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Background
A. Species Description'

Bottlenose dolphins belong to the Order Cetacea, Family Delphinidae and Genus Tursiops.
Currently, all forms of Atlantic bottlenose dolphins are assigned to the species truncatus, although
this status may change as more knowledge is obtained about the different forms now considered to be
separate Tursiops rruncatus stocks.

Bottlenose dolphins are distributed throughout U.S. Gulf of Mexico and U.S. Atlantic waters.
In the U.S. Atlantic, this species is distributed along the coast from Long Island, New York to the
Florida Keys. North of Cape Hatteras, North Carolina, this species demonstrates a disjunct
distribution, with concentrations of animals near-shore (in embayments and -within several kilometers
of the coast) and offshore, near the continental shelf margin, from 60 to 200 km from the coast.
South of Cape Hatteras, the nearshore/offshore distribution pattern is less distinct and there appear to
be latitudinal clusters of animal concentration rather than the longitudinally discrete concentration
areas found north of Cape Hatteras (Fig. 1).

Seasonal density distribution patterns have been described for U.S. waters north of Cape
Hatteras (CETAP, 1982) and south of Cape Hatteras (Burn et al., 1987). During summer in the U.S.
Atlantic, bottlenose dolphins are distributed along the coast, usually as far north as Long Island, New
York, and offshore as far north as Nova Scotia, Canada. The main coastal concentrations of
migratory bottlenose dolphins during the summer occur from North Carolina, northward to New
Jersey (Fig. 2). During autumn, density distribution patterns suggest near-shore animals migrate
south along the coast to Florida. During winter, coastal migratory bottlenose dolphins do not occur
north of Cape Hatteras, but rather, are distributed from south of Cape Hatteras to the central Florida
coast. They are concentrated at the southern end of their range at this time (Fig. 2). Although
bottlenose dolphins occur year-round along the southeastern Florida coast, in winter they are only
about 1/10th as abundant as along the central and northeastern Florida coast (Burn et al., 1987).

During spring, the dolphin distribution again shifts nortnward along the coast. Tt is unciear if
the offshore portion of the population follows a similar north-south pattern, or what the actual extent
of offshore distribution might be, since sampling has generally been limited to areas within 200 km of
the coast.

"Faken from Scott et al. (1988) .



Figure 1. Distributional Range of Bottlenose Dolphins along the U.S. Atlantic Coast

Figure 2. Areas of Major Concentrations of Coastal Migratory Stock(s) of Bottlenose Dolphins




Stock Differentiation: There appear to be both near-shore and offshore forms (stocks) of
bottlenose dolphin along the U.S. Atlantic coast and in other ocean areas (Hersh, 1987a: 1987h).
Burn (1988) found the pattern of strandings to correlate with the hypothesized coastal migratory
pattern, which was based on density distributton patterns along the U.S. east coast (Iig. 3). The
stranding data collected during 1987 and 1988, and the observed density distribution patterns along
the U.S. Atlantic coast, support the hypothesis of a single coastal migratory stock of animals that
ranges seasonally as far north as Long Island, New York and as far south as central Florida. It has
been observed that many geographically localized populations of dolphins in the Gulf of Mexico and
Atlantic waters show seasonally cyclical patterns in abundance, suggesting emigration from and
immigration into embayments (Shane, 1980a; Gruber, 1981; Shane, Wells and Wiirsig, 1986). It has
been well documented that there are both resident and transient animals that utilize localized, near-
shore environments over numerous years (Scott, 1990). The working hypothesis for bottlenose
dolphin stock structure in southeastern U.S. waters 1s that the near-shore bottienose dolphin
population is composed of local, resident stock(s) in certain embayments, and also transient stock(s)
which migrate into and out of these embayments on a seasonal basis (Hersh, 1987a; Scott, 1990). It
is these coastal stock(s), in general, which were the subject of this workshop, and more specifically,
the coastal migratory stock(s), inasmuch as it can be distinguished from the resident stock(s).

Figure 3. Interquartile Latitude Range of Bottlenose Dolphin Strandings Along the U.S.
Atlantic Coast, June 1987-March 1988
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B. The 1987/1988 Die-off - What Happened?’

Introduction: From carly June, 1987, until March, 1988, unprecedented numbers of
bottlenose dolphins, Tursiops truncatus, washed ashore along the Atantic coast from New Jersey to
Florida. Details of the initial response to the event, subsequent organization of a multi-disciplinary
team of investigators, and scope of the analyses were provided in an unpublished Interim Report
submitted to the U.S. Marine Mammal Commission in May 1988. An account of the extent and
impact of the mortality was prepared by Scott et al. (1988).

The event was unparalleled, and therefore demanded a comprehensive investigation of
proximate and contributing factors. Routine laboratory protocols were modified to meet rigorous
research standards. Contributing laboratories with expertise in pathology, biochemistry,
microbiology, virology, contaminants, and biotoxins performed analyses on coded samples from the
dolphins. Specimens for contaminant and biotoxin analysis were mixed with controls from unrelated
lursiops and four other cetacean species. At the termination of each study, data were transferred to
our laboratory at the University of Guelph, and integrated with identifying information.

This report describes how the investigative process evolved, and the evidence implicating a
biological toxin as the proximate cause. The dolphins apparently were poisoned by brevetoxin, a
neurotoxin produced by the dinoflagellate Ptychodiscus brevis, Florida’s red tide organism. The
dolphins were eventually infected with a host of bacterial and viral pathogens which produced an
array of beguiling clinical signs.

Discussion: Between the time the first dolphin stranded in New Jersey in June 1987, and the
last on Florida’s east coast eleven months later, over 740 animals died. The exact toll 1s not known.
since almost certainly some animals were not recovered. However, Scott et al. (1988) estimated that
50 percent or more of the coastal migratory stock between Florida and New Jersey died during this
period. Without a guiding precedent to help uncover the cause, it was necessary for the investigation
to sweep a broad range of disciplines before settling on the eventual path to the probable solution.
The two most likely potential causes for an outhreak of this kind were consideredto be infectious
disease and poisoning. After weighing evidence from 18 months of field and laboratory analyses, we
concluded that brevetoxin, the neurotoxin produced by the dinoflagellate Prychodiscus brevis,
probably was the proximate cause of this devastating event.

Early findings led the investigators away from microbial agents as the principal cause of
death. There was no single pattern of illness that could be associated with a known pathogen, though
it was clear that infectious agents contributed to and sometimes dominated the clinical picture. The
first animals to come ashore on Virginia Beach in late summer clearly had been ill for some time,
with a condition that ultimately affected skin, liver, and lung, and led to the accumulation of fluid in
the abdominal and thoracic cavities. Meanwhile, in New Jersey, Drs. W. Medway (University of
Pennsylvania) and D. Roscoe (New Jersey Division of Fish, Game and Wildlife) indicated in personal
communication that carcasses there were in better condition and less affected with secondary bacterial
infection. [t appeared these differences were regional; dolphins coming ashore on Virginia Beach
died in warmer waters heavily contaminated with opportunistic bacteria. Over 50 percent of the 21

"Taken from Geracl ot al. 11988)



species of potentially pathogenic bacteria isolated from 48 dolphins were of the genus Vibrio. These
seemed to have been associated with some of the problems in skin and blood vessels that ultimately
killed many of the animals but were not the primary cause of disease. The overwhelming nature of
some of the infections, which probably arose in the lung, may have been related to
immunoincompetence, the cause of which cannot be established. The depletion of lymphoid follicles
in spleen, lymph nodes, and the intestine supports this suggestion.

Some dolphins also had viral infections. Eight had a skin condition characteristic of dolphin
pox (Geraci et al., 1979), complete with suspicious inclusion bodies but in which no virus particles
could be detected. In view of public sentiment expressed during the outbreak, it was comforting but
not surprising to learn that none of the dolphins examined showed evidence of retroviruses, the group
of viruses associated with Acquired Immune Deficiency Syndrome (AIDS) and whose counterparts in
animals could have been a cause of reduced ability to fight normally harmless diseases. In any event,
such viruses have a long latent period, and would not likely culminate in a single outbreak of disease.
Dr. K. Somers is continuing to characterize the reovirus-like particles isolated from an ulcer on the
palate of a dolphin. It is premature to comment on the serological titers to canine distemper virus, a
morbillivirus, in 6 of 13 blood samples. Kennedy et al. (1988) have diagnosed morbillivirus infection
and found distemper-like lesions in harbor porpoises, Phocoena phocoena, from the Irish sea. We
found no evidence of such infection nor was a morbillivirus detected using techniques suitable for its
propagation. It is possible that the dolphins had been previously infected with a virus that escaped
detection, or was no longer present at the time of the outbreak. A study must be undertaken to
determine whether the virus or other antigen responsible for the serological reaction is widespread in
dolphins and whether it is a pathogen. This calls for an examination of blood samples from a broad
range of cetaceans, and an investigation into the nature of the antigen.

Geographic and temporal patterns of mortality also lacked the hallmark of infectious disease.
During August 1987, at least 125 dolphins stranded dead along the Virginia coastline; nearly 50 came
ashore in each of the months before and after. Others, according to fish-spotter/pilot Mr. D.
Thompson, were reported dead in small clusters at sea 18 miles from Cape May, New Jersey (August
21, 1987). To create such an overall pattern, an infectious agent would have had to be highly
virulent -- causing acute disease across all ages and both sexes, spreading rapidly over a broaa
geographic range, and killing groups of animals without pause. Viruses and some bacteria introduced
either by airborn transmission or through direct contact are capable of producing such havoc. Seals
exposed on crowded rookeries have fallen victim to epizootics of influenza (Geraci et al., 1982),
morbillivirus, (Mahy et al., 1988; Osterhaus and Vedder, 1988) and leptospirosis (Vedros et al.,
1971). Yet there is little to suggest that these or other contagious organisms could spread as
explosively among cetaceans. Dolphins are more dispersed in an environment which, unlike air, solid
substrate or even a closed body of water, would not readily support the transmission of such agents.

The accumulating evidence led us to consider a point source contaminant as the cause of
mortality. This was also a subject of public concern, as reflected by a train of media reports that
sewage and toxic wastes were being discharged in the New York Bight and Delaware Bay areas. We
approached the Environmental Protection Agency to obtain information on permitted and illegal
dumping of municipal and industrial wastes off the mid-Atlantic states, and submitted tissues for
heavy metal and organochlorine contaminant analysis.



Levels of contaminants in the dolphin’s blubber were found to be among the highest recorded
for a cetacean (Gaskin et al., 1971; 1983; Aguilar, 1983; Tanabe et al., 1984; Martineau et al., 1987:
and Muir et al.; 1988). Unfortunately, it is not possible to compare the levels with those in other 7.
truncatus, as the only study on this species employed a different technique (King, 1987). To ensure
that the high values were not an artefact of our methodology, we analyzed blubber and liver samples
from pilot and humpback whales, and harbor porpoises, for which published data exist. Results of
PCB, DDE, and t-nonachlor analyses on the pilot whales agree closely with the recent findings of
Muir et al. (1988) for the same species. Residues in the blubber of humpback whales (DDE and
PCB) are comparable to those reported by Taruski et al. (1975).

Our DDE and PCB values in the harbor porpoise are similar to or lower than Gaskin et al’s.
(1971; 1983). The values in Tursiops stand unreservedly among the highest in cetaceans - a
commentary on the state of eastern coastal waters.

High organochlorine levels in T. truncatus were not restricted to the stranded group; the
captives had concentrations similar to those in all but the stranded mature males. The results for the
beach-cast specimens obviously reflect the levels of contaminants in the nearshore environment, where
the dolphins accumulate these substances. The residues occur in the blubber of captives perhaps
because they are given contaminated food, or more likely because with a steady diet, they have no
need to mobilize blubber fat, which would deliver the compounds to liver for excretion. Under these
stable conditions, the presence of organochlorines in blubber may not pose a risk. Free-ranging
animals facing intermittent food supply, or mobilizing fat during lactation, migration, or times of
illness, release compounds from this depot into vital, perhaps more critical organs such as liver.

Considering the evidence that at least some of the dolphins were mobilizing PCBs from
blubber to liver, it is conceivable that blood levels rose and were sustained long enough to .exert.an
effect. One class of organochlorines, the polychlorinated biphenyls (PCBs), can be harmful following
both acute and chronic exposure (Safe, 1985). Typically affected are liver and skin, and nervous.
reproductive, and immune systems (Safe, 1985). Yet we cannot categorically relate any of the
conditions observed in the dolphins to the known effects of these compounds because of vast
differences in response within and between species. Furthermore, it is unlikely that coniaminants
were the key to the event. The timing of the outbreak would have required that these compounds be
mobilized to functionally toxic levels within a synchronized time-pulse. This is an unlikely scenario
for substances which for decades have been a constant ingredient in their environment and body
tissues, unless something else triggered their release by first debilitating the dolphins.

Biotoxins were considered to have this capability. The possibility was strengthened when
saxitoxin, a neurotoxin produced by marine dinoflagellates, was found to be responsible for the deaths
of 14 humpbacks whales, Megaptera novaeangliae, in early December 1987 and January 1988, in
Cape Cod Bay (Geraci et al., 1989). Following that study, we analyzed liver samples from 17
dolphins that had died during the early, middle and late phases of the outbreak. There was no
evidence of saxitoxin in these tissues

By late summer 1988, some of the dolphin liver samples were reported to contain brevetoxin
(PbTx), a lipid-soluble polyether toxin produced by the unarmored marine dinoflagellate Prychodiscus
brevis, Florida’s red tide organism. The neurotoxin is extraordinarily potent, capable of generating
effects in the nanomolar to picomolar concentration range in vivo (Schulman et al., 1990). When the



analyses were completed in January, 1989, PbTx was found to be in the livers of 8 of the 17 beached
dolphins collected during the outbreak. No toxin was detected in any of the 17 controls, selected
from dolphins that died in captivity, others in regions or at a time not related to the fatalities under
investigation, and three that died during capture in October, 1987 (Table 1). A greater number of
analyses would have added statistical weight to these findings, yet the tests are time-consuming, and
by this writing, 34 dolphin samples in addition to the fish specimens were all that could be processed.
The pattern is nevertheless clear: 47 percent of the 17 diseased animals contained the toxin; all the
rest did not.

Levels in dolphin liver ranged between 80-16,000 ng/g, and the calculated total amount in that
organ was 0.08-14.7 mg. Assuming all the toxin was confined to liver, the total body burden would
have been 2-290ug/kg, comparable to or orders of magnitude higher than the 2.85ug/kg level known
to cause illness in man (McFarren et al., 1965). These values are conservative. Standard extraction
procedures are only qualitative for one unaltered form of PbTx. Other forms that are covalently
bound or otherwise modified were not considered, nor is it reasonable to assume that all the toxin was
in the liver.

Signs of PbTx poisoning in fish and mammals are related to its action on the nervous system.
Mice lose motor control, become paralyzed and die of respiratory arrest (Baden and Mende, 1982).
The site of action is the voltage-sensitive sodium channel in excitable membranes, where the toxin
causes increased sodium flux with subsequent depolarization and persistent activation of excitable cells
(Poli et al., 1989). Death is rapid, and there are no reports of discernable histopathologic changes in
acutely poisoned animals. Might this account for the presence of PbTx in a menhaden recently
consumed by dolphin KDL 644 (SWE-TT-B804-B) that showed no evidence of toxin in its liver?

Most of the dolphins did not die this way. They manifested an array of chronic disorders
including fibrosis of liver and lung, adhesions of abdominal and thoracic viscera, and secondary
microbial infections associated with immune suppression, as evidenced by histological changes in
lymph nodes. We suggest that sublethal exposure to PbTx precipitated the train of events leading to
some or all of these chronic changes. PbTx promotes peripheral vasodilation (Poli et al., 1989) and
is cardiotoxic (Rodgers et al., 1984). As a toxic aerosol, or once absorbed, 1t disrupts neural control
of respiration (Borison et al., 1980) and induces bronchoconstriction (Baden et al., 1982). Symptoms
of poisoning in humans reflect the gastrointestinal and neurologic action of the toxin. They include
nausea, vomiting, diarrhea, reversal of temperature sensation, ataxia, and numbness and tingling of
extremities (Baden, 1983). A dolphin so affected would likely stop eating, eventually exhaust its
blubber reserve, and thereby lose its passive buoyancy and thermal shield. The stress associated with
these changes alone could set the stage for infection by the ubiquitous opportunistic organisms that
were isolated from the affected dolphins. Superimposed on this, any direct neurotoxic effect of PbTx
would be particularly threatening to a diving mammal.

How Were Dolphins Exposed to the Toxin?: Red tides in southeastern U.S. waters
normally originate 20-75 km west of the central Florida coast in the Gulf of Mexico (Steidinger and
Haddad, 1981), and generally dissipate. Occasionally, as in 1972, 1977, and 1980 (Roberts, 1979;
Steidinger and Baden, 1984), they can be entrained and transported to the east coast of Florida by the
Gulf Loop Current-Florida Current-Gulf Stream system. This happened in the fall of 1987, and
resulted in the eventual closure of shellfish beds along the North Carolina coast; there also were
reports of respiratory and eye irritation in fishermen and residents (Tester et al., 1989), yet the toxin



was found in the livers of dolphins that beached in Virginia three months before that time. They
must have encountered the organisms sometime and somewhere along their northerly migration route.

In February, 1987, a P. brevis bloom was 25 km from a point where Gulf waters are
transported to the east coast. Drift bottle data (Williams et al., 1977) suggest that a fragment could
have reached the east coast by spring of that year. The possibility exists that blooms had been
occurring all summer in and adjacent to the Gulf Stream, and went undetected until a filament reached
the North Carolina coast in October, 1987. Such blooms would have been difficuit to detect at sea,
as they are not easily seen from vessels and there would have been little in the way of toxic aerosols,
which are generally produced by waves and surf action in shallow waters. Planktivorous fish might
have consumed the cells offshore during their migration northward, and dolphins could have obtained
this toxin by eating these fish or their predators. These conditions would have exposed dolphins both
directly in water, and indirectly in food, to PbTx for an extended period, with effects manifested a
short time later as they reached the mid-Atlantic coast.

Brevetoxin was recovered from three yellowfin menhaden, Brevoortia smithii, caught off Vero
Beach, Florida in late February 1988, and one unidentified menhaden taken from the stomach of a
dolphin that stranded near Cape Canaveral on January 12, 1988. The finding of brevetoxin in fish at
that time and place suggests that there was a persistent, undetected bloom that kept the food-web
contaminated through the winter. Alternatively, the bloom that had delivered the filament to North
Carolina in October 1987, had dissipated and left fish contaminated for at least three months. The
first scenario challenges our understanding of the process of P. brevis blooms, the second of the
dynamics of brevetoxin transfer in marine organisms.

In the fall of 1987, on their southerly migration, dolphins encountered the bloom off North
Carolina. P. Tester (NOAA-NMES Beaufort Laboratory, personal communication) observed dolphins
surfacing in the blooms at that time. Three months later, and perhaps all along, they were feeding on
contaminated fish. We believe that this second encounter with the toxin was responsible for the wave
of stranded animals recovered along the Florida coast in the winter of 1987/1988; three of six
dolphins examined had PbTx-2 in their livers.

Levels of PhTx in the viscera of the live-caught menhaden translate to 200ug of toxin per
500g fish. Using this value, a dolphin feeding on menhaden at a rate of 10 kg each day would
consume 4 mg of PbTx. That is below the 6 mg/kg LD50 for mice, but if general toxicological
dogma is applied, much lower doses would be required to incapacitate an animal as large as a
dolphin. In fact, only 0.2 mg can cause illness in people.

Not all the dolphins were poisoned by eating fish. PbTx was found in the livers of three
nursing calves. Dolphin WAM 295 (Table 1), with the highest concentration of PbTx in liver, was
estimated to be less than 3 months of age. The toxin had to have been delivered in the milk,
suggesting that like other lipid soluble residues, PbTx may be stored in fatty depots and mobilized
along with fats as the animal draws on these reserves. There is no precedent for the finding of PbTx
i milk, nor has this route of PhTx climination been considered.

The circumstantial evidence suggests that PbTx is the most probable cause for the mortality.
Contributing to the ultimate demise of the animals was a host of microbial and environmental factors.
This is unlikely to have been the first time that dolphins have been exposed to the toxin. P. brevis



blooms regularly occur on the Gulf coast of Florida. There they are restricted geographically, in
contrast to dolphins, which move about freely. The chance of encounters is therefore reduced. They
do oceur, and at least one other associated mortality of dolphins has been reported (Gunter et al.|
1948). Because there has been no search for biotoxins in stranded animals, other poisonings would
have gone undiagnosed. One might also speculate that dolphins in the Gulf of Mexico have
encountered blooms often enough to associate malaise with the ingestion of toxin-containing
organisms or the aerosol, and thereafter avoid contact.

The episode along the east coast obviously required that the circumstances that delivered the
organisms there be coupled with the presence of carrier-fishes situated in the path of migrating
dolphins. The unparalleled scope of this event would suggest that all of these conditions have been
met rarely, if at all, in the past. The summer of 1987 was unusual by any measure. In North
Carolina, human poisoning from consumption of fish (Bonaventura and Bonaventura, 1987) and
shellfish (P. Tester, personal communication) further attest to the unusual conditions that year.

The toxin in yellowfin menhaden has relevance to human health. Though not a fish that is
commercially harvested, its southern range overlaps with related species of surface-feeding
planktivores that are. In this case, the toxin was present in viscera and not the flesh, thus presenting
no risk to humans consuming traditionally prepared fish, or in the oils, which are extracted under
conditions that should destroy the toxin (Poli, 1988). To establish whether a risk in fact exists,
studies should be directed toward determining the uptake, distribution, persistence and transfer of
PbTx in some representative commercially exploited species.

The discovery of PbTx inthe dolphins and its previous circumstantial {ink to manatee deaths
(O’Shea et al., 1991) lead to a new generation of thought on factors contributing to natural mortality
of marine mammals. Many questions will remain unanswered until directed studies are pursued.
They must include: biological toxins; studies on effects of chronic, sublethal exposure to PbTx;
retrospective correlations between blooms and peak episodes of mortality; and determination of the
environmental conditions that lead to the unusual event of 1987. Equally important is the need to
resolve the growing question of whether contaminants at levels found in the dolphins might have
affected their resilience and rendered them more susceptible either to the toxin or to the
microorganisms that eventually brought them to their demise.

Editor’s Note: Since the time when this workshop report was given, Dr. Thomas Lipscomb, of the
Armed Forces Institute of Pathology, presented preliminary results of analyses conducted on tissues
from several of the dolphins obtained from the 1987/1988 mortality event. Lipscomb et al. (in press)
histologically examined lungs and lymph nodes from 79 dolphins that died from August 6, 1987 to
April 16, 1988 along the Atlantic coasts of New Jersey, Virginia, and Florida. These tissues were
tested for the presence of morbillivirus antigen by an immunoperoxidase technique. Indications of
morbilliviral infection were present in 42 (53%) of the 79 dolphins examined. The results of this
study will be published in the Journal of Wildlife Diseases, most likely in the October 1994 issue.



Table 1. Results of Brevetoxin Analysis in Dolphin Samples from the 1987/1988 Die-off.

Sample

Bioassays

2nd

3rd

HPLC

Conc
ng/g

Stranded, Virginia, Aug 1987

WAM 239

WAM 231

WAM 226

WAM 214 -

WAM 219

JGM 448

Stranded, Virginia, Sept-Oct 1987

WAM 295
WAM 280
WAM 296
WAM 282
CWP 273
Stranded, Florida Jan-Feb 1988

S-88-TT1-51

S-88-TT-57

S-88-TT-01

S-88-TT-11

K 644

SS-88-TT-04

Died During Capture, Virginia Beach, Oct 1987

+ o+ o+ o+

-+

+ 4+ o+ o+

+ 4+ =+ + o+

+ o+ o+ 4+

+ + o+ o+ o+

A
t

+ 4+ o+

VB-87-004
VB-87-014
VB-87-009
Stranded, Texas 1987-1988

C 552
C 391
C 575
Stranded, mid-Atlantic Coast, Aug-Nov 1988

+ +

+ o+

WAM 1331
WAM 336
WAM 340
WAM 332
WAM 335
WAM 339
Captive Tursiops

MHE2222 1.21

MH7408 1.22

MH7516

MH79179

Stranded, Cape Cod 1983

MH&3216

e S SR

+ + o+ o+t

+ 4+ o+ o+

+

A

N+ o+ o+

93
83

15820
14530
1851

14700
310
155

"Peak present, but did rot comigrate with standard.

°No peak suggestive of PhTx.
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C. The Coastal Migratory Stock - The Depleted Determination®

Introduction: In the United States, marine mammal populations are managed under the
legislative authority of the Marine Mammal Protection Act (MMPA) of 1972 (as amended). The
management goal defined in the MMPA is optimum sustainable population (OSP) level, which has
been defined to be population levels at or greater than those that produce maximum net productivity
(MNP) to the ecosystem carrying capacity. Population stocks outside of OSP (below MNP) are
defined as depleted. Removal of animals (incidental bycatch, live-capture, etc.) can be legally
authorized from non-depleted stocks.

Although there is considerably more information on bottlenose dolphins than most other
cetacean species, for the most part, information necessary for determination of stock status relative to
OSP levels is inadequate. Generally, long, consistent.indices.of population production and abundance
are necessary to determine OSP. However, there are cases where catastrophic changes in
populations can occur, thereby allowing assessment of the degree of change and status relative to
OSP. The recent massive die-off of bottlenose dolphins along the east coast may be such a case.

During the summer and fall of 1987 and the winter of 1988, an apparent disease epidemic
resulted in the death and stranding of an unusually large number of Atlantic bottlenose dolphins,
Tursiops truncatus, along the U.S. east coast from New Jersey 1o central Florida. In response to this
anomaly, a multi-agency team was formed to investigate the causes and effects of the mortality event.
This paper is directed at the second component of the investigation: assessment of the effects of the
mortality event.

Population Levels and Indices of Change: At the present there is no comprehensive
estimate of the size of the stocks of bottlenose dolphins in U.S. jurisdictional waters. The abundance
of bottlenose dolphins in certain "priority” regions has been estimated. Scott, Hansen and Burn
(1988) summarized these estimates and proposed that the number of bottlenose dolphins comprising
the numerous stocks throughout both the U.S. Gulf of Mexico and U.S. Atlantic waters prior to 1983
may have ranged to at least 23,000 individuals. Extrapolation of this estimate to existing abundance,
however, assumes that the stocks have been stable oveia period of 15 or more years and that no net
migration occurred during the different sampling periods of the studies summarized. The abundance
of the stock(s) affected by the apparent disease epidemic was certainly less than the total number of
U.S. Gulf of Mexico and U.S. Atlantic bottlenose dolphins.

Historically, about 15,000 animals are thought to have lived in mid-Atlantic near-shore
waters, based on North Carolina shore-based fishery catch records from the turn of the century
(Mead, 1975). In 1979-1981, the estimated average mid-Atlantic summer abundance of bottlenose
dolphins is believed to have ranged from 4,300 to 12,900 animals (95 percent confidence region),
including both the near-shore and offshore groups (CETAP, 1982). The best available information
suggests that in recent times, coastal North Carolina and Virginia supported 1,200 or more dolphins
during part of the spring and summer (Mead, personal conununication). This number may have
represented a substantial portion of the mid-Atlantic coastal migratory stock prior to the discase
epidemic.

'Taken from Scott ct al. (1988).



Population survey data from several independent sources suggest that there was a greater
abundance of dolphins near-shore in 1987 and early 1988 than in recent prior years (Keinath and
Musick, 1988; Valade, personal communication). Offshore, the abundance of dolphins may have been
slightly lower in August, 1987, than in the summers of 1980-1981 (Scott and Burn, 1987). The
apparent increase in near-shore abundance might have been caused by immigration from the offshore
stock, a real increase in the coastal stock, concentration of animals from wide geographical range, a
change in the sightabilty coefficient for animals surveyed, or some combination of these factors.

Table 2. Summary of Coastal U.S. Atlantic Bottlenose Dolphin Strandings from January 1982
to May, 1987, Classified by Interaction Type. Data Provided by Smithsonian Institution Marine
Mammal Events Program.

State All Fishing Parts Gunshot  Prop Broken Other p' f!
Gear Missing  Wounds  Wounds  Bones

MA 3 1 0 0 0 0 0 33.0 3.5-6.9
RI | 0 0 0 0 0 0 0 0
NY 2 0 0 0 0 0 0 0 0

NJ 4 0 0 0 1 0 0 25.0 2.3-4.7
DE I 0 0 0 0 0 0 0 0
MD 7 0 0 0 0 0 0 0 0
VA 70 8 5 0 0 1 0 20.0 1.8-3.5
NC 122 3 3 0 0 0 | 5.7 0.4-0.8
SC 9 0 0 0 0 0 0 0 0
GA 38 1 4 1 0 0 0 15.8 1.3-2.6
FL? 129 4 3 0 0 ' 0 0 5.4 0.4-0.8
Total 386 17 15 1 1 1 1 913 0.7-1.4

'p = Percent of total strandings resulting from human actions; f, expressed as percent, represents the
estimated annual human-induced mortality rate using p and the range of natural mortality rates 7-14
percent per year.

‘Data for Florida represent central Atlantic and northern coastal regions only.

It is not clear if both the coastal and offshore stocks were affected by the mortality event.
The size and coloration of some of the stranded animals examined suggested that both of the groups
were involved (Mead, personal communication). In addition, reports received from fishermen and
recreational boaters of floating carcasses in the offshore mid-Atlantic region, although not verified,
further suggested involvement of the offshore group. Duffield (personal communication) analyzed 36
blood samples from different stranded and live-caught bottlenose dolphins sampled from Virginia and
Florida during the mortality event. All but one of the samples analyzed exhibited the coastal
hemoglobin characteristics (Duffield, Ridgway and Cornell, 1983). The single different sample
exhibited hybrid coastal/offshore characteristics. This result does not necessarily imply that the
offshore stock was unaffected, since the likelihood of an animal dying offshore and then being cast
ashore is cxpected to be considerably less than that for an animal dying near the coast. There were
no known animals from resident, local dolphin stocks, such as the Indian and Banana River, Florida
stock, found stranded with symptoms of the disease epidemic. The best information suggests that the
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observed mortality may have primarily affected the coastal, migratory stock of animals that ranges
between Florida and New Jersey.

The most direct means of assessing the impact of the mortality on the dolphin populations is
by comparison of consistent pre- and post-event population indices. Assessment of impact on the
basis of the number of dolphins stranded relative to the population at large is dependent on
assumptions about the accuracy of abundance estimates and the relationship between the stranded
carcass count and the true total mortality (Scott and Burn, 1987). The number of animals observed
washing ashore is likely a fraction of the total mortality. There is also some chance that the reporting
rate of stranded carcasses differed between the years prior to the stranding anomaly due to increased
public awareness in 1987/1988. In addition, the accuracy of absolute abundance estimates may be
questionable since the estimates are usually of surface abundance unless there has been an effort to
correct for animals submerged at the time of the sample.

For the offshore stock in the mid-Atlantic region, a comparison of pre-event (1980-1981)
average population index, and an index based on a sample taken in August 1987, was used to assess
the likely range of the impact of the mortality on the stock (Scott and Burn, 1987). The 1987 sample
indicated that the impact through August was most likely small (< 10 percent) relative to the 1980-
1981 summer abundance level. Because the mortality event was not complete at the time of the
August 1987 sample, and due to the uncertainty about the population trajectory since 1981, this result
needs further testing.

For the coastal stock of dolphins, there are no consistent pre- and post-event population
survey indices yet available with which to assess potential impact. The pre-event patterns observed in
areas such as the Chesapeake Bay mouth (Keinath and Musick, 1988) and Nassau County, Florida
(Valade, personal communication), may be confounded by the apparent increase in abundance in 1987
and 1988, Thus, the potential impact on the coastal stock was.estimated by comparison of the die-off
period to prior year average stranding rates. Inherent in this estimation is the assumption that
stranding rate is a consistent index of the stock mortality rate.

As of June, 1988, 742 stranded bottlenose dolphins from New Jersey to Florida’s east coast
were reported to the Smithsonian Institution’s marine mammal stranding events program for the 11-
month period from June, 1987 through April, 1988 (Mead, personal communication). In the prior 3
years, for the same geographical range and months, an average of 73.33 dolphins were reported to
the stranding network. Thus, the 1987/1988 anomaly represents an order of magnitude increase
(10.11 times) in reported strandings relative to the most recent 3-year historical level. Natural
mortality rates on the order of 7 to 14 percent per year are believed to encompass the most likely
range for bottlenose dolphin populations (Hersh, 1987c). Assuming the stock natural mortality rate
(m) to be the lower end of the reported range (7 percent per year, 6.42 percent per 11 months), that
the observed mortality wholly affected the near-shore stock, and further assuming that the reported
stranding rate is proportional to m and consistent between years, then the observed mortality
represents an | 1-month m of 64.9 percent. An annual m would be slightly larger than this value if
only the long-term average risk of death was applied to the final 1-month period.

The annual rate of change in the dolphin stock abundance is the difference between the annual

mortality rate, annual birth rate, and annual net immigration rate. For the coastal mid-Atlantic stock
of dolphins affected by the disease epidemic, Blaylock (1984) observed up to 11.5 percent of the
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population sampled were calves, implying an annual birth rate (b) on that order. Data collected from
stranded animals suggest that calving for this stock occurs in the spring and is not generally protracted
over the year. Thus, a potential decline for this stock since early 1987 is estimated as > 50 percent
(b - m = 53.4 percent).

Table 3. Parameter Values Used in Simulations of the Dynamics of the Coastal Migratory
Stock(s) of Bottlenose Dolphins.

Symbol Values

Natural Mortality Rate m 0.07, 0.14
Human-induced Mortality Rate f 0.0, 0.007 m=0.07
0.0, 0.014 m= (.14
Maximum Net Productivity Rate MNP 0.02
0.04, 0.06
Maximum Net Productivity Level MNPL 0.6,0.8
Median Age at Sexual Maturity X 8, 11, 14

Estimates of Human-induced Mortality: The magnitude of annual removals from this stock
due to incidental catch and other directed human causes is not well documented. - Marine mammal
stranding data provide information useful for estimating an index of human-induced mortality of
cetaceans in the U.S. Gulf of Mexico and along the Atlantic coast. Many of the cetaceans that strand
are examined for causes of mortality. Burn and Scott (1988) examined the stranding data provided by
the Smithsonian Institution (Mead, personal communication) for evidence of human-induced mortality
in bottlenose dolphins. A total of 386 bottlenose dolphins stranded from central Florida north along
the Atlantic coast were reported from January 1982 through May 1987. Of these, 9.3 percent showed
some evidence of human-induced mortality (p). Data from June 1987 to the present were not
examined in this context because of the (then) ongoing stranding anomaly. For the range of the
disease-affected coastal stock of dolphins, Table 2 lists the bottlenose dolphin strandings by state and
type of purported human-induced mortality.

Assuming the classification scheme of Burn and Scott (1988) to be accurate and that the
stranding data indexes human-induced mortality rate in proportion to the natural mortality rate, then
estimates of human-induced mortality rates can be derived from these data. Using the range of
natural mortality rates (m = 7 to 14 percent), the additional mortality rate due to human-related
activities (f) can be estimated by these proportions (f = m((1-p)'-1)). ELstimates of f by state and for
the coastal migratory stock range are presented in Table 3. These data indicate that added mortality
due to human activities may range from 0.7 to 1.4 percent per year for the coastal migratory stock of
dolphins.
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Optimum Sustainable Population (OSP): The OSP is defined as the range of population
size from the level resulting in maximum net productivity to the ecosystem carrying capacity (K).
Under the terms of the MMPA, population stocks outside the OSP range are defined as depleted. By
analogy with other large animal species, the population level expected to result in MNP for bottlenose
dolphins is greater than 50 percent of K (Fowler, 1981a; 1981b).

Management of bottlenose stocks has been based not on explicit determination of stock status
relative to OSP, but rather on the estimated MNP for the stocks of interest. The basic assumption
upon which this management method was developed was that annual MNP for cetacean stocks
generally ranged from 2 to 6 percent of stock abundance. This range has been demonstrated to be
biologically achievable, depending on combinations of calf and non-calf mortality rates and upon the
age of first calving and calving intervals (Reilly and Barlow, 1986).

Under this management scheme, if 2 percent represents the true MNP, then a long-term
average removal rate of 2 percent, in addition to natural mortality and with no net migration effect, is
expected to result in an equilibrium stock abundance level at the lower end of the OSP range for
stocks with initial abundance outside of OSP, an average long-term removal equal to MNP is expected
to result in an equilibrium stock level below OSP. Stocks outside of OSP can be recovered to OSP
while sustaining removals as long as the long-term average removal rate is less than MNP.

Estimates of Recovery: The dynamics of the mid-Atlantic coastal migratory stock of
bottlenose dolphins were modeled as a difference equation with density dependence as described.by
the Pella-Tomlinson model routinely applied to whale stocks by the Scientific Committee of the
International Whaling Commission (Allen, 1976; de la Mare, 1986). The model takes the form:

P = (P -H)S+ R,

where P represents the population size, A, human-induced removals, R, recruitment, and S, survival
over time index ¢ (taken as 1 year). Human-induced removals were taken as:

lll = P[ . ]C—m/Z(l - Crf)

where f is the human-induced mortality rate estimate, conditioned-on natural mortality -rate, s, The
annual survival rate, S, is taken as e™. The number of recruits, R, is defined as:

R, = (1-5P (1 + A - (P _/K))
where x is the median age at maturity (Table 3), A the resilience term, K the carrying capacity, and z
the compensation term. Given a range of the relative fTower limit of OSP (i.e. MNPL) and
independent ranges of MNP and m assumptions (see Table 3 for values used), the corresponding
parameter value for A was found as in Holt (1985):
A = MNP/Im(1 - MNPL")

with the value of z found by solution of:

MNPL = (1/(z 4 2)"'"
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The time to recovery was taken as the number of years required for the simulated stock size
to reach MNPL after an overall reduction of 53 percent from the assumed equilibrium population level
in existence just prior to the disease epidemic. Holt (1985) argues that A > 1/(z + 1) results in a
super compensation effect in the stock-recruitment relationship whereby the absolute number of
recruits increases at declining population sizes relative to that number at K. However, constraining A
< l/(z + 1) implies that the full range of assumed MNP cannot be realized given the range of
assumed MNPL. As literature suggests that the MNP and MNPL ranges are biologically reasonable
(Fowler, 1981a; 1981b; Reilly and Barlow, 1986), the unconstrained A values were used.

The distribution of population recovery times over the range of parameter values used is
shown in Fig. 4 for the cases of no human-induced mortality versus constant human-induced mortality
rates. The recovery time distributions are heavily skewed. In the cases of no human-induced
mortality, the median expected recovery time from a reduction of the specified magnitude was 32.5
years, with a range of 14 - 90 years. In the cases where there is an assumed constant rate of human-
induced mortality equal to estimates of the pre-epidemic rate, the distribution of expected recovery
time is shifted to longer periods, with a median value of 50.5 years and a range of from 18 to > 100
years. For the cases including human-induced mortality, 22 percent of the simulations resulted in no
recovery within a 100-year time interval. None of the trajectories simulated resulted in extinction.

As the recovery standard used in'these calcuiations was the lower limit of OSP, the recovery
time estimates can be considered conservative. Uncertainty in the degree of reduction was not
explicitly treated -in the simulations run. However, parameter ranges-used result in a large range of
reductions from K and thus may reasonably reflect expectations for reductions > 53 percent. In
contrast, if the true reduction was less than the specified level, then the recovery time distributions
are non-conservative.

Consistent and long-term population monitoring of the affected stock will be necessary to
reduce the uncertainty associated with the estimates of recovery. Assumptions about the magnitude of
depletion, the degree of human-induced mortality, and the degree of involvement of other bottlenose
stocks need testing via direct experimentation and monitoring. As no consistent pre-and post-event
indices are yet available, development of such indices through continued and new poputation sampiing
surveys and studies of biological samples from stranded animals will be needed to test the
assumptions.

D. Determination of Bottlenose Dolphin Stock Discreteness: Application of a Combined
Bchavioral and Genetic Approach
Randall S. Wells

Effective conservation programs require basic knowledge of the population units to be
managed. Are distinct population units, or stocks, identifiable? Are the geographical ranges of these
stocks known? How discrete are different stocks? Efforts to identify bottlenose dolphin stocks and to
assess their discreteness in the coastal waters of the southeastern United States have been complicated
by the nearly continuous distribution of these animals, and by the wide variety of ranging patterns
reported for this species.



Figure 4. Krequency Distribution of Simulated Bottlenose Dolphin Population Recovery Times
in Yeurs for the Cases of £ = 0 (No Human Induced Mortality) and £ > 0 (Constant Human
Induced Mortality Rate).
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Gross distinctions can often be made between bottlenose dolphin stocks inhabiting significantly
different geographical ranges. These distinctions can be based on differences in general morphology,
morphoietrics, or genetic factors such as hemoglobin values. Evaluation of these parameters
requires handling specimens, and is usually based on examination of beachcast carcasses (usually of
unknown geographic origin) or specimens caught incidentally in fisheries. Along the U.S. Atlantic
seaboard, three stocks have been thus identified: the coastal migratory, the coastal resident, and the
offshore (Hersh and Duffield, 1990). The level of discreteness of these stocks remains to be
adequately evaluated. Within the depleted migratory stock of the Atlantic coastal bottlenose dolphin,
are there finer-scale stock distinctions that might aid in conservation planning? For exampie, does the
migratory stock consist of a single large inter-breeding unit, or are there discrete migratory stocks
functioning independently of one another? Are these stocks geographicaily based? Are there
differences in the status or prospects for recovery of each of these small units?

In the development of 4 conservation plan, real-time answers to the questions posed above are
needed. The most effective approach would be one that made use of living members of the stocks in
question, in addition to obtaining supplementary information from strandings. We have employed
such an approach in defining the population structure of bottlenose dolphins along the central west
coast of Florida. Using behavioral and genetic data, we have been able to identify stocks, evaluate
stock discreteness, and measure vital rates (Duffield and Wells, 1986b; Wells, 1986: Wells and Scott,
1990).
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Approach: Our current approach involves combining data on the ranging and social
association patterns of individually-identifiable dolphins with genetic data from blood samples from
many of the same dolphins. During 1970-1976, we began our individual identification efforts through
a capture, tag, and release program. Thirty dolphins were tagged during 1970-1971, and 47 were
tagged with vital tags and/or radiotransmitters during 1975-1976, including 11 from the earlier
efforts. A number of other individuals with distinctive natural markings were photographed during
this time in adjacent waters. Repeated sightings of identifiable individuals suggested that at least
some of the dolphins in the area were year-round residents, and that there was a recognizable
structure to their social relationships (Irvine and Wells, 1972; Irvine et al., 1981; Wells, Irvine and
Scott, 1980).

Photographic-identification efforts were intensified in 1980, and are ongoing. Efforts have
been expanded to include not just the Sarasota area, but also Tampa Bay, Charlotte Harbor, and
adjacent Gulf of Mexico waters. Our photographic identification catalog now includes more than
1,680 dolphins. Most of these dolphins have been observed repeatedly over the years (up to 330
times each; Scott, Wells, and Irvine, 1990; Wells, 1991). In many cases, sufficient numbers of
repeat sightings have been collected to allow definition of home ranges and social patterns. These
data have suggested a population structure with a geographical basis.

[n order to facilitate interpretation of the observed ranging and social patterns, a capture,
sample, mark, and release program has been conducted since 1984. This program has provided
opportunities to determine the gender, age, reproductive condition, health, body condition,
morphometry, and environmental contaminant body burden, and to mark for future identification
those individuals lacking individually-distinctive natural markings. The capture/release program has
provided blood samples for detailed examination of the genetic structure of dolphins in Sarasota and
surrounding waters. A total of 140 individuals have been sampled during the 10 years of the
program. Additional genetic samples from known individuals have come from the efforts of the Mote
Marine Laboratory Stranding Program.

Genetic analyses of our samples are conducted by Dr. Debbie Duffield, Portland State
University, Portland, Oregon. Protein electrophoresis, chromosome banding, mitochondrial DNA
(mtDNA), and DNA fingerprinting have been applied sequentially to the individual blood samples.
Each technique has provided a slightly different perspective on the population structure (Duffield and
Wells, 1991). Protein electrophoresis and mtdna analyses have proven useful in examining stock
discreteness questions. From electrophoretic analyses, allele frequencies of three of the five
polymorphic red blood cell enzymes examined have been considered informative in evaluating
difterences. Four different mtdna haplotypes have been identified; two of these may be area-specific.
Chromosome banding and DNA fingerprinting have been used to define the genetic structure within
stocks.

Results and Discussion: Observational studies over the last 23 years indicate a year-round
resident population unit of about 100 dolphins in Sarasota Bay, Florida. The distribution of
resightings indicates a very long-term, well-defined home range, occupied by the same individuals
year after year. The frequency of associations between individuals sharing the waters of the home
range suggest a social as well as a geographical basis to the structure of the population unit. A
genetic basis to the structure is indicated by the observational tracking of maternal lineages through at



least three generations within the home range. Chromosomal and mtdna analyses indicate a multi-
generational association between members of different maternal lineages.

Observations of distinctive individuals further indicate the existence of similar home range and
social patterns in adjacent waters to the north and south. The result is a mosaic of overlapping, long-
term home ranges. Distinctions in individual membership in different adjacent population units can
be made on the basis of differences in enzyme allele frequencies, mtdna haplotypes, ranging patterns,
and frequencies of social associations.

Behavioral and genetic data both indicate that while most of the activities of the members of
cach of the different population units take place within their own home range; these units are not
socially nor reproductively isolated from one another. Observations of occasional temporary
movements of males and, to a lesser extent, females between adjacent population units suggest a
mechanism that could explain the preliminary results of paternity tests suggesting some amount of
genetic exchange between these units. Thus, these population units should be considered to be
 communities, rather than totally discrete populations. Each community has its own fong-term
structure and integrity, but some interbreeding occurs with other communities (Duffield and Wells,
1986; Wells, 1986b; Wells, Scott, and Irvine, 1987).

The dolphin communities appear-to be extremely stable over time. Calves observed to be
born into the Sarasota community have remained there throughout their lives. Individuals now 30-
. 50+ years old have been observed in the community for the last 18-25 years. Permanent
immigration and emigration occurs at very low rates. Anecdotal information on the stability of
community structure comes from the reintroduction of two bottlenose dolphins. Misha and Echo. back
into their native Tampa Bay waters in 1990 after two years in captivity. Both were released into
Misha’s original home range. The animals remained tightly bonded to one another through the first
few months following release, and interacted with the other residents of the range. Within six
months, however, Echo left Misha’s range, and returned to his own adjacent, original home range,
where he has since remained, associating with the same individuals he was with prior to capture
(Bassos, 1993). In another example, dolphins residing in the waters off San Diego shifted their range
. northward several hundred kilometers in. association. with an El Nino warm water incursion. .Several
of the dolphins have been observed together in both regions, suggesting social stability even in the
absence of site fidelity (Wells and Scott, 1990). The possibility of transience involving some of the
members of our photographic-identification catalog is being examined, but it is clear that community
residency is a very strong feature of the population structure of bottlenose dolphins along the central
west coast of Florida, and perhaps in other parts of the species’ range as well.

The well-defined structure and the long-term stability of communities suggest that, where they
exist, communities might serve as biologically meaningful management units.

Recommendations: In order to design effective conservation plans and understand the
potential implications of the plans, it is recommended that a program be implemented to define that
structure of the population units comprising the "migratory stock of the Atlantic coastal bottlenose
dolphin". The components of such a program might include:
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. Large-scale photographic-identification efforts, building upon existing efforts, and
filling gaps in coverage (spatial and temporal) along the Atlantic seaboard;

. coordinating the photo-ID programs to standardize level of effort, methodology, and
to ensure timely and accurate comparisons of dorsal fins across individual efforts;

. establishing a program for processing genetic samples from stranded dolphins. Fresh
blood and heart muscle should be collected whenever possible.

. coordinating stranding program and photo-ID project efforts to track the fates of
known individuals, and to obtain data on the genetics, gender, age, and reproductive
condition from stranded dolphins that can then be disseminated and applied
retroactively to observation records to facilitate interpretation of population unit
structure. A catalog-quality photograph of the dorsal fin of each stranded dolphin
must be a top priority for this to be effective.

. initiating capture, sample, mark, and release programs, where it can be done safely,
with follow-up monitoring of marked individuals. The use of telemetry would greatly
enhance the quality and quantity of the data collected.

E. Recognizing Two Populations of Bottlenose Dolphin, Tursiops truncatus, off the Atlantic
Coast of North America: Morphologic and Ecologic Considerations
James G. Mead and Charles W. Potter

This study is part of an on-going project concerned with the life history of the bottlenose
dolphin in the northwest Atlantic. Mead and Potter (1990) published the results of 15 years’ work in
which the authors speculated on the existence of two or more populations. True (1891) spoke of 12-
foot specimens that were taken in the fishery for Tursiops at Cape Hatteras, North Carolina. Mead
and Potter (1990) hypothesized that those animals might represent a population of larger Tursiops,
since the modal length of coastal Tursiops was about 9 feet.

Tursiops has tong been recognized as an exceedingly variable taxon. A glance through the
Catalog of Living Whales by Hershkovitz (1966) reveals 24 nominal taxa referred to as Tursiops.
Detailed studies of particular geographic localities have often revealed two forms present, usually
differentiated by their distribution (offshore versus coastal).

At first, we [Mead and Potter] were unable to differentiate the two populations in our mixed
sample of stranded animals. It was only when we obtained access to specimens that had been taken
offshore in fisheries operations that we managed to isolate the morphometric factors that allowed
separation of individual specimens.

Based on a sample of 105 animals (33 offshore and 72 coastal), we found that the following
relationships (IFig. 5) between the relative diameter of the internal nares, compared to either
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condylobasal length (Fig. 6) or zygomatic width, are greater in the offshore specimens of western
North Atlantic of Tursiops:

Condylobasal length vs internal nares width
NW = 0.129 CBL + 0.84
Zygomatic width vs internal nares width
NW = 0.202 ZW + 1.85.

If the observed value is higher than this, the specimen is an offshore animal. This difference
allows separation of all specimens and is more pronounced in young animals. Between the late
summer of 1987 and May 1988 at least 742 bottlenose dolphins were found dead along the east coast
of the United States from New Jersey to Florida.

Other Differences between coastal and offshore Tursiops: The offshore specimens are
generally larger, and are infected with the parasites Phyllobothrium, Monorhygma, and Crassicauda
(Table 4). These parasites have life histories that make them useful as biological tags. The coastal
specimens are smaller and have none of these three parasite species, but do have chronic pancreatitis.

The offshore specimens also have stomach contents comprised of pelagic squid and fish (also
see Barros and Odell, this report). The coastal specimens have mainly three species of fish of the
family Sciaenidae in their stomachs. Squid are very rarely found in the stomachs of coastal animals
and, when they are, they are of the coastal genus Loligo (but see Barros, 1993).

Hersh and Duffield (1990) did a study of morphometrics, comparing samples of Indian River,
Florida, coastal individuals with specimens determined to be offshore animals by the presence of two
hemoglobin types. They determined a number of characters in both the skull and external
measurements where the offshore and coastal forms appeared to differ. Their sample of offshore
animals was sufficiently small (2-4) to preclude statistical verification. They also made the anecdotal
observations that the offshore forms tended to be larger and darker than the coastal forms.

Hersh and Duffield (1990) hypothesized that the offshore forms dove deeper than the coastal
forms and that the differing structure of the hemoglobin facilitated that. Our finding of relatively
greater nareal diameter in offshore specimens would also seem to indicate an increased respiratory
function.

The 1987 dolphin mortality began to increase during the late summer along the east coast of
the United States. This increased mortality extended from New Jersey to Florida and lasted until May
1988. During that time period at least 742 animals were found dead. Preliminary assessments
concluded that this mortality was limited to the coastal population (Scott et al., 1988). Our findings
confirm this conclusion (Table 5).
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Table 4. Characterization of Inshore vs. Offshore Forms of Bottlenose Dolphin Found along the
U.S. Atlantic Coast.

Distribution Modal Length Parasites and Commensals
COASTAL Within 2 miles of the coast 250-260 cm Braunina
Seasonal distribution to New
Jersey
OFFSHORE Mid-shelf to Shelf-Shelf-edge, 290 cm INTEGUMENT-
and northern edge of Gulf Phyllobothrium (6 %)
Stream No Penella or cyamids

DIGESTIVE SYSTEM-
Braunina (83 %), c.f.
Campula (55%)
ABDOMINAL-
Monorhygma (8 %)
CRANIAL AIR
SINUSES-
Nasitrema (50%),
Crassicauda (27%),
Stenurus (5%)
APPENDAGES-
Xenobalanus (65%)
Platylepas (2%)

Table 5. Ratio of Coastal to Offshore Forms of Bottlenose Dolphin Prior to, During, and
Following the 1987/1988 Die-off (Preliminary Results), Based on Cranial Measurements.

Sample Size

Time-Frame Offshore Coastal Ratio
05/31/87 (pre-die-oft) 21 99 0.2121
06/01/87 - 04/31/88 | 146 0.0068

{(during die-off)

01/05/88 (post-die-off) 6 22 0.2727

pre 1987/post 1988 -~ Chi squared = 0.4786, probability = ca. 0.500
pre 1987/1987-1988 -- Chi squared = 22.63, probability < 0.005
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Figure 5. Mathematical Relationship Between Internal Nares Width and Condylobasal
Length (cm) for Western North Atlantic Populations of Bottlenose Dolphin, Tursiops truncatus.
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Figure 6. Diagrammatic Representation of a Tursiops Skull.
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STATUS OF RESEARCH AND/OR MANAGEMENT PROGRAMS THAT MONITOR
COASTAL BOTTLENOSE DOLPHINS

A. Surveys of U.S. East Coast Bottlenose Dolphin Abundance
Larry Hansen

Surveys of bottlenose dolphin abundance in U.S. east coast waters have been conducted by a
number of different groups. Most of these surveys were aircraft-based, and utilized strip- or
line-transect methods to estimate densities of bottlenose dolphins. This review covers both large-scale
surveys which covered most or perhaps all of the coastal migratory stock’s seasonally fluctuating
range, and localized surveys which were conducted within a smaller portion of the stock’s range.

Large-Scale Surveys: The first large-scale aerial survey of cetaceans on the U.S. east coast,
including bottlenose dolphins, was the Cetacean and Turtle Assessment Program (CETAP), which was
conducted by the University of Rhode Island under contract to the Department of the Interior
(CETAP, 1982). The study area covered waters from Cape Hatteras, North Carolina, north to the
Gulf of Maine, and included water from the shoreline out to about the 1000 fathom isobath, but did
not include bays or sounds. These surveys were conducted each season during the period 1979-1981.
Shipboard observations were also collected during the study, but only the aerial survey data were used
to estimate animal abundance.

The CETAP surveys indicated that bottienose dolphins had a distinct J-shaped distribution
within the study area. This distribution consisted of an elongate portion along the 1000 fathom
isobath, and a shorter distribution nearshore. Available evidence indicates that these distributions
represent two stocks of bottlenose dolphins, with the nearshore group being the coastal migratory
stock. Estimates of abundance within the study area varied from a spring high of 8,603 (44,307, 95
percent Confidence Interval, CI) to a winter low of 1,295 (4-1,633, 95 percent CI). The animals that
were found in nearshore waters represented a fraction of the overall sightings, and the abundance
estimates for this coastal distribution varied seasonally from 0 during the winter to a high of 378
(4723, 95 percent CI) during the summer. Spring and fall estimates of the nearshore distribution
(202-520, 315-787, respectively) were not much different from the summer estimate.

The CETAP surveys were replicated during the fall of 1991 by NMES. Preliminary analysis
of the 1991 survey indicates that sightings of bottlenose dolphins were infrequent. Consequently, the
resulting density estimates will likely be low for both the nearshore and offshore distributions, with
high coefficients of variation (CV).

A second large-scale survey was conducted scasonally for one year during 1982-1983. This
survey, termed the Southeast Turtle Survey (SETS). was conducted under contract to NMFES. The
survey was flown primarily to provide sighting data for estimation of sea turtle abundance, but survey
methodology was consistent with that for the CETAP surveys (including recording of data on
cetaceans). The SETS study area covered waters from Key West, Florida, north to Cape Hatteras,
North Carolina, and included waters from the shoreline out to approximately the western wall of the
Gulf Stream. Bays and sounds were not surveyed during this study.

An analysis of the SETS data indicates that bottlenose dolphins were distributed continuously
from shore out to the offshore edge of the study area.  Although the dolphins were continuously
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distributed (in comparison to the highly disjunct distribution observed north of Cape Hatteras),
sighting density was greater nearshore. Figures 7-10 illustrate the sighting density by season, and
show that the distribution of bottlenose dolphins was centered around northern Florida during the
winter, was intermediate during the spring and summer, and shifted to the Carolinas during the fall.

The winter SETS survey was replicated by NMFS during 1992. A preliminary analysis of
this survey and the 1983 winter survey indicates that the overall density estimates are not dissimilar
between the surveys. However, the overall estimates likely include bay, nearshore, and offshore
stocks. Finer-scale estimates possibly representative of stocks, may be derived by post-stratification.
The finer-scale estimates may show change by stock, whereas the overall estimates may not. For
instance, a stock may represent only a small portion of the overall population, or a negative change in
one stock may be offset by a positive change in another.

Localized Surveys: NMFS sponsored aerial surveys to estimate abundance of bottlenose
dolphin in Helena Sound, Port Royal Sound, and the mouth of the Savannah River (Hansen and Scott,
1989). This area was surveyed seasonally for one year during 1982. Most of the survey effort was
directed at the inshore waters within the sounds, but a nearshore transect was included, located
approximately 1 km off and parallel to the Atlantic coastline.

Density estimates were calculated for the inshore waters but not for the nearshore transects
because of potential but unmeasured biases. Density estimates were highest for summer and lowest
for winter, with abundance varying from 173 (120-226, 80 percent CI) to 103 (67-139, 80 percent
CI). Seasonal density estimates were not significantly different, using non-overlap of 80 percent CI
as criteria for significant difference. The mean number of dolphins counted in the nearshore zone per
flight by season was lowest in the spring (13.3, range 0-44) and wintér (20.7, range 0-44), and
highest in the summer (48.0, range 16-95) and fall (47.3, range 20-91).

NMFS sponsored localized seasonal aerial surveys of the Indian/Banana River, Florida area,
for one year during 1979-1980. This area was also surveyed by vessel in.the mid-1980s, and more
recently, with a five-year series of seasonal aerial surveys sponsored by NMFS from 1988-1992 as
part of a long-term, bottlenose dolphin monitoring program. The abundance of dolphins in the area
has been estimated to be about 200-400 animals. Estimates from the most recent surveys are not yet
available.

Other Surveys: Additional aerial and vessel surveys of bottlenose dolphin abundance have
been conducted along the 1J.S. east coast, but in areas that likely are outside of the coastal migratory
stock’s range. These include one-year, seasonal surveys of an approximately 25,000 km? rectangular
block immediately south and offshore of Cape Canaveral, Florida, conducted during 1980-1981 (Fritts
et al., 1983), sponsored by the Department of the Interior. The majority of the survey block was in
waters greater than 200m deep. Bottlenose dolphins were sighted during all seasons of these surveys,
but only in the more shallow side of the relatively small, offshore survey block.

Large vessel surveys of primarily offshore U.S. east coast waters from Miami to Cape
Hatteras were conducted by NMFES during the winters of 1985 and 1991. These surveys extended out
to the western wall of the Gulf Stream. Bottlenose dolphins were sighted throughout the survey
arcas. Estimates of density cannot be calculated from the 1985 survey, and are not yet available for
the 1991 survey.

25



Figure 7. Distribution and Relative Abundance of Bottlenose Dolphins, Tursiops truncatus,
Sighted During the SETS Aerial Surveys in the Southeast U.S., Spring, 1982.
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Figure 8. Distribution and Relative Abundance of Bottlenose Dolphins, Tursiops truncatus,
Sighted During the SETS Aerial Surveys in the Southeast U.S., Summer, 1982.
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Figure 9. Distribution and Relative Abundance of Bottlenose Dolphins, Tursiops truncatus,
Sighted During the SETS Aerial Surveys in the Southeast U.S., Fall, 1982.

Figure 10. Distribution and Relative Abundance of Bottlenose Dolphins, Tursiops truncatus,
Sighted During the SETS Aerial Surveys in the Southeast U.S., Winter, 1983.
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B. Research/Management Programs and Stranding Networks in Coastal Atlantic Waters
(by State) )

New Jersey (Dave Jenkins): Botticnose dolphins are present in New Jersey coastal waters
and the mouths of estuaries from late spring to early fall (approximately May through September,
when water temperatures exceed 60°F). Based on evidence from strandings, New Jersey waters are
apparently used to some degree as calving and nursery areas.

In 1993, the New Jersey Marine Mammal Stranding Center (MMSC) participated in the July
10 multi-state dolphin count, in which volunteer observers were stationed at I-mile intervals along the
coast, at land-based observation posts.

The MMSC responds to strandings and alsc tuns a sighting het-line. Reports include
sightings in general, and in back bays in particular.

Prior to the 1987/1988 die-oft, recovered bottlenose dolphin strandings averaged about 2 per
year. Since that time, the numbers have increased to 6-12 per year. It is not known whether this
increase is due to greater awareness of dolphin strandings (and the need to report them) since the die-
off, whether the dolphins have started coming in closer to shore, whether there has been an increase
in fisheries interactions, or whether there is some other explanation (or some combination of these
factors).

In 1992, there were 6 bottlenose dolphin strandings reported to the MMSC. Five were in
Atlantic County (Brigantine or Atlantic City), and !-was in Delaware. Three appeared to be boat
hits, 1 was attributed to complications with calving, and the other 2 died of unknown causes.

In 1993, there have already been 6 Tursiops strandings to date. Four of these were in Cape
May County, 1 was in Ocean County, and 1 was in Atlantic County. Five of these died of unknown
causes, and 1 was a newborn, or possibly stillborn.

More detailed information on strandings in New York or New lersey may be obtained by
contacting the Marine Mammal Stranding Center, Brigantine, NJ.

Delaware (Leon Spence): Currently, Delaware does not have an Atlantic bottlenose dolphin
monitoring program, although we do have an organized stranding network. In the past, marine
police were responsible for responding to stranded marine mammals and sea turtles. A call-list was
established in 1986, in order to notify state officials and other organizations interested in obtaining
data and tissue samples. Dates and locations of bottlenose dolphin strandings along Delaware’s Bay
and Atlantic coastlines are presented in Figure 11.

Although Delaware does not have a dolphin monitoring program at this time, it is hoped that

a program will soon be initiated. The Delaware Division of Fish and Wildlife currently conducts
small-boat surveys for crabs and other fisheries. We hope to incorporate marine mammal sightings
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Figure 12. Dates and Locations of Bottlenose Dolphin, Tursiops truncatus, Sightings in Delaware

Bay, 1993.
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into this program. A few sightings have already been recorded (Fig. 12). All ideas and expertise in
getting such a program underway would be appreciated.

At this time, all strandings are handled through the endangered species program, although
sometimes fisheries personnel respond. All data and any tissues collected are managed by the marine
mammal and reptile stranding coordinator.

Maryland (Dave Schofield): Three years ago, the National Aquarium in Baltimore (NAIB)
implemented a Marine Animal Rescue Program (MARP). Through a Letter of Authorization with
NMFS, MARP has responded to live strandings in Maryland, Delaware, and Virginia. Over the past
year, this program has slowly become more involved with dead strandings than with live sightings.
Working closely with the Maryland Department ot Natural Resources (MDDNR), we have received
reports of dolphins and humpback whale sightings in the Chesapeake Bay area. The MARP staftf has,
over the past year, provided the U.S. Coast Guard stationed at Ocean City, Maryland, the Ocean City
Beach Patrol, and the Delaware Fish and Wildlife Department with stranding and sighting
information. Since this effort was implemented, we have had overwhelming support trom the
Maryland agencies on sighting and stranding reports. In the future, these institutions will continue to
provide valuable information required for a more accurate evaluation of the distribution and
abundance of marine mammals in our area.

The MARP is interested in becoming involved in annual coastal migratory dolphin counts in
the summer of 1994 At the disposal ot NAIB is a strong volunteer program (500 + volunteers), an
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active conservation program with a conservation coordinator, and the support of special agencies as
well as a volunteer air flight service for surveys.

The MARP suggests that NMFS provide the methodology for the survey. We need input on
how data should be recorded and reported to best be interpreted by NMES. Guidelines for survey
dates, locations, and methods will help ensure consistent information. The MARP will work with the
Marketing and Development Departments at the NAIB to acquire public and private support to assist
in the coordination of this survey program.

Sightings of Bottlenose Dolphin in the Chesapeake Bay: The most notable sighting of a
bottlenose dolphin that involved MARP was that of a lone dolphin in the upper Chesapeake Bay
This dolphin was observed on a weekly basis from May to mid- July 1992, and occasionally until
September, when the sightings stopped. This dolphin was found in the Miles and Wye rivers of the
Eastern Shore of Maryland. In some instances this animal was seen in tributaries and creeks of these
rivers that were as shallow as three feet with salinities of 10 to 15 parts per thousand (ppt).

The Maryland DNR often took MARP Staff and volunteers out to observe this animal’s
behavior. The MARP has video and photo-ID cataloged for future reference. Various behavior
reports were submitted from MARP volunteers, Maryland DNR, and locals who observed this
dolphin swimming near their private docks. It was particularly interesting that on several occasions,
different groups of animals numbering from 4 to 7 would come in close proximity to this lone animal
for various lengths of time, but with no apparent association.

Current Level of Stranding Response: To provide.care for stranded animals, the MARP
has a 98,500 gallon quarantine/hospital pool, and a medical laboratory and treatment room. To date,
MARP has released two harbor seal pups and an injured sea turtle back into the wild. Our hospital
area has housed a juvenile pilot whale, Globicephala, from Virginia, a striped dolphin, Stenella
coeruleoalba, from New Jersey, a pygmy sperm whale, Kogia breviceps, from New York, and harbor
seals, Phoca vitulina from the New England Aquarium in Boston, Massachusetts. Over this past
year, MARP has also acquired an off-sight facility to provide more space for stranded animals. This
area will act as a pre-assessment area before animals are brought to the quarantine/isolation pool area.
The MARP has averaged 10-15 live marine animal responses per year.

The Maryland Department of Natural Resources Marine Mammal Stranding Program
(Joyce Evans and Frances Cresswell): The Marine Mammal Stranding Program was developed
under the Tidewater Administration Fish Health/Disease Unit located at the Cooperative Oxford
Laboratory in the fall of 1990. The Maryland DNR (MD DNR) Natural Resource Police maintain a
24-hour toll-free line (800/628-9944), and contact us when they receive calls concerning marine
animals. Through the end of August 1993, our organization had responded to a total of ninety-one
stranded marine animals, including cetaceans, seals and sea turtles. Fifty-three of these strandings
were marine mammals, of which fifteen were Tursiops.

Figure 13 depicts the Maryland coastline and the focation of Tursiops strandings.
Approximately half of Maryland’s Atlantic coastline is part of Assateaguc Island National Scashore
and State Park. Park rangers patrol the area every day and report any strandings to us. The rest of
Maryland’s coastline contains Ocean City. Procedures for reporting strandings in Ocean City are
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more complicated, as here there are city police, the Coast Guard, Natural Resource Police, the beach
patrol and the Humane Society - all of whom work with us on the reporting and recovery of
strandings.

Strandings: 'There were two bottlenose dolphin strandings reported in 1990, two in 1991,
five in 1992, and six in 1993 (through the end of August). The increasing numbers of strandings may
be due to the network becoming more established and publicized. The greatest number of bottlenose
dolphin strandings occurs in the spring (mid-May to early June), with another pulse in mid-August
through September. There have also been occasional strandings throughout the remainder of the year:
one animal in January, one in July, and one in October. A breakdown of bottlenose strandings by
year is presented in Table 6. For 8 of the Tursiops we necropsied, the cause of death could not be
determined. Of the 7 bottlenose dolphins for which the cause of death could be determined, three
were fisheries-related and four.-were disease-related (Table 7).

Only one animal has been known to strand within the Bay (it had gone far up a tributary,
Figure 14). This is of interest to a conservation plan, since the lack of strandings in this area may
indicate a lower incidence of disease in this particular segment of the population, or it may be
attributable to the fact that fishing gear regulations differ between the ocean and bay waters.
Alternatively, the lack of reports may simply be because the recreational boaters and vacation
homeowners in the Bay area have not been educated about the need to report strandings. In an effort
to inform the public of our work, posters are being published for the Maryland, Delaware and
Virginia stranding networks.

Stranded marine mammal specimens are photographed-as part-of data collection and
documentation. Morphometric data are collected to the extent that the condition of the animal will
allow. Tissues for toxicology, histology, virology and bactericlogy are also taken from fresh
specimens. Gonads, stomach contents and skulls from each bottlenose dolphin are stored for the
Smithsonian. Our tissue request list is referred to, and researchers are contacted to clarify sample
handling methods and to arrange for transport. In this way, we try to maximize the information
obtained from each stranding event. A database which includes species, sex, geographic location,
probable cause of death and samples collected has been created for the stranding network.

Sightings: The Chesapeake Bay comprises a significant portion of Maryland’s marine and
estuarine habitat. Dolphins, sea turtles and occasionally humpback whales are all sighted in the Bay.
In the Chesapeake Bay, sightings of live bottlenose dolphins usually occur in late spring (May)
through fall (September). Although most sightings occur below the Bay bridge and in various
tributaries, dolphins are sighted as far north as the Magothy River and Prospect Bay.

Along the coast, bottlenose dolphin sightings seem to follow the same temporal patterns as
those in the Bay, except that here, Tursiops have also been observed over the winter months
(December and January).



In general, we are receiving more sighting reports from the Chesapeake Bay each year. Some
plausible explanations follow:

1) There is now (since 1990) an agency to receive reports of such sightings;

2) increasing public awareness along the Bay may increase sighting reports;

3) perhaps these animals are barometers of changing or improved conditions in the Bay (i.e.
increased food supply and/or better water quality).

Figure 13. Strandings Responded to by the Maryland DNR Stranding Network, September
1990-June 1993.
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Table 6. Bottlenose Dolphin Strandings Reported in Maryland, 1990-1993

1990 1991 1992 1993 Total
Winter 0 1 0 0 I
Spring 0 0 4 4 8
Summer 0 ] I 2 4
Fall 2 0 0 0 2
TOTAL 2 2 5 6 15

“Table 7. Probable Causes of Dolphin Mortality in Maryland, 1990-1993

1990 1991 1992 1993 Total
CAUSE
Unknown 1 1 3 3 &
Disease 1 1 0 2 4
Fishery 0 0 2 1 3
Interaction
TOTAL 2 2 5 6 15

Virginia (Mark Swingle): What Do We Know About Coastal Bottlenose Dolphins in
Virginia?: Bottlenose dolphins, Tursiops truncatus, arrive in Virginia waters generally somewhere
between April 15 and May 15, moving from south to north as ambient water temperatures increase.
The dolphins depart Virginia waters between October 15 and November 15, moving from north to
south as water temperatures decrease.

Large, tight groups of 25-100 dolphins have been sighted in Virginia coastal waters within 1.5
km of shore in January and February. It is unknown whether these animals represent an inshore
movement of the offshore population, or remnant, isolated cases of the coastal migratory stock.

There are no true year-round resident dolphins in Virginia. A limited photo-1D study
conducted in 1980-1981 (Blaylock, 1984) suggested that at least some dolphins returned to Virginia
waters in successive years. Much more extensive photo-ID work was carried-out by the Virginia
Marine Science Museum (VMSM) in 1989, This study yielded much valuable information about
bottlenose dolphins. For example, we now know that a number of coastal dolphins return annually to
Virginia waters. Some dolphins have been sighted since 1989 and some individuals are associated
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with the same dolphins trom year to year. One dolphin sighted in 1993 had a red tag in the dorsal fin
which matched the description of dolphins captured and tagged in Virginia Beach during the 1987 die-
oft (Mcl.ellan, pers. comm.).

Early results of analysis of the Virginia dolphin photo-ID catalog indicate that bottlenose
dolphins are moving north through Virginia waters in spring, and south in fall. Individuals have been
sighted in spring and fall, but not mid-summer, suggesting that they are not spending the summer
season in Virginia but rather, probably somewhere further north. Othergroups of dolphins appear to
spend the summer season in Virginia waters, with concentrations of them occurring around the
Chesapeake Bay mouth.

Figure 14. Operation Dolphin Photo-ID Study Area and. Distribution of Tursiops truncatus
Strandings in Virginia, 1988-1993.

Figure 1: Operation Dolphin
Photo-ID Study Area and
Distribution of Strandings
in Virginia (1988-1993).

@ = pumber of strandings
in bracketed arca

. = photo-ID study area




Recent evidence from comparisons of the VMSM VA catalog with the Beaufort, North
Carolina catalog, suggest that some individuals which are seasonally present in Virginia during
summer may be scasonally present in Beaufort, North Carolina during winter. Further study of
photo-1D catalogs from areas south and north of Virginia will yield more information on the end-
points of seasonal migrations.

Distribution and Abundance: On the ocean coast, bottlenose dolphins can be seen at almost
any location. They are almost always within 4 km of shore, and often with 1 km. Within the
Chesapeake Bay, sighting records and aerial surveys indicate a wide distribution, though they are less
abundant and more dispersed than-on the ocean coast. Surveys have identified areas where dolphins
are most abundant, or "hot spots”. These are located around the Chesapeake Bay mouth, in the Cape
Charles/Fisherman Island area to the north, -and-the Cape Henry area to the south, with the south side
being the area of highest density. Routinely, groups of over a hundred dolphins are sighted in the
Cape Henry and south Virginia waters. ~Calves are present-throughout the summer season, with clear
evidence of Virginia waters representing important calving grounds for the coastal migratory stock.

Operation Dolphin: Operation Dolphin is a research project of the VMSM designed to study
the coastal migratory stock of bottlenose dolphins in Virginia’s waters. This study was initiated
following the mass mortality of coastal dolphins along the U.S. east coast in 1987/88. More than 200
dolphins died in Virginia during that mortality event (Mead et al., 1988). Still, little is known of
their population ecology in this region. The study area for Operation Dolphin includes the
Chesapeake Bay and Atlantic Ocean coastal waters of Virginia (Fig. [4). Small boat surveys and
photo-ID work are concentrated in the nearshore waters of Virginia Beach. Operation Dolphin’s
long-term goals are: 1) The creation of a photo-ID catalogue for coastal dolphins in Virginia’s
waters; 2) analysis of the social structure, movements, distribution and abundance of these dolphins;
and 3) analysis of strandings in Virginia as they relate to the population biology of the coastal
migratory stock.

The study period from 1989 to the present includes five study years. We have defined a
study year as the 184-day time period from May 1 to October 31. Coastal bottlenose dolphins are not
present during all months of the year; this time period approximates their seasonal range in Virginia.

Photo-ldentification: Photo-ID efforts were initiated in 1989, and have continued through
1993 (Table 8). We did not undertake any photo-ID efforts in 1991. In discussing photo-ID, we
define a sighting as a photographic record.

Multiple-Year Resights: Sixteen individuals have been sighted in multiple study years and
four have been sighted over the entire five-year span of the study. Analysis of the multiple-year
resight data indicates several interesting patterns. Dolphins sighted in multiple study years were
usually resighted during the same general time periods. Seven dolphins were resighted in subsequent
years within 10 days of their initial sighting date. One individual, seen in three study years, was
resighted within four days of the initial sighting date. Another pattern occurred with three dolphins
which were sighted before May 31 and after August 15, but not between. One example was Acid
Wash (Tt92040), which was initially sighted on August 30, 1992, and resighted on May 31, 1993,
Individuals like Acid Wash may be migrating north through the study area in May, and south in
August. We believe these sighting patterns describe a migratory population whose individuals may
follow similar routes both spatially and temporally from year to year.
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Table 8. Results of Operation Dolphin Photo-1D Study

Study No. of New Within Multiple Individuals
Year Trips Individuals Year Year Sighted Per
Resighted Resights Resights Year

1989 4 43 3 NA 43

1990 1 11 NA 1 12

1991 0 NA NA NA 0

1992 12 93 6 5 98

1993 12 111 11 14 125

Total 29 258 20 20 278

(18 individuals) (16 individuals)

Within-Year Resights: Eighteen individuals have been resighted within a study year (Table
9). Analysis of within-year resights from 1992 and 1993 provides residency information on dolphins
within the study area (Table 9). We define a residency resight as a resight occurring within 46 days
of a previous sighting. The 46-day period equals 25% of a study year, and incorporates at least three
trips. Using our definition of residency, five dolphins in 1992 and nine in 1993 were resident. Most
of these resident individuals were sighted only twice within a study year. Based-on these criteria, the
average residence times describe a dolphin population which is transient through Virginia waters.

Table 9. Residency Patterns of Identified Dolphins in the Operation Dolphin Study Area.

Study No. of  Average Individuals Residency! Number of Average

Year Trips Days Sighted Per Resight Residents Days
Between Year Resident
Trips

1992 12 12.1 98 7 5 22.6

1993 12 10.5 125 10 9 217

'A residency resight must occur within 46 days of the previous sighting.

Distribution and Abundance: Throughout our study. dolphins were concentrated along the
fower bay and ocean coastlines within 2.0 km of shore. On July 10, 1993, a shore-based survey of
dolphins in Virginia was conducted (Table 10). Operation Dolphin Count 1993 encompassed a survey
arca which included 41 observation posts (OP’s) distributed within Virginia’s borders from North
Carolina 1o Maryland. A best estimate of 206 dolphins was tallied from a one-hour period. Some
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observers recorded dolphin numbers for time periods of up to four hours. Enlarging our analysis to
include all survey data, we estimate that more than 300 dolphins were present in the survey area.
During the one-hour period, 65% of the dolphins counted were located south of the Chesapeake Bay
mouth. North of the bay, dolphins were found in the areas of Cape Charles and again near the
Maryland/Virginia border. The Eastern Shore of Maryland had virtually no dolphin activity observed
between the Cape Charles/Fisherman Island area and Assateague Island. The virtual absence of
dolphins between these two areas was the most surprising result of the survey. Also, no dolphins
were sighted in areas of highly concentrated jet-ski activity.

Table 10. Results of Operation Dolphin Count, 1993

No. of Average Distance  No. of Best Estimate of Estimate of

Observation Between OP’s Observers Dolphins Counted Total

Posts (OP’s) (miles) (in 1-hour-period) - Abundance
41 3.2 85 206 325-350

Strandings: VMSM is an authorized Letter of Authorization (LOA) Holder under the
Northeast Regional Stranding Network, and has been collecting data from dolphin strandings since
1988. The distribution of strandings shown in Figure 14 corresponds to observed areas of high
abundance for live dolphins. Areas such as Cape Henry, where large numbers of dolphins are
observed, also have high numbers of strandings. An analysis of monthly stranding frequency since
1988 (Fig. 15) shows that most dolphins strand during the months of May through October. This
time period also represents the seasonal range of coastal bottlenose dolphins as-defined by our study
year. We believe that most of the strandings outside this seasonal range involve the offshore stock of
bottlenose dolphins which are present in the stranding record year-round. Siranding data since 1988
(Fig. 16) indicate that the total number of dolphin strandings has increased in 1992 and 1993.
Whether this increase in strandings is a reflection of an increasing population, new natural or human
induced mortality, or both, is not yet known.

Summary: Operation Dolphin has begun to develop a picture of the migratory population of
coastal bottlenose dolphins in Virginia. A catalogue of identifiable dolphins, developed using photo-
ID, has yielded valuable information regarding seasonal residency and yearly population movements.
We believe this information describes a highly transient dolphin population. Distribution and
abundance data for Virginia dolphins is scarce and represents an area requiring further investigation.
Results from aerial surveys conducted in the early 1980’s produced an estimated abundance of 340
dolphins (Blaylock, 1984). Operation Dolphin Count yielded similar numbers from a shore-based
coastal survey in 1993. We believe these numbers represent only a minimum, and that rigorous
statewide surveys that include all state waters are needed to measure total abundance. The coastal
migratory dolphins along the U.S. east coast have recently been listed as depleted under the Marine
Mammal Protection Act. Virginia is the southernmost state on the coast whose nearshore population
of dolphins is exclusively coastal migratory stock. The results of this on-going study may prove to be
invaluable in the conservation of this depleted population.



Figure 15. Monthly Frequency of Tursiops truncatus Strandings in Virginia (Jan 1988-Oct
1993).
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Figure 16. Number of Tursiops truncatus Strandings in Virginia (Jan 1988-Oct 1993).
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Status of Bottlenose Dolphin Research in Virginia: The following is an outline of
researchers involved with bottlenose dolphin research in Virginia, including their affiliations and the
status of their studies to date.

Research organizations within the state:

Virginia Marine Science Museum, Virginia Beach: Mark Swingle

- NMEFS Northeast Region Marine Mammal Stranding Network LOA holder
« respond to 90 percent of marine mammal strandings in Virginia

« full level A data and necropsy on all animals

- Operation Dolphin - coastal bottlenose dolphin research

» photo-ID study established and ongoing since 1989

« more than 250 individuals in current catalog

« behavioral records established in 1992 in association with photo-ID

« dolphin counts encompassing all ocean coastal waters and other selected areas
« dolphin watch educational/survey cruises in Virginia Beach

« aerial surveys and collections of sighting reports

« active education programs and exhibits devoted to dolphins

James Madison University, Harrisonburg: Dr. Ann Pabst, Bill McLellan, Susan Barco

« active participants in stranding network through expertise with necropsy and response
training

« active support of Operation Dolphin research through direct participation and graduate
student support

« active in cetacean research, particularly functional morphology of delphinids

Christopher Newport University, Newport News: Sherman Jones

« active photo-1D research in lower Chesapeake Bay and Eastern Shore since 1992
« 65 cruises have yielded a catalog of more than 150 individuals

Virginia Instituie of Marine Science, Gloucester Point: Jack Musick

« stranding network LOA holder

o active in network primarily in 1980’s

« graduate student thesis on abundance and distribution of bottlenose dolphins in
Chesapeake Bay in early 19807s

« aerial surveys in 1980°s

Virginia Tech, Blacksburg: Carl Pfeiffer, Larry Freeman
« supported stranding network in 1970°s and 1980’s

« repositary tor collected data and specimens/tissues throughout the existence of the stranding
network
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Virginia (Lee Morgan®, John A. Musick® and Charles Potter): Temporal and
Geographic Occurrences of Tursiops truncatus Strandings in Virginia, 1983-1989°: Examination
of stranded marine mammals can provide valuable data on relative abundance, spatial and temporal
distribution, and life history. Records of Virginia strandings have been scattered in the literature
(Bailey, 1946; Handley and Patton, 1947; Wall, 1972; and Potter, 1980). Since Potter (1980),
collection and reporting of marine mammal records have become more complete. This paper analyzes
Tursiops truncatus strandings from Virginia between January 1983 and December 1989.

Methods: Stranding records were collected in Virginia between January 1, 1983 and
December 31, 1989. Records typically contained information on species, sex, total length (TL),
location of stranding, date of stranding, and notes pertaining to cause of death or to unusual
circumstances (net scars, line marks, etc.). Personnel from several state and federal agencies
collected data on strandings which were archived at the National Museum of Natural History,
Smithsonian Institution, and were designated by catalogue numbers prefixed by letters ’SEAN’,
"USNM’, or "MME’. Virginia records that had not yet been archived at the National Museum of
Natural History were given an identification code with "MM’ preceding the date of a reported
stranding. Total length (TL) measurements were taken from the tip of the snout to the notch of the
tail. Each stranded animal was considered an individual event, even when more than one animal
stranded at the same time.

Results and Discussion: Bottlenose dolphins, T. fruncatus, stranded more than any other species
during the study period, probably because they occur primarily in shallow coastal waters and are
Virginia’s most common cetacean (Blaylock, 1985; 1988). This species comprised 301 (72.7 percent)
of the total strandings. An additional 38 animals were tentatively identified as Tursiops. Most
strandings were reported from Virginia Beach (n=184, or 61.1 percent) and from Hampton (n=17,
or 5.6 percent) (Table 11).

The greatest number of reported strandings of Tursiops in Virginia in any single year over the
study period occurred in 1987, with an order of magnitude greater mortality than in any of the prior
three years or the subsequent two years. Two hundred and eleven Tursiops (70.1 percent of the total
number of reported marine mammal strandings) were recorded from 13 counties or cities during this
year. The majority of these strandings occurred during the months of August and September, with
99 and 48 reported, respectively. The August total represented 44.5 percent of the 1987 total and
31.2 percent of the seven-year total. An increase in Tursiops mortality was also reported in 1987
along the entire eastern seaboard of the United States (Geraci, 1989; Scott et al., 1988; Keinath and
Musick, 1987), with over 750 dolphin strandings reported from the summer of 1987 through March
1988 (Geraci, 1989). In Virginia, monthly mortalities returned to normal levels by November 1987,
with only one stranding reported from that time until March 25, 1988. One additional animal which
stranded in 1989 (MM135 JANS9) showed symptoms similar to dolphin pox observed in dolphins
involved in the 1987 die-off event.

Estimates of relative mortality for the 1987 epizootic have been as high as 50 percent (Scott et
al., 1988). However, this estimate may be high, because the authors assumed that a large percentage
of the dead were unaccounted for. Conversely, most Tursiops that died during the epizootic may
have been recorded, because the population affected occurs close to shore and because the dominant

1Viann(\ Institute of Marine Science, College of William and Mary
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summer weather patterns along the East Coast usually produce brisk onshore sea breezes every
afternoon. Thus, dead and bloated carcasses should have been blown onshore. Aerial surveys along
the Virginia and North Carolina coasts in 1987 after the peaks of the epizootic found Tursiops
abundances to be comparable to those found in surveys made in previous years (Keinath and Musick,
1987).

The sex ratios of Tursiops strandings in Virginia were not statistically different from a 50:50
distribution (using a Chi-square test with correction for continuity) during the 1987 die-off (97 males,
85 females, and 29 unsexed animals). This suggests that the epizootic did not affect the sexes
differentially. For the seven-year period, there were 145 males, 113 females and 43 unsexed animals
reported.

Length ranges from 141 males were 107-303 cm (x=211.8 cm, SD=46.1 cm). Length ranges
from 107 females were 102-289 cm (x=196.5 cm, SD=45.9 cm). In the northern hemisphere,
lengths for sexually mature males and females range from 245-260 cm and 220-235 cm, respectively
(Harrison, 1969; Harrison et al., 1972; Perrin and Reilly, 1984). Using Perrin and Reilly’s criteria,
40 (28.4 percent) of the males and 40 (37.4 percent) of the females were sexually mature.

Although T. fruncatus occurs in Virginia waters primarily in the warmer months, strandings have
been reported in all months except February, when sea water temperatures are coldest (Fig. 17). The
distribution of Tursiops truncatus strandings in Virginia over the years 1983-1989 are presented in
Figure 18.
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Table 11. Tursiops truncatus Strandings in Virginia by Year and by City/County.

Year Total by City/County
Location 1983 1984 1985 1986 1987 1988 1989 Tot. ?Tot. Net
Tot.
VA Beach 0 14 12 10 (1) 128 8 12 184 15 199
(13) (1)
Hampton 0 2 2 [ 17(6) 3 1 26 6 32
Northampton 5 5 1 )] 9 2 I 23 8 31
(7N
Norfolk 0 1 1 3 16 1 1 23 2 25
(2)
Mathews 0 0 0 (1) 13 0 | 14 3 17
(2) ‘
Accomak 0 0 1 1 6 0 0 8 2 10
(2)
York 0 0 0 0 7 1 0 8 0
Gloucester 0 0 0 0 6 0 0 o 1 7
(H
Isle of Wight 0 0 0 0 2 0 0 2 0 2
Lancaster 0 0 0 0 2 0 0 2 0 2
Newport News 0 0 0 2 0 0 2 0 2
Unknown Locale 0 0 0 0 2 0 0 2 0 2
Middlesex 0 0 0 0 1 ¢ 0 1 0 {
Northumberland 0 0 0 0 (b 0 0 0 1 !
Total b) 22 17 15 211 15 16 301
7Total 3 34 | 38
Grand Total 339

Numbers in parentheses are animals thought to be Tursiops, but positive identification was not made.
Totals for these animals are designated by a question mark in the "totals" column.



Figure 17. Frequency Distribution of Tursiops truncatus Strandings in Virginia, 1983-1989, by
Month.
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Figure 18. Frequency Distribution of Tursiops truncatus Strandings in Virginia, 1983-1989, by
Year'.
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North Carolina (Keith A. Rittmaster and Victoria G. Thayer): Site-Specific Monitoring
of Atlantic Coastal Bottlenose Dolphins in the Beaufort, North Carolina Area: Long-term studies
of bottienose dolphins have contributed much to the available information about the animals™ home
range, community size, and seasonal distribution (Shane, 1980a; Wells, 1986a; Scott et al.,1990).
These studies provide a framework from which to design and compare investigations of bottlenose
dolphins in other areas. In 1986, we [Rittmaster and V. Thayer] began dorsal fin photo-identification
and direct-count boat transects in the waters around Beaufort, North Carolina. We intend to produce
seasonal and inter-annual indices of abundance, residency, movement patterns, and to estimate
reproductive rates for a portion of the mid-Atlantic coastal bottlenose dolphin stock(s).

The three objectives of this research are to:

1) Use direct counts from boat transects to detect seasonal habitat preferences and annual
trends in abundance;

2) express an annual crude reproductive rate as a percent of neonates (calves of the year) in
the total number of dolphins observed during the summer months,

3) use dorsal fin photo-ID methodology to track the residency patterns, social affiliations and
movements of individual animals.

Methods: Our study area includes the nearshore (up to 2 miles off the ocean beach), coastal
and estuarine waters between Cape Lookout and the confluence of the Newport River and Core Creek
near Beaufort, Carteret County, North Carolina (Fig. 19). A direct-count transect on two
predetermined tracklines is conducted by small boat. One transect is estuarine, running 3.6 nm from
the Beaufort drawbridge up the Newport River to Core Creek. The second transect is coastal, and
runs 5.5 nm along the shoreline of Shackleford Banks, between Beaufort and Barden Inlets.

The data we collect include number of dolphins observed, pod size and composition (adults,
calves, juveniles, and neonates), location, and dorsal fin photographs for individual photo-
identification, when possible. Transect counts are tabulated by month and by area (estuarine or
coastal) for comparison.

Features used in designating an animal as a neonate (calf of the year) are as follows:

1) A small dolphin surfacing consistently next to a larger dolphin at least twice it’s size
(a requisite feature);

2) the presence of fetal folds;

3) a dorsal fin curved to one side;

4) an indentation posterior to the skull;

5) dark grey to nearly black coloration; and

6) extreme buoyancy

Feature #1, plus any of the other above features observed, constitute a neonate for this study.
The percent of neonates of the total number of dolphins observed each summer (June - August) are

calculated for comparison.

We conduct dorsal fin photography, environmental conditions and animal behavior permitting,
for each sighting. Single lens reflex cameras with winders, and fitted with up to 400 mm zoom
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lenses are used.  After processing the negatives, we mark all clear shots of distinctive fins for
printing. Usable prints are catalogued chronologically according 10 fin teatures (e.g. top notch,
leading edge notch, 1-2 notches, 3+ notches, scars, bent fins, and epibionts), and assigned an
identifying number. “"New" fins, those presumably not previously photographed, are assigned the
next sequential number. We enter these numbers, and the dates the photos were taken, into a table to
analyze resight patterns.

Results: To date, 269 survey transects have been conducted during the past five years - 173
in the ocean and 96 in the estuary. Figure 20 demonstrates the average number of dolphins per
nautical mile using combined data from both transects to show monthly trends in abundance in the
study area. These data represent approximately 1,300 on-effort miles during the two survey transects
over the past five years. Our data demonstrate that there are dolphins in the study area year-round,
with higher numbers present during winter months than in summer months. The highest mean counts
are 2.9 and 3.2 dolphins per nautical mile in February and November, respectively. The lowest
monthly mean is 1.1 dolphin per nautical mile in May and June. Figures 21 and 22 illustrate trends
in the mean number of dolphins per nautical mile for each month in the estuarine and coastal
transects, respectively. Habitat preference seems to shift from the nearshore ocean during the winter
months to the estuarine tidal rivers in the summer.

Figure 19. Map of the Beaufort, North Carolina Study Area, Including Both Coastal Oceanic
and Estuarine Transects

Coastal Transect
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The reproductive rates observed to date in this area are shown in Figure 23. After a high
value of 16.2 was observed in 1989, the rate moderated over the next 3 years before showing a
considerable increase to 10 in 1993,

Since 1986, we have catalogued approximately 1,200 good, usable photos of dolphins with
distinctive dorsal fins. Our numerical sequence is currently up to 830, but this may represent as few
as 200-400 individuals, as many numbers have now been eliminated and many resights may yet be
detected. Patterns that have emerged so far are strong seasonal site fidelity, but no evidence of year-
round residency. Some individuals have been photographed over successive summers and others over
successive winters, with no intermixing detected.

Discussion: The transect data shown in figures 21-23 highlight the seasonal trends in
abundance and shifting habitat preferences of bottlenose dolphins within the Beaufort study area. This
in combination with evidence (obtained from the photo-ID component of the study) for a lack of year-
round residency in the study area, suggests that most, if not all of the dolphins that use these waters
are of the coastal migratory stock(s).

s

The high reproductive rate of 16.2 observed in 1989 may reflect a compensatory response to
the decreased population size following the 1987/1988 die-off (Scott et al., 1988). However,
significant interannual variability in reproductive rates has been observed in other studies of localized
dolphin populations (e.g. Scott, Wells and Irvine, 1990). It is possible that by monitoring
reproductive rates, both variations in population parameters such as die-offs, and the progress of
recovering populations can be detected. Monitoring reproductive rates may also highlight nursery
areas and regional variations. We suspect that the confluence of the Newport River and Core Creek
may be a "nursery area"” similar to the nursery areas described by Scott et al. (1990) in the Sarasota,
Florida area.

Identifying individuals enables residency patterns,-migration patterns, and social affiliations to
be analyzed. Dorsal fin photos of animals from the Beaufort area are compared to photos from other
areas in order to understand movements along the coast that may represent migration patterns. To
help sex and track individuals, reference frames are photographed after observation of a suspected
female with calf. In this way the calving interval and separation age of the calf from the cow (or
weaning) may be detected. For example, a cow/neonate pair was first photographed in the summer of
1988. The mother was observed with a progressively larger calf over the following two years. She
was then seen without a calf in 1991, and in 1992 she was not observed at all. During 1993, five
years later, this animal was photographed with another neonate. Associations of pairs of animals we
suspect to be males have been photo-documented to persist for at least three consecutive summers.
Increased photographic effort locally, coupled with comparisons of photos obtained from other study
ares, will likely answer questions regarding the range and migratory endpoints of individual dolphins,
as well as the habitat used by the coastal migratory stock(s).

Conservation Notes: A sign reading "FOR SALE - WATERFRONT PROPERTY..." was
recently posted at the confluence of Core Creek and the Newport River. This is most likely a nursery
area for bottlenose dolphins. Any summer day, 15-30 dolphins with neonates and other calves can be
observed in this area within 100 meters of the riverbank. This appears to be essential habitat that
faces irreversible change with the potential sale and development of the adjacent property.
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Ditferent inlets used by bottlenose dolphins in the immediate vicinity of our study ared,
Beaufort, Barden and Drumn Inlets, are presently undergoing various levels of development, dredging
activity and boat tratfic. The relationship between level of dredging and potential habitat
modification, and use of these areas by dolphins warrants turther study. Also, most individuals that
we talked to were unfamiliar with any laws that relate to how boaters should operate around dolphins,
nor were they aware of the Marine Mammal Protection Act and its influence upon the regulation of
these activities. This highlights the need for an educational campaign as part of any bottlenose
dolphin conservation plan. The development of enforceable regulations, in addition to research,
should also be priorities.

Conclusion: Our future research plans include continuation of our direct-count transects and
analyzing the results for seasonal and inter-annual trends, estimating reproductive rates in other areas
and habitats to identify nursery areas and/or regional variances, and intensifying and expanding our

photographic effort outside our current study area and comparing our photos with those from other
regions.

Figure 20. Mean Number of Dolphins Sighted per Nautical Mile During Direct-Count Transects

in the Beaufort, North Carolina Study Area, March 1988-December 1993 (Coastal and Estuarine
Transects Combined).
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Figure 21. Mean Number of Dolphins Sighted per Nautical Mile During Direct-Count Estuarine
Transects in the Beaufort, North Carolina Study Area, March 1988-December 1993.
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Figure 22. Mean Number of Dolphins Sighted per Nautical Mile During Direct-Count Coastal
Transects in the Beaufort, North Carolina Study Area; February 1990-December 1993.
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Figure 23. Percent Neonates of the Total Number of Dolphins Sighted During the Summer
Months in the Beaufort, North Carolina Study Area, by Year, 1989-1993.
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Marine Mammal Strandings in North Carolina (Victoria G. Thayer and Keith A.
Rittmaster): Along the Atlantic coast of the United States, North Carolina is second only to Florida
in the number of marine mammal strandings each year. This is partially due to the fact that the cold
Labrador Current extension and warm Gulf Stream meet here, and because Cape Hatteras, Cape
Lookout and Cape Fear jut out into the Atlantic Ocean, forming physical barriers for some species.
For both flora and fauna, North Carolina is the southern limit of distribution for some temperate
species, and the northern limit of distribution for some subtropical species. This results in a high
diversity of marine mammal strandings of both temperate and tropical/subtropical species, including
sperm whales, Physeter macrocephalus, long- and short-finned pilot whales, Globicephala spp., both
dwarf and pygmy sperm whales, Kogia spp., Risso’s dolphin, Grampus griseus, striped and spotted
dolphins, Stenella spp., common dolphins, Delphinus delphus, and humpback whales, Megaptera
novaeanghae, and fin whales, Balaenoptera physalus.

The total number of reported strandings in North Carolina was 89 during 1992 (Fig. 24) and
123 during 1993 (Fig. 25). Bottlenose dolphins comprised 59.6 percent (N=153) of the total number
of strandings (N=87) in 1992 (Fig. 24), and 60.2 percent (N=74) in 1993 (Fig. 25).

The monthly distribution of bottlenose dolphin strandings is shown in Figure 26. Peaks n
strandings occur in spring and fall months, with comparatively few occurring during the summer.
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Data on strandings and their potential causes are limited and are only beginning to be
developed in North Carolina.  Stranding response and data collection could be improved in a number
of ways:

1) Decrease time to respond to reports of strandings;

2) increase number of animals examined by experienced personnel;

3) initiate a protocol for consistent data collection and formatting;

4) complete human interaction sheet (Haley and Read, 1994) for every stranding;

5) encourage voluntary reporting of tishery interactions (by fishermen involved, or by
others);

6) provide feedback information to volunteers, from recipients of tissues;

7) educate stranding network volunteers;

8) improve funding (at least to supply and reimburse volunteers).

Among the items that should-be colfected from each stranding, we recommend:

« Skin in DMSO for mtDNA;

« skull for morphometrics;

- dorsal fin photos;

« tissue samples (stomach, gonads at minimum);
« parasites.

Protocols either exist, or need to be developed for these collections so that each stranding

team is prepared to take samples/measurements in a similar manner and format.

Figure 24. Percent Bottlenose Dolphin Strandings of Total Marine Mammal Strandings in
North Carolina, 1992
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Figure 25. Percent Botilenose Dolphin Strandings of Total Marine Mammal Strandings in
North Carolina, 1993
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Figure 26. Monthly Distribution of Bottlenose Dolphin Strandings in North Carolina, 1992-
1993, and Evidence of Human Interaction
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Marine Mamimal Research and Stranding Response in South Carolina
(Sally Murphy): There have been no organized statewide surveys specifically for bottlenose dolphins
in South Carolina, although NMFS has conducted aerial surveys to estimate herd sizes and density of
the populations for the Savannah River, Port Royal and St. Helena Sounds (Carew, 1982).

Beginning in August 1992, aerial surveys were conducted monthly to document stranded sea turtles
and marine mammals, mainly over the undeveloped portions of the South Carolina coastline, from the
entrance of Port Royal Sound in Beaufort county, to Debidue Beach in Georgetown County. The
northward leg of the surveys was flown approximately one mile offshore. We used this part of the
survey to document the seasonal occurrence of sea turtles and marine mammals in nearshore waters.
The plane was flown at an altitude of 1,000 feet, at a speed of 120 knots. The monthly counts of
bottlenose dolphins are presented in Table 12.

Our department was asked by NMFS to conduct aerial pelagic surveys during April and May
of 1993, to document the density and distribution of leatherback turtles along the South Carolina
coast. Other sea turtles and marine mammals, mostly bottlenose dolphins, were also counted on these
flights. The flight path consisted of line transects, perpendicular to shore for.eight nautical miles.
The start and end points of each transect were six nautical miles apart. The return leg to the airport
was flown paraliel to shore. The results of these surveys are presented in Table 13.

Table 12. Nearshore Sightings of Bottlenose Dolphins in South Carolina During Aerial Surveys,
1992-1993

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1992 - - - - - - - 16 18 31 1 0
1993 2 6 1 1 5 3 33 20 44 12 61 21

Table 13. Sightings of Bottlenose Dolphins in South Carolina During Dedicated Leatherback
Turtle Aerial Surveys, April-May 1993

Survey Date Number Seen on Transect Number Seen on Parallel Path
April 22 3 Not Flown

May | 16 Not Flown

May 5 59 Not Flown

May 12 | 8 10

May 20 46 0

May 27 Not Flown 0
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We hope to find funding to obtain a point-in-time index tor the bottlenose dolphin population in
Calibogue Sound by means of a combination of aerial, boat and land-based surveys. Within the scope
of this project, a determination of actual population numbers will not be attempted. We hope to
acquire only documentation of relative numbers, distribution, and the acquisition of 4 benchmark
survey number which can be useful in the long-term monitoring of the population. The use of
multiple indices will enable an evaluation of changes in rates of observation for any one method. For
example, when dolphin feeding by the public alters the behavior of dolphins around boats, one might
expect boat surveys to show higher rates of observation relative to the other methods. With a
multiple ratio index, this can be evaluated. All observations will be used to identity areas of
concentration or high use.

Stranding Networks: The South Carolina Marine Mammal Stranding Network was
established in 1991 under the authority of the Wildlife Department. Prior to this time, there was no
organized network, and coverage was spotty. The number of bottlenose dolphin strandings on the
coast of South Carolina during 1970-1993 is presented in Table 14. The distribution of dolphin
strandings for 1991-1993 is shown in Figure 27.

Figure 27. Distribution of Dolphin Strandings in South Carolina, 1991-1993
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Our network has a state coordinator, a NMFS representative, an archivist at the Charleston
Museum, and about 30 members. It is divided into two groups: one to respond to dead stranded
animals and collect Level A data, and the second, response teams, to respond to live stranded
animals. There are 22 individuals in the first group, including 18 volunteers and tour wildlite
department personnef. Some of the volunteers also collect jawbones tor NMFES. Traming workshops
are held each year for volunteers with Letters of Authorization (LOAs). The state coordinator and
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NMES representative review the items on the data form, sexing techniques, species identification, and
the techniques used to collect measurements.

There are three response teams, one each for the northern, central and southern sections of
the coast. Each response team consists of a Wildlife Department biologist, one or two veterinarians
and a conservation officer. The central response team also has a public relations specialist. Response
team members also supply jawbones, tissue samples, and/or entire carcasses to the NMFS Charleston
Laboratory. In 1991, Dr. Joseph Geraci, V.M.D., conducted a seminar and demonstration necropsy
for the members of the response teams.

Table 14. Bottlenose Dolphin Strandings in South Carolina, 1970-1993

Jan Feb Mar Apr  May Jun Jul Aug Sep Oct Nov Dec Total

1993 2 1 1 6 3 1 4 0 3 0 7 6 34
1992 0 2 3 2 5 2 3 1 4 1 5 0 28
1991 l 0 1 2 2 P2 2 L t 1 " 17
NO STANDARDIZED NETWORK PRIOR TO 1991

1990 - 2 - 3 - 4 1 - - 1 2 3 16
1989 - 1 - - 1 1 2 1 1 1 1 - 9
1988 4 1 1 1 - 1 2 2 - - - 2 14
1987 - - 2 - 1 - 1 4 - 12 23 17 60
1986 I - - - - - - - - - 1 3 5
1985 - - - - - - - - - - - -

1984 - - 3 1 - - - - - - - 4
1983 1 - 2 1 - | - - - | - - 6
1982 - I 2 - - - 1 - - 1 pl - 7
1981 - 2 3 2 1 - 1 - - 1 1 - L1
1980 - 1 10 2 - 1 - - - - - - 14
1979 1 - - - 4 - - - - - 2 - 7
1978 - 2 2 - - - - - - - 1 - 5
1977 - - - - - - - 1 - 3 - - 4
1976 - - - - - - - - - - - - -
1975 - 1 - - 1 - - - - - - - 2
1974 1 - 1 1 1 - 1 - - - - - 5
1973 - - - - - 1 1 - - - - - 2
1972 - - - - - - - - - - - - -
1971 - - - - - - - - - - - - -
1970 - - - - - - - - - - - - -
Total 11 14 31 21 19 13 19 11 9 22 46 34 250

The Wildlife Department maintains a 1-800 number 24 hours a day, so that stranding network
members or the public can report stranding events and receive an immediate response. We have
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upgraded our equipment in order to salvage larger specimens. This includes a four-wheel-drive
pickup truck with winch, fully equipped for necropsy, and a two-axle trailer for transporting medium-
sized whales.

In addition to the volunteer network, as mentioned previously, monthly aerial surveys are
flown to search for carcasses on the more remote sections of the coastline. The aerial beach surveys
are flown at 300 feet and 100 knots, just over the surf zone. Both stranded sea turtle and marine
mammal carcasses are documented.

Our newsletter, "Marine Mammal Matters in South Carolina”, is distributed quarterly to network
members and to other interested parties in government and private conservation groups. The
newsletter contains the total number of strandings to date, announcements to network members and
information from NMFS on any carcasses that have been necropsied.

Population and Behavioral Patterns of Bottlenose Dolphins in Bull Creek, South Carolina
(Ric Petricig): The goal of this study was to determine the population size, spatial distribution and
.behavior of free-ranging Atlantic bottlenose dolphins, Tursiops truncatus, in. Bull Creek, Beaufort
County, South Carolina (Fig. 28). Analysis of dorsal fin photographs has resulted in the
identification of 67 individual dolphins within the study area. Of these 67 individuals, 22 have been
determined to be permanent year-round residents of the study area. Temporal positions of identifiable
individuals coupled with associations with other identifiable dolphins were used to determine the
existence of pods or social units within the population and to track patterns of movements within the
study areas.

Dolphins within this study area employ an interesting foraging strategy. Groups of two or
more dolphins will, in a synchronized effort, force a school of fish onto mud banks, beaching
themselves in the process. While on the banks, the dolphins then pick up and eat the stranded prey.
For purposes of this study, this behavior is referred .to as “strand-feeding". Observations during all
seasons since 1988 have revealed that the "strand-feeding" behavior in the study area was limited to
those animals that were long-term or permanent residents, and that foraging pods were composed of
relatively stable subgroups within this population.

Occurrences of the "strand-feeding" foraging technique generally took place within two hours
of low tide, when the banks were exposed. During the study period, the use of the strand-feeding
technique was independent of water temperature, which ranged from 9 to 33°C. Turbidity of the
water varied, but strand-feeding only occurred when the recorded Secchi depth was less than 50cm.
Light-enhancing night-vision equipment revealed that the dolphin’s repertoire of behaviors within the
study area was independent of the varying light levels that occurred during the day-night cycle.
Occurrences of strand-feeding, other foraging and social behaviors and movements within the study
area were regulated by the tidal stage.

Detailed sonar profiles of bottom topography at repeatedly used sites have revealed the
existence of submerged structures that result in concentrations of prey fish. The selection of strand-
feeding sites were therefore determined by prey location, and strand-feeding did not involve herding
of the prey.



Figure 28. The Study Area in Bull Creek, Beaufort County, South Carolina
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Georgia (Charles Maley): Georgia has a relatively short (150 km) coastline with a series of
barrier islands separated by deep sounds and rivers. High tidal amplitude (mean range = 2.2m) and
flat bottom topography create a vast estuarine system, encompassing over 122,00 ha of salt marsh and
related marine habitat. Bottlenose dolphins can be found along the coast on a year-round basis, both
inshore and otfshore.

At present, there is no comprehensive population estimate of the resident or migratory stocks
of bottlenose dolphins in Georgia. Aerial surveys were conducted by the Georgia Department of
Natural Resources (GDNR) to locate right whales in their calving grounds, from january through
March in 1993. These surveys were exploited to provide information on bottlenose dolphins. The
surveys consisted of 24 km east-west transects flown at 3-minute intervals at an altitude of 0.23 km,
and at 160 km/hr. Similar surveys were tlown in the spring, in order to estimate leatherback turtle
abundance 1n the coastal waters of the state, this time with 12.8 km transects flown at 0.3 km. In
both cases, incidental sightings of Tursiops were recorded in terms of numbers and location (Fig. 29).
The reports indicate a peak in abundance otfshore during the month of April. This was not, however,
a directed census of coastal dolphins.

A comprehensive survey [The Dolphin Project] is currently underway to obtain photographic
information and relative abundance and distribution data for dolphins in Georgia’s rivers, sounds, and
creeks. This quarterly boat-based survey is in the fourth year of a ten-year volunteer program. Up
to 90 individual dolphins have been catalogued in an opportunistic photo-1.D. effort (Odell, pers.
comm.). Additionally, aerial surveys have been flown for the past 2- 1/2 years, with a single line
transect flown 1.2 km from shore, starting at Tybee Lighthouse, or approximately 32°N. latitude,
switching to multi-line spot surveys at the sounds, and then continuing south to St. Mary’s at the
Florida Border. The return leg north follows the main channel of the Intracoastal Waterway.
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Stranding Records: Dolphin stranding records have been collected in Georgia since the
1930°s, but standardized surveys have been instituted only recently (Fig. 30). The Marine Mammal
Stranding Network in Georgia is organized through the GDNR, with assistance from private citizens,
the National Park Service, U.S. Fish and Wildlife Service, Cumberland Island Museum, the city of
Tybee Island, the National Marine Fisheries Service, St. Catherines Isiand Foundation and Little St.
Simons Island, Ltd. Increased boating activity and public awareness on the coast has resulted in a
steady increase in the number of reported strandings. Since 1981, GDNR response to reports from
the public of stranded dolphins has instilled greater confidence that these reports will be investigated,
even in the most remote locations on the coast.

Based upon stranding reports for bottlenose dolphins, mortality seems to be lowest in late
spring and autumn, higher in December and January, and peaking in March and April (Fig. 31).
This coincides with the highest relative abundance of Tursiops observed during the winter and spring
aerial surveys of 1993 (Fig. 29).

Figure 29. Sightings of Bottlenose Dolphins During Right Whale and Leatherback Turtle
Surveys in 1993
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Figure 30. Historical Stranding Records for Tursiops truncatus in Georgia, 1972-1993.
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Figure 31. Monthly Stranding Trends for Bottienose Dolphins in Georgia, 1989-1993
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Florida (Bill Brooks): Section 15.038 of the Florida Statutes (FS) designates the bottlenose
dolphin as the Florida state "saltwater” mammal, and states that it is unlawful to catch, attempt to
catch, molest, injurc, kill, annoy, or otherwise interfere with the normal activity and well-being, of
mammalian dolphins (§370.12(3) ES). There are exceptions, related to research and collection, that
require a permit from the Division of Marine Resources of the Florida Department of Environmental
Protection (FDEP). The statutes mandate that the FDEP shall develop and implement programs to
manage, protect, restore, and conserve marine mammals (§372.7701 ES).

The FDEP’s Marine Mammal Management Program: The FDEP has both a marine
mammal management program and a marine mammal research program. The Office of Protected
Species Management (OPSM) oversees the management of the endangered West Indian manatee,
Trichechus manatus, dolphins, and other cetaceans. Current management efforts at OPSM include the
implementation of manatee protection speed zones, coordination of county manatee protection plans,
protection of marine mammal habitats, and the review of environmental permits in those counties
where manatees occur.

Marine Mammal Research in Florida: The Resource Recovery and Assessment Section of
the Florida Marine Research Institute (FMRI) conducts research on marine mammals in Florida.
Although the major emphasis is on the West Indian manatee, the endangered northern right whale,
Eubalaena glacialis, as well as other cetaceans such as bottlenose dolphins, are also subjects of
research in this program. The Resource Recovery and Assessment Section has four major areas of
research:

1) Development of a Geographical Information System (GIS) database;

2) Telemetric and satellite tracking of manatees on the west coast of Florida;

3) manatee and marine mammal rescue, salvage, and necropsy; and

4) Assessment of population and distribution of manatees by using data obtained from aerial
surveys.

Information specific to bottlenose dolphins is collected as ancillary data during aerial surveys
and during the process of recovering, salvaging and necropsying marine mammals. All marine
mammal stranding data are provided to the Southeast U.S. Marine Mammal Stranding Network
(SEUS). All survey data are incorporated into the FMRI's GIS.

The Aerial Survey Program: The Aerial Survey Program staff collect bottlenose dolphin
data during manatee surveys and right whale surveys. We have a minimum of
l-year’s data from aerial surveys documenting manatee distribution in Florida’s Atlantic coast
counties and a majority of the Gulf coast counties (Table 15). Coastal, riverine, estuarine, and ocean-
front waters were surveyed twice-monthly. This information has been entered into the FMRI GIS
database. Because manatees arc the target species of this research, dolphin data have not as yet been
evaluated. These data can be used to assess resident populations within the survey areas, and will
provide information on coastal migratory dolphins as well. For example, in the manatee distribution
surveys of St. Johns, Flagler and Volusia counties, 1,787 bottlenose dolphins were sighted during 44
flights made from March 1991 through November 1993 (Table 16). The average number of
bottlenose dolphins sighted was 40.6 per survey, ranging from 3 to 95.
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Table 15. Manatee Aerial Surveys Along the Atlantic Coast of Florida

County Survey Agency Start Date End Date No. of Flights
Nassau FDEP Oct 1986 Oct 1983 52
Duval FDEP May 1988 Apr 1988 51
St. Johns FDEP Mar 1991 Nov 1993 44
Flagler
Volusia
Volusia USFWS Dec 1985 Jan 1987 30
Brevard USFWS Dec 1985 Jan 1987 30
(Indian River)

Brevard USFWS Dec 1985 Jan 1987 29

(Banana River)

Brevard NASA Jan 1977 Ongoing 239

(Banana

River)

Indian River FDEP Jun 1985 Dec 1987 63

St. Lucie

(Inter Tnlet)

St. Lucie FDEP Nov 1990 June 1993 46

Martin

St. Lucie USFWS Jan 1986 Jan 1987 27

Palm BEACH

Palm Beach Palm Beach Aug 1990 June 1993 57
County

Broward Broward County Nov 1991 July 1993 18

Broward FDEP Jan 1988 Mar 1990 ‘ 48

Dade Dade County Mar 1990 Ongoing 16

FDEP = Florida Department of Environmental Protection
USFWS = United States Fish and Wildlife Service
NASA = National Aeronautics and Space Administration

The FDEP conducted right whale surveys along Florida’s east coast during the winters
(December - April) of 1987-1988, 1991-1992, and 1992-1993. The survey area extended from the
Georgia/Florida border at the St. Marys River Entrance Channel (Nassau County) to Riviera Beach
(Palm Beach County) in 1987-1988, and to Sebastian Inlet (Brevard County) in 1991-1992 and 1992-
1993, Sightings of all right whales and other species of concern, for example, humpback whales,
dolphins (Table 17), other cetaceans, sea turtles, etc., were recorded. Any observed potential threats,
all vessels, fishing gear such as gill nets, oil slicks, etc., were also recorded.

Based upon a preliminary review of the right whale surveys, the number of bottlenose

dolphins documented increase from February through March, but then decrease by the end of April
(Table 18). These data were tabulated by latitude, and showed a pattern of increasing dolphin
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sightings in the southern part of the survey area in February and early March. The number of
sightings continued to increase and also shifted in location to the north, in March and early April.
This pulse of bottlenose dolphins moved north and out of the Florida coastal waters by the end of
April. Others have also reported a northward migration of bottlenose dolphins from the wmtermg,
area off of Florida’s east coast (Scott, Burn and Hansen, 1988).

1993-94 Survey Plans: The FDEP Right Whale Surveys for the winter of 1993-1994 will
begin earlier than in past seasons, (November 15), and will continue until April 15. Survey efforts
have been increased from twice monthly to once per week. We are also considering surveying once
per month from May to October, outside the right whale season. By extending this survey, the fall
migration of coastal bottlenose dolphins into northeast Florida waters should be detected.

Manatee surveys have provided data on the coastal resident dolphin population along Florida’s
Atlantic coast. The FDEP will review these data and extract dolphin information.

Table 16. Number of Bottlenose Dolphins Tursiops truncatus Sighted During the Florida Marine
Research Institute’s Aerial Surveys of Manatees in the Ocean, Estuarine and Riverine
Waterways of St. Johns, Flagler, and Volusia Counties

Month 1991 1992 1993
Jan No Survey 9 77
Feb No Survey 13 15

24 77
Mar 30 86 95
42
Apr 14 36 48
13 37
May 39 32 42
41 46
Jun 40 25 20
39
Jul No Survey 44 No Survey
61
August 45 No Survey 24
47 50
Sep 13 No Survey 75
30 38
Oct 73 No Survey 76
27 45
Nov 16 No Survey 47
44
Dec 9 45 No Survey
38
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The Manatee and Marine Mammal Rescue/Salvage and Necropsy Program: This
program is based at the Florida Marine Resource Institute (FMRI) Marine Mammal Pathobiology
Laboratory (MMPL), located on the campus of Lickerd College in St. Petersburg. The laboratory has
a pathobiologist and 3 biologists on staff. All manatee carcasses are transported to MMPL for
necropsy. This facility also has regional field stations in Jacksonville, Melbourne, Tequesta and Port
Charlotte. Each field station is staffed by a biologist and weekend support staff. The staff at the
MMPL and the field stations coordinate manatee salvages and rescues for the entire state. The
MMPL and its field stations are also part of the Southeastern U.S. Marine Mammal Stranding
Network (SEUS) in Florida. Staff assist on or coordinate rescues of live, stranded (Code 1) marine
mammals. Fresh cetacean carcasses (Code 2) are transported to MMPL or oceanaria for thorough
necropsies. Moderately fresh to very decomposed (Code 3 through 5) carcasses are necropsied by
field staff or staff of other associated organizations. Data are provided to the SEUS Marine Mammal
Stranding Network.

Table 17. Total Number of Bottlenose Dolphins, Tursiops truncatus, Sighted During the Florida
Marine Research Institute’s Aerial Surveys of Right Whales along Florida’s East Coast from St.
Mary’s River Entrance Channel to Riviera Beach in 1987/1988 and to Sebastian Inlet in 1992
and 1993

Month 1987/1988 1991 1993
Dec 179 No Survey No Survey
Jan 24 3 15

48 44 48

Feb 200 63 58
70

Mar 275 573 261
316

Apr No Survey 424 308
111 60




Table 18. Breakdown of Number of Bottlenose Dolphins, Tursiops truncatus, Sighted During the
Florida Marine Research Institute’s Aerial Surveys of Right Whales along Florida’s East coast
from St. Mary’s River Entrance Channel to Riviera Beach in 1987/1988 and to Sebastian Inlet
in 1992 and 1993, by Date and Survey Leg

Survey Date Total Nearshore Leg Offshore Leg
21 Dec 1987 179

12 Jan 1988 24

28 Jan 1988 48

22 Feb 1988 200

16 Mar 1988 275

01 Jan 1992 44 21 23
02 Feb 1992' 3 3 0
4 Feb 1992 63 24 39
03 Mar 1992* 573 254 319
01 Apr 1992 424 101 323
16 Apr 1992 111 62 49
01 Jan 1993° 15 7 8
29 Jan 1993 48 42 6
19 Feb 1993 58 35 23
24 Feb 1993 70 17 62
10 Mar 1993 261 221 40
30 Mar 1993 316 253 63
13 Apr 1993 308 115 193
30 Apr 1993 60 22 38

' Southern terminus of survey was Ponce De Leon Inlet.

* Survey had navigational problems because local LORAN station was down for a portion of the
survey.

* Southern terminus of survey was Port Canaveral Entrance Channel.

HOW CAN STRANDED ANIMALS BE MORE FULLY UTILIZED?

A. Bottlenose Dolphin Strandings Along the East Coast of Florida: What Do We Know,

What Can We Learn? (Nelio B. Barros and Daniel K. Odell): Strandings often provide the only
available source for most types of biological data on cetaceans, not only for poorly known species,
but also for the most common of inshore cetaceans, the bottlenose dolphin, Tursiops truncatus.
Information on several aspects of natural history can be obtained from a stranded dolphin (Heyning,
1987; Odell, 1987; McLellan and Driscoll, this report), particularly if the animal is freshly dead.

The establishment of the regional marine mammal stranding networks in the U.S. dates back
to 1977 (Reynolds and Odell, 1991). These networks are composed of volunteer individuals of
vartous backgrounds, and as a result, collection of biological data from strandings varies, both in

"Sea World of Flovida
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quantity and quality. Recommendations for improving the efficiency of the networks have recently
been proposed (Reynolds and Odell, 1991; Wilkinson, 1991), but lack of adequate funding will
probably play an important role in the implementation of these recommendations.  In ten years of
existence, the Southeastern United States Marine Mammal Stranding Network (SEUS), operating from
Texas to North Carolina and extending to Puerto Rico and the U.S. Virgin Islands, documented 2,381
cases of strandings and sightings (Odell, 1991). During that period, nearly half (45 percent) of all
records made were for the coast of Florida (Odell, 1991).

Bottlenose dolphins stranded along the east coast of Florida have provided the basis for
studies on pollutant burdens (King, 1987), mortality patterns (Hersh et al., 1990a), food habits
(Barros and Odell, 1990), and external morphology and osteology (Hersh et al., 1990b), among
others. Though most studies have concentrated on a resident population of dolphins inhabiting the
Indian River Lagoon System (IRL) in the central coast of the state (Odell, 1989; Odell and Asper,
1990; Rudin, 1991; Spellman, 1991), at least three other populations (or stocks) occur in this area:
dolphins resident in nearshore waters, dolphins seasonally present in the area (members of the
migratory stock), and dolphins occurring in offshore waters. The nearshore and the offshore stocks
can be distinguished by external morphometrics, hematology, food habits and parasite load (Hersh and
Duffield, 1990), but most of these tools are not useful in distinguishing between the nearshore stocks
(see Table 19). Genetic variation among localized nearshore populations in the U.S. Atlantic coast

Table 19. Characters Distinguishing the Various Stocks of Bottlenose Dolphins along the East
Coast of Florida

Nearshore Offshore
Indian River Coastal Oceanic -
Lagoon
ECTOPARASITES
Barnacles XXx! XXX XXX
Cyamids XXX
ENDOPARASITES
Trematodes XXX XXX XXX
Nematodes XXX XXX
Cestodes XXX
HEMATOLOGY XXX
MORPHOMETRY XXX
SHARK (/sistius) BITES XXX
FOOD HABITS Fish Fish, Neritic Pelagic Cephalopods
Cephalopods

'A single case in [8 years of stranding coverage
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has been recently reported (Dowling and Brown, 1993), thereby suggesting that mitochondrial DNA
samples may be useful in determination of stock identity.

In the central east coast of Florida, Barros (1993) found differences in food habits between
resident IRL dolphins, dolphins occurring in nearshore ocean waters, and offshore dolphins.
Dolphins belonging to these stocks prey primarily on fish, fish and squid, and squid, respectively
(Table 19). Data pertaining to dolphins stranding on open-ocean beaches probably refer to both the
resident and migratory stocks, and more samples are needed to investigate whether these can be
separated on the basis of food habits. On-going analysis of carbon and nitrogen isotopes, a longer-
term indicator of dietary preferences (Ostrom et al., 1993), collected from stranded animals in this
area may support additional evidence of the. usefulness of food habits data in distinguishing among
stocks of bottlenose dolphins.

The 1987/1988 mortality event along the Atlantic coast of the United States involved
primarily the migratory stock of bottlenose dolphins, and may have caused a depletion of 50 percent
or more of the stock (Scott, Burn and Hansen, 1988). Bottlenose dolphin strandings in Florida
increased significantly during that event (Table 20). Differences in stranding figures between pre-
and post-mortality event (e.g., Nassau and Duval counties) are likely explained by the increase in
stranding network participants and a heightened awareness of dolphin strandings. For most counties
along the east coast of Florida, the number of strandings has remained relatively constant in years
subsequent to the mortality event (Table 20).

Whereas the southern distribution of the mortality event may have reached St. Lucie and
Martin counties in 1988 (Table 20), very little is known .about inter-annual variability of the southern
limit in the latitudinal distribution of the migratory stock. Also unknown is the nearshore distribution
of migrating dolphins as it relates to existing resident populations along the coast.
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On-going studies along the east coast of Florida to better understand the presence of the
migratory stock include: continuation of the food habits study, analysis of carbon and nitrogen
1sotopic ratios, determination of pollutant loads (pesticides, heavy metals), examination of internal and
external parasites, studies of mortality patterns and reproductive biotogy, and of population dynamics
in the area. These are part of a multi-disciplinary effort to study the natural history of bottlenose
dolphins occurring in Florida waters.

Table 20. Strandings of Bottlenose Dolphins Along the East Coast of Florida, by County
(Listed Geographically from North to South), 1983-1993

Die-Off Years
1983 1984 1985 1986 1987 1988 1989 1990 19 19
91 92
Nassau 0 0 0 1 8 6 4 1 7 4
St. Johns 3 2 | 4 9 23 10 6 4 8
Flagler 1 3 1 1 8 10 1 6 2 o)
Volusia 2 2 3 8 16 32 7 11 6 5
Brevard 13 10 12 17 21 58 24 21 25 26
Indian 2 2 1 3 3 10 2 2 3 4
River
St. Lucie 2 1 0 3 4 11 8 2 2 3
Martin 1 0 0 0 1 7 2 3 3 1
Palm 1 0 0 I 0 0 0 | 1 0
Beach
Broward 1 2 0 0 0 I 0 I 1 0
Dade 2 2 0 0 2 2 I 2 0 1
Monroe 4 2 3 1 I I 0 4 0 3
TOTAL 32 26 21 39 82 168 61 64 66 71

Acknowledgement: This is Sea World of Florida Technical Contribution No. 9311-F.

B. Strandings in the context of bottlenose dolphin conservation: What should we collect?
(William A. McLellan and Cindy Driscoll): The epizootic event of 1987/1988 that lead to the
mortality of approximately 50 percent of the coastal migratory stock of bottlenose dolphins, Tursiops
sp., was probably the most intensively investigated stranding event in U.S. history. This was
predominantly due to two factors: (1) the qualities that the stranding team brought to the investigation
and (2) the mandate requiring the team to determine cause of death for the event. During the
1987/1988 epizootic, all carcasses recovered were necropsied and data were collected on a wide suite
of characters ranging from viral inclusion bodies to age and reproductive status.  All of these data
were required from each carcass to adequately describe how that animal had "made its living", and
what eventually had lead to its demise. It can be argued today that all of these data are equally
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important and needed to adequately describe the health and reproductive potential of the depleted
coastal migratory stock of bottlenose dolphin.

Strandings of bottlenose dolphins provide excellent (and one of the few) sources of biological
data needed to build a picture of what is happening intrinsically (with) and extrinsically (to) the
coastal migratory stock. Data and tissues should be collected from stranded bottlenose dolphins that
can be used to address specific needs of the conservation plan, including: Who’s there?, when are
they there?, why are they there?, and, what are we doing to them? During the following
discussion of each section, tissue/data collection necessary will be printed in bold-type, and a
summary (Table 21) will be provided at the end. It should be noted that this text is not an exhaustive
treatiment of this subject. Recent publications (Marine Mammals Ashore: A Field Guide for
Strandings, by Geraci and Lounsbury, 1993; and Marine Mammal Strandings in the United States, by
Reynolds and Odell (eds.), 1991) add greatly to this field.

Who’s there? - species/subspecies/population status of bottlenose dolphins in the western
North Adantic: The first and most basic question to answer in a conservation plan is "do we know
who we are conserving?”. Bottlenose dolphins have remained a taxonomic problem since they were
first described (see Mead and Potter, this report). Recently, Mead and Potter {in prep) presented skull
characteristics that clearly separate the offshore stock of western north Atlantic bottlenose dolphins
from the inshore stock, the latter of which includes both coastal migratory and coastal resident
stock(s). Now that we can definitively assign bottlenose dolphin strandings into coastal or offshore
categories, it is imperative that data collected from strandings also be assigned to the appropriate
category. To do this we must collect skulls from all strandings as a voucher to identify the carcass as
an offshore or coastal animal. Additionally, because live strandings are invariably offshore animals,
while coastal animals rarely live strand, it is important to carefully determine and record the
condition code of the animal when it first stranded, i.e., | = alive, 2 = freshly dead, 3 =
moderately decomposed, 4 = severely decomposed (no organs remaining), 5 = skeletal remains only.

All along the east coast there are a number of photo-identification projects currently
underway. These studies rely almost exclusively on dorsal fin scarring and shape patterns to identify
individuals and determine subsequent resights (Scott et al., {990). When a carcass hits the beach, it
is vital to collect a quality photo of both sides of the dorsal fin. As a dorsal fin catalogue begins to
build, there is a great potential to match photos taken of strandings with these taken while the animal
was alive. Data from these "terminal” mark-recapture events will prove vital in determining mortality
and migratory patterns of all bottlenose dolphin stocks. These and other data collected from
strandings will also help us identify the coastal migratory stock. Coloration patterns have proven
valuable in distinguishing coastal and offshore stocks (Mercer, 1973). There is at present a
generalized consensus on the color patterns of coastal/offshore dolphins - with coastal animals being
light gray above and fading to creamy white below, while offshore animals are dark gray above with
a distinct demarcation to bright white below.

Parasite & food habits data: Coastal and offshore specimens can be separated by parasite
loads and food habits (Barros and Odell, 1990; Mead and Potter, 1990; Barros, 1993). As a general
rule, offshore animals have Monorygma grimaldii i the mesenterics of the reproductive track and gut
wall, and Phyllobothrium delphini in the blubber, while coastal animals do not; coastal dolphins have
Braunina cordiformis in the main and pyloric stomach chambers, while offshores do not.
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Tissue samples: Tissues for genetic analysis, including blood, skin & heart, have shown
great value in scparating species and stocks (Duffield, Ridgway and Cornell, 1983). Monitoring of
pollutant loads has also shown potential for separating stocks (Aguilar, 1987; Kuehl, Haebler and
Potter, 1991). Ideally, the data described above should all be collected from the same carcass. This
would allow a more complete picture of the animal’s life to be re-constructed from each stranding.
In an effort to more systematically collect these data, a collection protocol has been developed
(Rommel et al., 1991). This protocol is designed to systematically sample body compartments,
describe lesions, collect blubber, muscle and organ weights, and tissues for histology, in a
quantitative and repeatable manner. Samples for histology on fresh animals must be collected for
disease monitoring. For example, the recent finding of morbillivirus in Gulf of Mexico bottlenose
dolphins was diagnosed through histological exam. The goals of the cotllection protocol are to: (1)
Determine in what ways stranded animals differ from healthy animals; (2) build a baseline for
determining the general health of dolphin populations; (3) collect tissues and data pertinent to
distinguishing species and stocks; (4) archive tissues that can be used to monitor environmental
contaminants/health status over time; and (5) provide tissue banks for researchers around the world.

When are they there? - temporal and spatial distribution of bottlenose dolphins in the
western North Atlantic: Strandings of delphinids take place along the east coast in all months. of the
year. Strandings of pelagic delphinids, i.e. common or saddle-back dolphins (Delphinus delphis) and
Atlantic spotted dolphins (Stenella frontalis) generally indicate the presence of that species in the
local region. Similarly, bottlenose dolphin strandings can tell us a great deal about temporal and
spatial segregation of the coastal migratory, offshore, and potentially, coastal resident stocks. Now
that we have osteological characters that separate coastal from offshore stocks (Mead and Potter, in
prep.), it would be interesting to look at bottlenose dolphin strandings in the Northeast Region from
the winter months. If we accept the hypothesis that the coastal migratory stock(s) migrates south out
of the northeast waters during the winter, then the remaining bottlenose strandings should only be
offshore animals. Alternatively, it would be interesting to look at bottlenose dolphins stranded in the
waters from Florida to North Carolina during the summer months. Employing the same hypothesis,
i.e. that the coastal migratory stock should be in northern waters in the summer;-one could-assume
that the southern strandings are either coastal residents or offshore specimens. By using this "back
door analysis", we might better understand the offshore and coastal resident stocks and potentially
weed these stranding events from the pooled bottlenose dolphin stranding data base. With this
accomplished, the remaining stranding data will start giving us the life history and human interaction
data that is necessary to conserve the coastal migratory stock.

Why are they there? - resource requirements of bottlenose dolphins in the western North
Atlantic: For reasons that we yet do not fully understand, the coastal migratory stock(s) of
bottlenose dolphins apparently undergoes a migration of several hundred miles from the winter to
summer grounds. Conversely, the coastal resident stock is only found in discretely defined region