
Live seal haul-out events continue to be a common occurrence on the Outer Banks 
during the winter months; ten dead-stranded individuals (six harbor seals [Phoca 
vitulina], four harp seals [Pagophilus groenlandicus]) were documented. Recently, there 
have been significant anthropogenic noise impacts that have reduced seal activity at 
Green Island, our largest haul-out site, due to bridge construction. Given the challenging 
nature and diversity of strandings in this region, the local stranding responders have 
successfully taken steps to further collaborations and build a stronger, more stable 
stranding network. The high frequency of strandings on the Outer Banks (historically 
and through present-day), indicates that this region will always require a high effort of 
stranding response from multiple organizations. 
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We have been conducting monthly aerial surveys off North Carolina and Virginia as part 
of the US Navy’s marine species monitoring program in the mid-Atlantic since 2011. 
Survey tracklines extend from shallow continental shelf waters, across the continental 
shelf break, to deep pelagic waters. During surveys, we record the geographic position 
of each marine mammal sighting, and extensively photograph each sighting to 
document species identification and behavior. From May 2011 through December 2016, 
46,598 km of tracklines were flown and 65 sperm whales (Physeter macrocephalus) 
were documented during 37 encounters. All sperm whale sightings were recorded 
between depths of 500 and 4000 meters. Sightings per 1000 km flown varied across 
seasons – 0.69 (spring), 1.16 (summer), 0.60 (fall), and 0.17 (winter). Chi-squared 
analysis also demonstrated a significant difference in the number of individuals sighted 
across seasons, with highest counts in the summer (n=37) and lowest counts in the 
winter (n=1), X2, (3, N = 65) = 11.4, p<0.01. Visual sightings of sperm whales will be 
compared to acoustic detections recorded on High-frequency Acoustic Recording 
Packages (HARPs) that were deployed off Cape Hatteras. Logging and other behaviors, 
including surface travel, tail slapping, vertical floating, mouth open, intraspecific body 
“ramming”, interspecific interactions, and interactions with long-line fisheries, have been 
documented during these aerial surveys. Although we have observed juveniles and 
adults (presumed by total length) across seasons, only one calf has been observed. In 
summer 2013, a single calf was observed swimming in echelon position alongside a 
larger animal; this sighting was therefore recorded as a mom/calf pair. Thus, sperm 
whales are found year-round in the deep waters off Virginia and North Carolina, 
although their abundance varies significantly across seasons. These data can be used 
to inform any future regulatory actions and habitat protection measures for this 
endangered species in the mid-Atlantic. 
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Atlantic white-sided dolphins (Lagenorhynchus acutus) are found across the North 
Atlantic in both coastal and offshore waters. Throughout their wide distribution, L. 
acutus is known to be impacted by numerous human-induced threats including 
commercial and recreational fisheries, pollution, directed hunting, and global climate 
change. In the face of such threats, a better understanding of how many populations 
there are, and where they occur, is greatly needed for successful management and 
conservation. To date however, there has never been a comprehensive genetic analysis 
investigating the presence of population structure across the entire range of this highly 
mobile species. To examine genetic population structure, samples (n=351) from across 
the species’ range in both the western and eastern North Atlantic were collected. Data 
from both the mitochondrial (mtDNA) control region and 15 nuclear microsatellite 
markers were used to investigate the number of populations and describe the molecular 
diversity of L. acutus. Results based on Bayesian analysis of nuclear DNA support the 
presence of a single population across the entire North Atlantic Ocean. MtDNA data 
revealed a relatively high haplotype (0.9234 +/- 0.0067) and low nucleotide diversity 
(0.0086 +/- 0.0050), suggesting the occurrence of a rapid population expansion. The 
existence of a single panmictic population across an entire ocean basin has yet to be 
demonstrated in any other delphinid species. We discuss the potential implications of 
this unique structure in relation to effective conservation and management of L. acutus 
and emphasize the importance of continued monitoring, especially with regards to future 
impacts from climate change, to preserve the genetic diversity of this species.  
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SEXUAL SEGREGATION IN BOTTLENOSE DOLPHINS IS DRIVEN BY FEMALE 
AVOIDANCE OF MALES 

 
Allison Galezo1, Ewa Krzyszczyk1, and Janet Mann1,2 
 

1 Department of Biology, Georgetown University 
2 Department of Psychology, Georgetown University 
 
Bottlenose dolphins display a high degree of fission-fusion dynamics in which the size, 
composition, and cohesion of groups fluctuate through time. These dynamics offer a 
useful lens to address the proximate drivers of sexual segregation (same-sex 
association). The social preference hypothesis proffers that preference of the same sex 
and/or avoidance of the opposite sex is based primarily on social behavior (e.g., 
communal care of offspring, aggression). Several ecological hypotheses suggest that 
each sex has different ecological constraints or priorities (e.g., habitat, predator 
avoidance, food or nesting resources), which results in sexual segregation. Male 
bottlenose dolphins (Tursiops aduncus) in Shark Bay, Australia associate in alliances 
that cooperate to consort with and sequester females while excluding competing males. 
Given evidence for sexual coercion, we predicted that sexual segregation would 
primarily be driven by female avoidance of aggressive males, consistent with the social 
preference hypothesis. However, given robust evidence for sex-specific foraging 
strategies, differences in activity budget might also contribute to sexual segregation. We 
applied the Sexual Segregation and Aggregation Statistic, which controls for group size 
and sex ratio, to quantify the degree of segregation. Unique to our work, we analyzed 
the direction of joins and leaves between males and females from focal observations 
(N=116,595 fission-fusion events) to determine which sex drives sex segregation. Our 
results show that (1) strong sexual segregation persists year-round; (2) group size, 
composition, and behavior correlate with sex segregation; (3) male and female activity 
budgets differ; and (4) males join females more than females join males, and females 
leave males more than males leave females. Although ecological differences might 
reinforce sexual segregation, social factors predominate. This is the first study to 
demonstrate a sex-bias in fission-fusion dynamics in a wild mammal population and 
offer strong empirical support to the social preference hypothesis of sexual segregation. 
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The odontocete kidney is multireniculate and can concentrate solutes by filtering large 
volumes of blood at relatively high rates. In this study, which was undertaken during a 
field study course, we examined the morphology and development of the kidney in 
bottlenose dolphins (Tursiops truncatus). Based upon a comparative study of the harbor 
porpoise (Phocena phocena) (Hedges et al. 1978), we hypothesized that kidney growth 
occurred through an increase in size, rather than an increase in number of individual 
reniculi.  For six individuals (two neonates, two subadults, and two adults), we recorded 
whole kidney mass and surface area. We then dissected each kidney to count each 
individual reniculus. In addition, we measured the mass and dimensions of a subset of 
twenty individual reniculi from each kidney. We used linear regression to investigate the 
relationships between each of these parameters with total length. We report mean value 
for neonates and adults in the comparisons below. The whole kidney mass (79.5-408g), 
surface area (199-535 cm2), and individual reniculi diameter (0.72-1.6cm) displayed a 
positive correlation to length. Total reniculi counts ranged from 579 to 506, and were 
independent of total body length. These data suggest that, as reported in P. phocena, 
kidney growth in bottlenose dolphins occurs due to an increase in renicular diameter 
rather than an increase in renicular number. Ongoing efforts include a comparison of 
these same data collected from the Atlantic spotted dolphin (Stenella frontalis), and we 
will present these data for all three species. 
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Social behavior in group living animals has numerous associated benefits, but also 
costs (e.g., competition, disease). Here we examine a common social behavior, 
synchronous breathing, in wild Indian Ocean bottlenose dolphins (Tursiops aduncus) of 
Shark Bay, Western Australia. We define synchronous breathing as when two or more 
dolphins surface simultaneously to breathe in close proximity (< 10 m). Synchronous 
breathing has significant benefits for participating individuals as it appears to serve an 
important social function in both males and females for forming and maintaining long-
lasting social bonds. Synchronous breathing also helps the calf maintain close proximity 
to the mother, providing necessary additional benefits for calf development such as 
entrainment, which allows for the achievement of adult-level swim and dive 
performance. To date, little attention has been paid to synchronous breathing (synch) 
rates in calves in the formation of bonds. We examined the development of calf synch 
rates with mothers and non-mothers from birth to age 4 (1609h of focal observations on 
72 calves born to 39 mothers). GLMMs revealed an age-sex interaction in absolute 
synch rates for mother-calf (p < 0.01) and non-mother – calf pairs (p < 0.001); however, 
calf age was a significant factor in non-mother – calf pairs. Overall, calves breathe 
synchronously with their mother more than with non-mothers (p < 0.001), with 
decreasing mother-calf synch rates over time. Analysis of synchronous breathing rates 
between calves and their top three non-mother partners, correcting for partner 
availability, revealed sex differences in which female calves synch more exclusively with 
females while male calves did not show a same-sex bias (p = 0.01). The initial results 
suggest that calves become more independent with age. Further analysis reveals that 
synchrony is probably driven by preferred associates of the mother, other females, so 
that daughters exhibit higher same-sex homophily in synchrony rates than sons. 
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AN INVESTIGATION INTO THE CHEMOSENSORY BIOLOGY OF ODONTOCETE 
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Chemoreception, including the senses of olfaction and gustation, are considered to be 
absent or highly reduced in cetaceans. Odontocetes lack olfactory nerves (Ridgway et 
al. 1987), and controversy exists regarding their gustatory capabilities (Guimares 2012). 
Accompanying the loss of chemoreception is a general loss of exocrine glands, such as 
sweat, sebaceous, and scent glands, which in terrestrial mammals play 
thermoregulatory, skin conditioning, and chemical signaling roles, respectively. Thus, it 
is generally accepted that odontocetes lack both the glands that produce chemical 
signals and the sensory structures to receive them. For my Master’s, I provided a 
preliminary description of an enigmatic exocrine gland found in the neck of the pygmy 
sperm whale (Kogia breviceps). This gland has a large central lumen (surrounded by 
muscle) with a duct that opens to the skin surface, suggesting that the contents are 
actively expressed into the environment.  While the function of this gland remains 
unknown, these morphological observations suggest that the secretion likely plays a 
role in chemical signaling, and that chemoreceptors for such signals should also exist. 
To date, few studies have investigated the exocrine glands, or gustatory capabilities, of 
odontocetes possessing these glands. Herein, I present my dissertation research plan 
to more fully describe the chemosensory system of odontocete cetaceans including the 
production, transmission, composition, and reception of chemical signals. I will survey, 
identify, and provide morphological descriptions for both the chemoreceptors within the 
oral epithelium, and the exocrine glands, of odontocetes utilizing a suite of gross and 
microscopic approaches. I will attempt to characterize the chemical signals being 
broadcast through RAMAN and mass spectroscopy techniques. Based upon the 
integrated results, I will generate hypotheses regarding the potential functions of 
odontocete exocrine glands. 
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Fin whales (Balaenoptera physalus) produce stereotyped pulse calls nearly year round 
in most of the world's oceans. The calls, referred to generally as 20-Hz pulses, are 
typically repeated in a regular song for minutes to hours and are thought to comprise a 
male only display. A prominent parameter of fin whale song is internote interval (INI), 
which is measured between each pulse and tends to be consistent within individual 
songs. Although attempts have been made to investigate population structure using 
song parameters, this is complicated by the fact that INI has been shown to change 
seasonally, typically shortening during the putative breeding season. Here, we 
investigate INI for fin whale songs recorded off the east coast from Virginia to Florida 
with High-frequency Acoustic Recording Packages (HARPs) deployed between 2014 
and 2015. Fin whales along the U.S. Atlantic coast are assumed to be part of a single 
continuous population, but their migratory patterns and population structure are not well 
described for this area, despite significant conservation efforts on this species. To help 
address this gap, we examine the timing and magnitude of change in INI and other song 
characteristics at each of these sites and compare them to previous work analyzing 
calls recorded during the same months in Massachusetts and New York. In addition, we 
compare our results to findings in the eastern Pacific, where synchronous INI changes 
were observed across a comparable geographic scale. Our results will contribute to the 
understanding of fin whale population structure and seasonal behavioral patterns in the 
Atlantic and inform ongoing conservation efforts for this endangered baleen whale 
species. 
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Bottlenose dolphins (Tursiops truncatus) host a suite of endoparasites including 
cestodes, trematodes, and nematodes.  This study presents an analysis of the 
prevalence (percent of individuals infected within a population) of the trematode 
parasite, Campula, in bottlenose dolphins stranded in southeastern North 
Carolina.  This parasite is known to invade the biliary system and can cause chronic 
parasitic cholangitis.  Campula presence was investigated in dolphins stranded along 
the southeastern North Carolina coast from 1994 to 2016.  Information was gathered 
from necropsy and histopathology reports for 121 dolphins that were in excellent to 
moderate carcass condition (Smithsonian Institution Code 1-3) and had notes regarding 
the status of the biliary tract, pancreas, and/or liver.  The prevalence of Campula was 
analyzed across (1) three time periods – pre-, during, and post- the 2013-2015 Mid-
Atlantic Bottlenose Dolphin Unusual Mortality Event (UME), and (2) life history 
categories – fetus, neonate, juvenile, subadult, and adult.  Fourteen dolphins displayed 
gross and/or histological evidence of Campula infection for an overall prevalence of 
11.8%.  Prevalence of Campula varied across time periods, ranging from 6.5% pre-, to 
23.8% during, and 37.5% post-UME.  Prevalence also varied across development – no 
fetus, neonate or juvenile was infected, while 9.8% of subadults and 16.7% of adults 
were.  A higher prevalence of Campula during and following the UME suggests the 
possibility of suppressed immunity in dolphins affected by cetacean Morbillivirus, which 
would result in a higher susceptibility to other infections including parasites.  Results 
also suggest that Campula infection is age-related, supporting earlier work that 
suggests its spread through the food chain.  Alternatively, if Campula is a natural tag for 
a specific group of bottlenose dolphins in the mid-Atlantic, its increased prevalence may 
indicate that a different group, or stock, of dolphins stranded in southeastern North 
Carolina during the Morbillivirus UME. 
 
 
 
 
 
 
 
 
 



SEAMAMMS 2017, Beaufort, NC, April 7-9  37 

LOCOMOTOR MUSCLE MORPHOLOGY OF THREE SPECIES OF PELAGIC 
DELPHINIDS 

 
Jackie P. Kroeger, William A. McLellan, D. Ann Pabst 
 
Department of Biology and Marine Biology, University of North Carolina Wilmington, 
Wilmington, NC 28403 
 
Investigating the morphology of the locomotor muscles of diving mammals has yielded 
functional insights into how they utilize their environment and partition resources. To 
date, few studies have investigated how pelagic odontocetes build their locomotor 
muscles. The Atlantic spotted dolphin (Stenella frontalis), striped dolphin (S. 
coeruleoalba), and short-beaked common dolphin (Delphinus delphis) are similarly 
sized, closely related, pelagic species that exhibit different habitat and depth 
preferences. The spotted dolphin is a relatively shallow diver, inhabiting predominantly 
continental shelf waters, while the striped and common dolphins are sympatric, deep 
water species. Diet analyses indicate that the striped dolphin routinely achieves greater 
depths than does the common dolphin. We will investigate the muscle fiber type profile, 
muscle fiber diameter, relative mitochondrial volume density, and myoglobin 
concentration of a primary locomotor muscle, the m. longissimus in these three species. 
Based upon comparative data from other diving mammals, we hypothesize that the 
locomotor muscle of the shallow diving spotted dolphin will exhibit a lower percentage of 
slow-twitch fibers, smaller fiber diameters, a higher mitochondrial density, and a lower 
myoglobin concentration than that of the deep diving striped dolphin, and that the 
muscle of the common dolphin will display intermediate values for these features. 
Histochemical analyses are ongoing, but preliminary data show that, as expected, the 
locomotor muscle of the deeper diving striped dolphin exhibits a higher proportion of 
slow-twitch fibers and larger fiber diameters than those of the spotted and common 
dolphins. 
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Spinal deformities and other visually distinctive pathologies have been recorded in 
cetaceans for decades, but little documentation of this has been accomplished off the 
coast of Cape May, New Jersey. During the 2015-2016 field seasons, we documented 
musculoskeletal pathology in bottlenose dolphins (Tursiops truncatus) observed by the 
Cape May Whale Watch and Research Center off Cape May, New Jersey. 
Opportunistic photo identification survey and video methods were utilized to catalogue 
six distinctly identifiable adults, one calf, and two unidentified adult individuals displaying 
physical abnormalities. Results revealed incidence of mild and severe post nuchal 
depression, kyphotic humps, lordosis and correlation of severely emaciated body 
condition with abnormal swimming gait and surface behavior. We focus in particular on 
the detailed analysis of appearance, swimming gait, and long-term behavior of one of 
two catalogued individuals demonstrating consistently poor body condition, a kyphotic 
hump, and atypical diving sequences. Improved understanding of these conditions may 
assist the development of vessel based health assessments of this population in the 
context of the 2013-2015 morbillivirus related Unusual Mortality Event of the Northern 
Migratory Coastal Stock of bottlenose dolphins. We recommend detailed gross 
necropsy and extensive documentation of musculoskeletal pathology in stranded 
specimens to establish morphological correlation with these observations. This work 
represents a continuing effort by the Cape May Whale Watch and Research Center to 
monitor the longevity of these individuals and the health of the population. 
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Social living brings competition over mates, relationships, and resources. This inevitably 
translates to instances of direct conflict. The result of conspecific aggression, tooth rake 
scars are indicative of conflict rate in wild bottlenose dolphins (Tursiops aduncus). Fresh 
rakes indicate recent conflicts while healed rakes suggest older instances of conflict. 
However, the older the scar, the more difficult it is to accurately determine the time of 
conflict. For this project, we investigated (1) the healing rate of conspecific tooth rakes 
in wild bottlenose dolphins and (2) created an age and sex demographic profiling the 
prevalence of tooth rakes, and thus conflict rate. Data came from the longitudinal Shark 
Bay Dolphin Research Project (SBDRP) database spanning 32 years. Healing data 
were obtained by calculating the number of days between initial photographs of fresh 
tooth rakes and photos where the same rakes were last sighted or completely healed. 
Interval-censored survival analysis results found that 90% of tooth rake scars heal 
within a year. Demographic profiles on the prevalence of fresh tooth rakes were 
compiled using photographs, physical and life history records from the SBDRP. Results 
indicated that males received more aggression than females throughout life, but there 
was a peak in aggression females received around the time of first conception (age 11). 
These results offer insights into important life stages in dolphins. For example, young 
adult females receive more aggression than older females, a finding consistent with 
behavioral observations. This could be because of a young female’s inexperience 
during her first consortships and/or because males compete more for access to younger 
females than older females. In future work we plan to expand the sample size by using 
the calculated healing rate to estimate the time period at which non-fresh tooth rakes 
were acquired. Behavioral correlates of tooth rake scarring also deserve further 
investigation. 
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Protection of the endangered Florida manatee (Trichechus manatus latirostris) is 
dependent on a thorough understanding of their diet. Stable carbon and nitrogen 
isotopes are used as ecological tracers and can determine geographic location and diet 
composition. Previous studies of the Florida manatee have determined the stable 
isotope fractionation of carbon and nitrogen between skin and diet. Hair and skin are 
both metabolically inactive tissues. However, obtaining skin samples is impractical for 
several reasons. First, collecting skin samples is invasive to the animal. Additionally, 
skin is one of the first tissues to decompose, making this analysis unreliable for 
deceased animals. Vibrissae are an ideal tissue for stable isotope analysis because 
they are relatively slow-growing, comparatively robust, and metabolically inert. This 
study will utilize stable isotope analysis to determine the δ13C and δ15N signatures of the 
keratin in the bristle-like hairs of the oral disks of long-term resident Florida manatees to 
determine diet-tissue fractionation. We will collect manatee vibrissae after one month of 
continuous growth as well as samples of their known diet. We expect that the 
fractionation factor of carbon and nitrogen isotopes in manatee vibrissae will be 
consistent among all manatees and their respective diets. We will determine if stable 
isotopic ratios of manatee vibrissae are correlated with any shifts that occur in the diet 
during the study period. If the carbon and nitrogen isotope fractionation factors are 
consistent, this method could be used to predict the diet of wild manatees based on the 
stable isotope signatures of their vibrissae, enhancing the understanding of the wild 
manatee diet and movement. 
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The distribution of Florida manatees (Trichechus manatus latirostris) ranges from Texas 
to Florida and northward to North Carolina. They have a temperature threshold that 
restricts their distribution range in winter mostly to Florida, and they tend to aggregate in 
warm-water refuges when ambient water temperatures fall below 20ºC. Manatees use 
warm-water effluents as alternative wintering sites; however, these sources of warm 
water can possibly cause deaths related to cold stress since they can prevent these 
animals from returning to warmer water regions during winter months. Little is known 
about how manatees use Georgia warm-water outfalls; thus, the purpose of this study 
was to evaluate the occurrence of the Florida manatee in industrial warm-water outfalls 
along the Savannah River during the fall and winter months from 2008 to 2013 and 
2016. The Georgia Department of Natural Resources conducted opportunistic and 
systematic observations at the outfalls of Imperial Sugar Mill, Plant Kraft, and 
Weyerhaeuser Paper Mill in the Savannah River. There was a minimum of 21 days with 
sightings of manatees (2008=8, 2009=1, 2010=3, 2011=6, and 2012=3) in those 
locations during fall months (September-December), and a minimum of 4 days with 
sightings (all in 2010/2011) during winter months (December-March). The numbers 
have increased recently (n=22 days with sightings in fall 2016 and n=2 days in winter 
2016/2017), which demonstrates the need for alternative mechanisms to prevent 
possible cold stress-related deaths of manatees. Industrial discharges potentially 
reduce the number of deaths or delay the mortality of manatees caused by cold stress 
and serve as sources of drinking water for manatees; however, the limited area around 
the outfalls could force manatees to venture to colder waters to forage, potentially 
leading to cold stress. These sites could also increase the vulnerability of these marine 
mammals in case of eventual shutdowns or permanent loss.  
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        A freshly dead Gervais’ beaked whale was discovered stranded on the ocean 
beach of Salvo, North Carolina on the morning of July 18, 2012. Cape Hatteras National 
Seashore staff removed the carcass from the beach and met a team from NC State 
University Center for Marine Sciences and Technology (CMAST), NC Division of Marine 
Fisheries, and the NC Maritime Museum that transported it back to CMAST that 
afternoon. The 356 cm, 445.0 kg immature male was necropsied the following day. The 
teeth were not erupted. Left ribs 6, 7 and 8 and right ribs  7,8 and 9 were broken. After 
the pectoral fins were radiographed, we macerated the skeleton for five months. Further 
bone treatment included three 2-week soaks in a solution of Dawn dish soap and 10% 
household ammonia, and a five-day soak in 3.5% hydrogen peroxide. After drying in 
sunlight for several weeks the bones, still odiferous and greasy, were dried on an indoor 
wooden rack for an additional three years. Bone repairs and rearticulations were 
completed using 16 gauge PVC coated annealed rebar tie wire and Alumilite casting 
resin mixed with bone dust. Vertebral centrums were drilled to accommodate a 3/8” 
stainless steel support rod which extended into the cranium. The pectoral fin bones 
were mounted using 1/8” stainless steel rod, Plexiglas, E6000 adhesive, and stainless 
steel screws. Polyethylene foam was used to represent the intervertebral disks. 
Monofilament fishing line was used to support the mandibles and pelvic bone. Chevrons 
were attached using 1/16” stainless rod. The modular (seven sections) portable display 
weighs 12.32 kg, 85% of which is bone. Approximately 420 person hours were 
dedicated to this project. The cost of tools, materials, services, and supplies totaled 
approximately $1,900 
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Bottlenose dolphin (Tursiops truncatus) stock assessment reports are revised and 
updated as new information becomes available.  Previous Stock Assessment Reports 
(SARs) describe a coastal stock ranging from Cape Lookout, NC to Murrells Inlet, 
SC.  This stock description was based on limited matches among the Murrells Inlet 
catalog (CCU) and southern NC catalogs (MABDC), and the lack of matches with the 
Charleston catalog (NOS).  Stranding data supported this definition as stranding 
patterns in the northern portion of SC differ from the rest of the state and match the 
patterns from southern NC (McFee et al. 2006).  However, the current definition for 
coastal stocks leave an undescribed gap between Cape Lookout, NC and the SC/NC 
border, despite the well-established presence of coastal dolphins throughout this region 
in summer.  We conducted photo-identification surveys centered on Murrells Inlet 
(2013-2015), Little River (2014-2015) at the NC/SC state border, and off southern NC 
(summer and winter 2014).  Catalog comparisons between our internal catalog and 
among historical catalogs suggest that 3 coastal stocks occur off the Carolinas for at 
least part of the year.  During the warm months, dolphins ranged either from Murrells 
Inlet to southern NC or from Murrells Inlet to Charleston, SC, suggesting 2 stocks.  An 
analysis of coefficient of associations among dolphins sighted 3 or more times also 
suggests two potential warm water dolphin stocks with similar ranging patterns.  The 
Southern Migratory Coastal Stock was evident off northern SC in the fall by a short 
period of high dolphin density, but catalog matches among those individuals were 
limited.  Our data provides new evidence for a coastal dolphin stock ranging from Cape 
Lookout, NC to at least Murrells Inlet, SC, filling the current gap in stock definitions and 
suggesting revisions to coastal stock boundaries in the Carolinas. 
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PRELIMINARY COMPARISON OF STOMACH CONTENTS FROM STRANDED 
COMMON BOTTLENOSE DOLPHINS (TURSIOPS TRUNCATUS) WITH AND 
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An average of 94 common bottlenose dolphins (Tursiops truncatus) stranded each year 
from 1997-2016 in North Carolina. Byrd et al. (2014) reported that from 1997-2008, 60% 
of stranded carcasses could not be evaluated for evidence of human interaction, and of 
the bottlenose dolphin carcasses for which it was possible to determine the evidence of 
interaction, 46% showed evidence of human interaction including line or net marks, 
missing appendages, or attached gear.  For this study, 39 bottlenose dolphins that 
stranded between 2012 and 2016 in North Carolina were evaluated for signs of human 
interaction.  For each dolphin, length was recorded and stomach contents were weighed 
and identified.  Twenty-two dolphins showed evidence of human interaction (line marks, 
n=15; missing appendages, n=5; observed takes, n=2), while 17 showed no 
evidence.  For both groups, the most common prey were fish from the families 
Sciaenidae and Clupeidae.  The main effect of human interaction could not be 
interpreted because the interaction between length and human interaction was 
significant, but empirically we did observe differences in stomach content weight 
between the two groups.  Bottlenose dolphins with evidence of human interaction had 
stomach content weights ranging from 5.0 – 4500 g, while stomach contents for 
dolphins with no evidence of human interaction ranged from 0 – 350 g.  Overall, 19 
stomachs contained fresh fish remains.  Of these, only three were from dolphins with no 
evidence of human interaction.  Stomachs from dolphins with evidence of human 
interaction were significantly more likely to contain partially digested fish than dolphins 
with no evidence of human interaction (z = 2.482, p = 0.021).  The content weight and 
presence of partially digested prey in stomachs should be considered when evaluating 
animals for evidence of human interaction.   
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ESTIMATING THE ABUNDANCE OF THE NORTHERN SOUTH CAROLINA 
ESTUARINE SYSTEM STOCK OF BOTTLENOSE DOLPHINS (TURSIOPS 

TRUNCATUS) 
 

B. Tramutolo, E. DeSalvio, D. Silva and R. Young 
 
Coastal Carolina University 
 
Bottlenose dolphins (Tursiops truncatus) in the southeast U.S. are managed as multiple 
stocks under the protection of the Marine Mammal Protection Act. The Northern South 
Carolina Estuarine System Stock was first described in 2013 as dolphins living in the 
estuarine environment between Murrells Inlet and Price Inlet, South Carolina. This stock 
had no published estimate of abundance and the status of the stock is undetermined 
(Waring et al. 2016). The purpose of this study was to estimate abundance for the 
NSCESS and to investigate potential movements across the defined southern stock 
boundary.  One mark and two recapture photo-identification surveys, each 
approximately 240 km in length, were conducted in estuarine waters between North 
Inlet/Winyah Bay and the northern tip of Isle of Palms, SC from August 11 to October 2, 
2016. Standard photo-identification techniques were used to photograph and analyze 
dorsal fin images.   The package Rcapture for program R was used to estimate 
abundance, yielding a best estimate of 380 dolphins, calculated using the Mth Chao 
model  (CI = 304-456, CV = 0.23). Additional dolphin movements were investigated 
using dorsal fin matches from previous surveys in North Inlet/Winyah Bay, Cape 
Romain, and Charleston, SC.  Movements between Winyah Bay and Cape Romain 
were not observed during our surveys, but catalog comparisons revealed movements 
between these areas.  Some individuals were observed to cross the southern stock 
boundary, but it is unclear whether they belong to the NSCESS or the Charleston 
Estuarine System Stock.  The South Carolina coast south of North Inlet is characterized 
by a continuum of estuarine systems. Factors that limit dolphin movements across 
defined stock boundary lines are unknown. Here we provide the first abundance 
estimate for the NSCESS, but the southern boundary for this stock is not well defined 
and requires further investigation. 
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THE RANGING PATTERNS OF FEMALE ST. JOHNS RIVER BOTTLENOSE 
DOLPHINS (TURSIOPS TRUNCATUS) DIFFER BASED ON REPRODUCTIVE STATE 
 
Ashlen T. Ward and Quincy A. Gibson 
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        Bottlenose dolphin calves typically have the highest mortality rate during their 
first year. Mothers may attempt to combat this issue by forming nursery groups and 
utilizing nursery areas to increase protection for their dependent calves. The goal of this 
study was to analyze ranging patterns of adult female bottlenose dolphins by 
reproductive state (with or without calf) to determine if they are using nursery areas in 
the St. Johns River (Jacksonville, FL). Boat-based photo-identification surveys were 
conducted from Mar. 2011-Dec. 2016 and analyses were limited to females with at least 
five complete sightings (N=71). Sightings were separated into warm (>16°C; N= 2,292) 
and cold seasons (<16°C; N=166). Kernel density estimates were calculated in ArcGIS 
10.4.1 to determine home ranges (95% utilization distribution; UD) and core areas (50% 
UD) of females in each reproductive state. Sizes of home ranges (HR) and core areas 
(CA) did not differ by reproductive state, but both HR and CA decreased in size from 
warm (HR: with calf=25 km2, without calf= 29km2); CA: with calf=4 km2, without calf=3 
km2) to cold seasons (HR with calf=14 km2, without calf= 12 km2; CA: with calf=2 km2, 

without calf=2 km2). However, in both seasons, the location of core areas differed 
between females with calves and without calves. Identified core areas included Mill 
Cove and Mile Point, which have shallow depths of less than 3 m, which is common for 
nursery areas identified elsewhere. Knowledge of nursery area locations is important for 
developing better conservation and management policies. The current port expansion 
project in Jacksonville is occurring in these critical areas utilized heavily by vulnerable 
calves, and as a result could negatively impact the population. 
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‘UNTANGLING’ THE NORTH ATLANTIC RIGHT WHALE ENTANGLEMENTS IN 
COMPUTER MODEL 
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The North Atlantic right whale (Eubalaena glacialis, hereafter right whale), one of the 
most endangered large whales, is distributed along the east coast of United States and 
Canada. With isolated exceptions, right whales have not been hunted since 1914, and 
under the international protection, its population had recovered to around 500 
individuals in 2016 (Pettis & Hamilton 2016). However, right whales are currently 
threatened by human activities like fisheries and shipping, with entanglement in fishing 
gear being a persistent and significant problem (Kraus et al. 2016). 
In contrast to the apparent decline in occurrence of vessel collisions due to the 
regulations on vessel speed issued in 2008 (van der Hoop et al. 2015), the risk of 
entanglement is still high with ca. 80% of the population showing at least some 
evidence of entanglement (Knowlton et al. 2012). The mechanisms of how individual 
whales become entangled are still unknown. In situ observations of the ‘process’ are 
restricted by remote distance, time, and visibility. Moreover, the complexity and result of 
entanglements are different case by case, making ‘untangling’ the mechanisms more 
difficult. 
The Entangler (Bellequant Engineering, 2016) is a computer program that stimulates 
the entanglement process and calculates the induced force on the animal. The 
Entangler allows users to set different ‘scenarios’ and trigger events on a 3-D North 
Atlantic right whale model. These scenarios include environmental parameters, e.g., the 
initial position of the animal, current speed, and allows the user to alter how animal 
reacts to the gear, e.g., left roll, pitch up. 
This project intends to answer following questions by using the Entangler: How do 
animal’s reactions upon encountering fishing gear affect the level of forces during 
entanglement? What are the possibilities that the right whale sheds the gear off in 
different scenarios? The preliminary results indicate that rolling during an encounter with 
gear increases the probability of entanglement. 
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WHY THESE STOCKS? 
 
Robert F. Young and Dani C. Silva 
 
Coastal Carolina University 
 
Bottlenose dolphins along the US Atlantic coast are currently divided among five coastal 
stocks, nine estuarine stocks, and one offshore stock.  Much effort has been put forth to 
identify and define these stocks for management purposes, most notably aerial and 
boat-based surveys, photo-identification surveys, and biopsy/genetic analyses.  There is 
general consensus that some of these stocks are strongly supported while others 
require additional study with likely revisions expected.  However, little attention has 
been given to the ecological and behavioral underpinnings that have selected for these 
stocks and the potential guidance this information may provide toward stock 
delineation.  Our objective is to provide context for productive conversations regarding 
why specific stocks have selected for particular patterns of range, habitat use, and 
seasonal movements.  Specifically, given patterns of regional and seasonal productivity, 
habitat structure, and dolphin physiology and social structure, we will explore why and 
where coastal stocks should transition from migratory to non-migratory, why and where 
non-migratory coastal dolphins may segregate into stocks, and why and where dolphins 
inhabiting adjoining estuarine systems might segregate into separate estuarine 
stocks.  We will then compare these theoretical patterns with the current management 
scheme, hoping to spark discussion and potential new investigations.     
 
 


