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Objective—To evaluate annual survival and mortality rates and the longevity of a managed
population of bottlenose dolphins (Tursiops truncatus).

Design—Retrospective cohort study.
Animals—103 bottlenose dolphins at the US Navy Marine Mammal Program (MMP).

Procedures—Population age structures, annual survival and crude mortality rates, and me-
dian age at death for dolphins > 30 days old were determined from 2004 through 2013.

Results—During 2004 through 2013, the annual survival rates for MMP dolphins ranged
from 0.98 to 1.0, and the annual crude mortality rates ranged from 0% to 5%, with a mean
of 2.7%. The median age at death was 30.1 years from 2004 through 2008 and increased
to 32 years from 2009 through 2013. The maximum age for a dolphin in the study was 52
years.

Conclusions and Clinical Relevance—Results indicated that the annual mortality rates
were low and survival rates were high for dolphins in the MMP from 2004 through 2013 and
that the median age at death for MMP dolphins during that time was over 10 years greater
than that reported in free-ranging dolphins. These findings were likely attributable to the
continually improving care and husbandry of managed dolphin populations. (J Am Vet Med
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he US Navy MMP has housed and cared for bottle-

nose dolphins (Tursiops truncatus) for over 50 years.
Because of the clinical and biological research conducted
over the past half century, knowledge of dolphin physi-
ology, clinical medicine, and behavior at the MMP has
expanded greatly!” Specifically, clinical research has
advanced dolphin medicine in areas such as diagnostic
imaging, infectious and metabolic disease discovery and
health assessments, and the establishment of reference
ranges for blood-based indicators of health and immune
status.®® This research has improved the scientific com-
munity’s general understanding of dolphin physiology
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and is being applied to the routine care and health as-
sessments of dolphins.

Some of the greatest risks to the health of the global
human population are infectious diseases, malnutrition,
and lack of access to medical care; when those chal-
lenges are minimized, the health of human populations
improves.'” Access to advanced medical care and good
husbandry practices is expected to improve the health
and welfare of dolphin populations in an analogous
manner. For populations that are sufficiently large to en-
able reasonable interpretations over time, general health
indicators include population age structure, median age
at death, and annual survival and mortality rates.'**' In a
previous survey?** of health population data for dolphins
at the MMP, health indicators were assessed in 5-year in-
tervals between 1988 and 2007. Results of that survey*
indicate that during that period, the number of young
(neonates) and old (> 40 years) dolphins increased, the
median age at death increased from 14 to 26 years, the
5-year crude mortality rate ranged from 2.4% to 4.7%,
and the mean annual survival rates ranged from 0.97
to 0.99. The purpose of the study reported here was to
assess population health indicators for the dolphins at
the MMP from 2004 through 2013 and compare them
with the population health indicators for dolphins at the
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MMP from 1994 through 2003 and free-ranging bottle-
nose dolphins. Additionally, aspects of the medical care,
husbandry, and knowledge of dolphins gained during
the past decade that may have contributed to improved
dolphin health were reviewed.

Materials and Methods

Animals—All 103 bottlenose dolphins in the care
of the MMP during the period from 2004 through 2013
were included in the study, regardless of

sisted of the percentage of dolphins in each of 6 catego-
ries (0 to 5 years, > 5 to 10 years, > 10 to 20 years, > 20
to 30 years, > 30 to 40 years, and > 40 years) and was
calculated for 2004, 2007, 2010, and 2013.

Median age at death and population age—Age at
death in years was calculated as (gone date — birthdate)/365
for dolphins that died. For dolphins = 30 days old, the
median (50th percentile) age at death was determined for
those that died from 2004 through 2008 and from 2009

their geographic location. A dolphin was
considered to be present in the popula-
tion during a given year if the year fell
between or included its birthdate or date
of arrival into the program and the date
it died or was removed from the program
(ie, gone date). Dolphins in the MMP

2013

are fed restaurant-quality, frozen-thawed g
. . . 2010
fish, undergo routine physical examina-

tions, are administered anthelminthic
treatments, are housed in netted enclo-
sures in the ocean, and routinely work

Year

u>10t0 20y

Data collection and analysis—Data
extracted from the MMP database for
each dolphin included its unique iden-
tification, sex, birthdate, arrival date
(date the dolphin entered the MMP if
different from the birthdate), gone date

2004

m0to5y

m>20to30y
u>30to40y
u>40y

(date the dolphin died or was removed
from the MMP), gone year (year that the 0
dolphin was removed from the MMP),

20 40 60 80 100
No. of dolphins

disposition for each year (alive, dead,

or transferred), and gone age (eg, gone Figure T—Population age structure for bottlenose dolphins (Tursiops truncatus) at the
age = gone date — birthdate). Of the 103 US Navy MMP from 2004 through 2013.

dolphins in the study, 56 (54.4%) had

known birthdates, and 47 (45.6%) were
captured from a free-ranging population
with age estimated on the basis of teeth
and other methods as described.** It is
important to note that dolphins at the
MMP have not been acquired from free-
ranging populations for over 25 years.
For each dolphin each year, the number
of days survived was equal to the gone
date minus January 1 if the dolphin died
during the year, the birthdate minus
January 1 of the next year if the dolphin
was born that year, or 365 if it survived
the entire year. Its age in years for each
year was calculated as (June 15 — birth-
date)/365 if it survived the entire year or
(gone date — birthdate)/365 if it died or
was removed from the population that
year. Descriptive data were created, and 5
outcomes of interest were analyzed with
statistical software.*

40
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2009-2013

Figure 2—Median age at death (black bars) and median population age (gray bars) for

Population age structure—The me- bottlenose dolphins > 30 days old at the MMP from 1994 through 2013. The dotted

dian and maximum ages for all dolphins line represents the increase in the median age at death from 1994 through 2013. The

h lculated f h horizontal dashed line represents the median age at death for free-ranging dolphins

at the MMP were calculated for each jn'Sarasota Bay, Fla, reported by Wells et al.2 Data for the MMP dolphins from 1994
year. The population age structure con- through 2003 were obtained from Venn-Watson et al.??
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through 2013 and compared with the me-
dian age of death for dolphins at the MMP 10
from 1994 through 1998 and from 1999
through 2003 that was reported in another
study* The median population age was
also determined and compared among
those periods to assess whether changes in
the median age at death was a function of
median population age.

Annual birthrate and crude mortality
rate—The annual birthrates (ie, the num-
ber of dolphins born during a year/the total
number of dolphins in the population that 2
year) were calculated and compared with the
annual crude mortality rates (ie, the number
of dolphins that died during a year/the total
number of dolphins in the population that
year). Because it is difficult to determine
the mortality rate for dolphins < 30 days

Percentage of population

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Year

old in free-ranging populations, dolphins Figure 3—Annual birthrates (gray bars) and crude mortality rates (black bars) for bot-
< 30 days old that died at the MMP were tlenose dolphins 2 30 days old at the MMP from 2004 through 2013.

excluded from the calculation of the annual

crude mortality rates to ensure consistency
and enable comparisons with results of pre- 1
vious studies” > of free-ranging dolphins.
Age-specific mortality rates were not calcu-
lated because of the low number of deaths 03
within the MMP dolphin population.

Annual survival rate—Survival rate
was calculated on the basis of the non-
age dependent methodology described by
DeMaster and Drevnak?® and represented
the actual versus expected number of live
dolphin-days per year. For each year from

o
e
@

Survival rate
o
w
-

2004 through 2013, the annual survival 096 | -M4
rate was equal to the number of actual

live dolphin-days divided by the number

of expected live dolphin-days. This mod- 09s --J----

el assumes continuous survival for all
dolphins > 30 days old during each year.
For example, if there were 10 dolphins
in a population, we would expect all 10 2004
to live every day for a given year, and

2005 2006 2007 2008 2009 2010 2011 2012 2013
Year

the expected live dolphin-days would be

Figure 4—Annual survival rates for bottlenose dolphins > 30 days old at the MMP

3,650 (10 dolphins X 365 d/y). If one of from 2004 through 2013. Survival rate was calculated on the basis of the non-age
the dolphins died 182 days into the year, dependent methodology described by DeMaster and Drevnak® and was equal to
then the actual live dolphin—days would the number of actual live dolphin-days divided by the number of expected live dol-
b dolphins X d phin-days. The dashed black line represents the survival rate necessary to maintain a

e 3,467 ([9 dolphins X 365 days] + [1 staple free-ranging bottlenose dolphin population reported by Reilly and Barlow.2° The
dolphin X 182 days]), and the annual sur- dashed gray line represents the estimated survival rate for free-ranging dolphins in

vival rate would be 0.95 (3,467/3,650). Sarasota Bay, Fla, reported by Wells and Scott.?”

All dolphins = 30 days old that were part
of the MMP during any part of a given year were includ-
ed in the survival rate calculation for that year.

Results

Dolphins—One hundred three dolphins were cared
for at the MMP during the period from 2004 through
2013, of which 40 (38.8%) were female and 63 (61.2%)
were male. The mean annual number of dolphins in the
MMP was 79 (range, 74 to 83). Only 3 (2.9%) dolphins
were transferred from the MMP to other institutions dur-

ing the study period, and all 3 were transferred during
2007. The initial arrival or birthdates for dolphins in-
cluded in the study ranged from June 1968 to May 2013.
The maximum age for a study dolphin was 52 years.

Population age structure—The population age
structure changed during the study period so that the
percentages of dolphins within each age group were
more evenly distributed (Figure 1). During 2013, 30
of 83 (36%) MMP dolphins were > 30 years old, and 4
(5%) of those were > 40 years old.
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Median age at death—Seventeen dolphins > 30
days old died during the study period. The median age
at death was 30.1 years during the period from 2004
through 2008 and 32 years during the period from
2009 through 2013, compared with 17.2 years during
the period from 1994 through 1998 and 18.7 years dur-
ing the period from 1999 through 2003 (Figure 2).*

Annual birthrates and crude mortality rates—
Both the annual birthrate and crude mortality rate for
dolphins in the MMP ranged from 0% to 5% for the pe-
riod from 2004 through 2013 (Figure 3). The mean an-
nual mortality rate was 2.7%, and the annual birthrate
was similar or equal to the annual crude mortality rate
for most of the years during the study period.

Amnual survival rates—The annual survival rates
ranged from 0.98 to 1.0 during the study period (Figure 4).
Given these high survival rates, further analyses by age cat-
egory were not conducted.

Discussion

Results of the present study indicated that the me-
dian age at death (30 to 32 years) for dolphins at the
MMP during the 10-year period from 2004 through
2013 was almost twice the median age at death (17.2
to 18.7 years)? for dolphins at the MMP during the
previous 10-year period from 1994 through 2003. This
increase in the median age at death was accompanied
by a stable number of dolphins in the population and a
moderate increase in the median population age, which
suggested that the increased longevity of the dolphins
at the MMP was not solely caused by a change in the
age structure of the population (eg, a lack of young dol-
phins). The mean age at death for a closely monitored
population of healthy free-ranging dolphins in Sarasota
Bay, Fla, is 19.9 years.”* Results of another study” of
free-ranging dolphins in the Indian River Lagoon of
Florida indicate that the mortality rate increases ex-
ponentially for dolphins > 15 years old and few dol-
phins survive > 30 to 35 years. Free-ranging dolphins
from Northeast Florida are estimated to live a mean
of 25 years.?® In 2013, 30 of 83 (36%) dolphins in the
MMP were > 30 years old, and the oldest dolphin in
the population was 52 years old, which indicated that
a substantial proportion of the dolphins at the MMP
were surviving longer than the expected mean life span
reported for free-ranging dolphin populations.**2¢

In the present study, the overall mean annual crude
mortality rate was 2.7% and the mean annual survival
rate was 0.99 for the dolphins at the MMP. These rates
are consistent with the mean 5-year crude mortality
(2.4% to 4.7%) and survival (0.97 to 0.99) rates report-
ed for the dolphins at the MMP from 1988 to 2007,
which suggested that MMP dolphins have a high likeli-
hood of survival regardless of whether they were ac-
quired from a free-ranging population prior to 1989 or
were born at the MMP. The annual mortality rates for
dolphins in Sarasota Bay range from 0% to 8%, and the
survival rate is 0.96.%" Free-ranging dolphins in the In-
dian River Lagoon, a population with apparent declin-
ing health attributed to exposure to coastal contami-
nants, have a mean annual mortality rate of 9.8%.% It is

estimated that survival rates ranging from 0.92 to 0.95
are necessary to maintain a stable free-ranging dolphin
population.?®>° Collectively, the present study’s findings
suggested that the dolphins at the MMP have higher an-
nual survival rates and lower annual crude mortality
rates than those of free-ranging dolphins.

Comparisons of the findings for the managed dol-
phins of the present study with those for free-ranging
dolphins are conservative because they included only
dolphins > 30 days old. The survival rate and median
age at death for free-ranging dolphins would be further
decreased if the calculations included dolphin calves <
30 days old, which are difficult to account for in the
wild. For example, the estimated minimal annual mor-
tality rate is 18.9% and the maximum annual survival
rate is 0.80 for dolphins < 1 year old in Sarasota Bay,”’
and the mortality rate is 44% for free-ranging dolphins
< 3 years old in Shark Bay, Australia.>*

The foundation for the present study was the be-
lief that the continuous improvement in clinical care
and husbandry for dolphins at the MMP would result in
improvements in population health indicators during
the 10-year period from 2004 through 2013, compared
with the same indicators during the previous 10-year
period. Long-term best practices related to husbandry,
housing, training, nutrition, and preventive medicine
likely contributed to the continued low mortality rates
and high survival rates for dolphins at the MMP. During
the past 10 years, several key programs and practices
have been built and implemented to further improve
the care of managed dolphins and may have contrib-
uted to the increased longevity of those animals.

Similar to humans, advanced age has been iden-
tified as a risk factor for bacterial pneumonia in dol-
phins.?>3* Unlike humans, however, dolphins can mask
overt evidence of infections until disease reaches an
advanced stage, an ability that is believed to help them
evade predators.®” Until the past 10 years, traditional
diagnostics were frequently limited to aerobic and
anaerobic bacterial and fungal cultures of swab speci-
mens obtained from the blowholes of dolphins with ad-
vanced disease. Currently available diagnostic imaging
procedures, such as ultrasonography, radiography, CT,
and the use of CT- or ultrasound-guided fine needle as-
piration and biopsy techniques to obtain specimens of
diseased tissues, along with the development and use
of broth cultures and PCR assays for the detection of
various pathogens, have improved the ability to identify
and confirm infections in the early stages of disease,
characterize the severity of the disease, and monitor the
response to treatment.'**>>" These advanced methods
for disease detection and the effective use of hydration
and targeted, time-limited IV administration of anti-
microbials for the treatment of infectious disease (a
cause of death in wild and managed dolphin popula-
tions) have likely contributed to the longevity of man-
aged dolphins.!*3=7

Dolphins at the MMP are trained to be transported,
which allows them to be readily transported for medical
evaluation with minimal stress.’**® Use of advanced di-
agnostic imaging modalities such as CT has helped im-
prove our understanding of dolphin anatomy, identify
and characterize disease processes, target interventions,
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and monitor response to treatment.'*'**¥ Although well-
ventilated anesthesia performed out of the water for a
large animal that is typically buoyant can be a challeng-
ing task, improvements have occurred in technologies
and approaches for successful dolphin anesthesia and
surgery, such as hepatic vein catheterization for blood
pressure monitoring and medication administration,
arterial catheterization for blood pressure monitoring,
and the use of laser lithotripsy for treatment of ureteral
calculus obstruction.?**

Twice during the study period, a group of 40 to
50 experts in areas such as marine mammal and other
animal medicine, human health, advanced diagnostic
and medical technologies, geriatric health, immunol-
ogy, urology, metabolism, infectious disease, and epi-
demiology convened at the MMP. During the 2.5-day
meetings, the group discussed the most pressing clini-
cal research needs for mammals at the MMP, which
resulted in a prioritized list of research projects to be
implemented over a 5-year period. Clinical advance-
ments that have originated from or progressed as part of
these clinical research investment strategies include the
diagnosis and treatment of iron overload, development
of PCR assays and risk assessments for known marine
mammal-associated viruses and bacteria, identifica-
tion and use of adipose-derived regenerative (ie, stem)
cells, development of dolphin-specific immune assays,
discovery of dolphin-specific commensal-based probi-
otics, standardization and use of advanced imaging for
disease detection, detection of and identification of risk
factors associated with subclinical metabolic syndrome,
identification of risk factors associated with ammonium
urate nephrolithiasis, use of breath analysis for clinical
assessments, and identification of targeted syndromes
associated with advanced age.”1012-1%164145 These clin-
ical research successes have been, in part, the result of
focus on the highest-priority clinical needs, the ability
to train dolphins to perform certain behaviors that fa-
cilitate examination, access to clinical and longitudinal
dolphin health data and archived biological specimens,
collaborations with leading national experts, and ad-
equate funding. Future areas of interest include envi-
ronmental research that may benefit the health of both
managed and free-ranging dolphins and elucidation of
the changing dietary, social, and environmental needs
of dolphins as they age.

The findings of the present study indicated that the
longevity of dolphins at the MMP has improved dur-
ing the past 10 years, compared with that during the
previous decade, and that dolphins in the MMP live a
mean of approximately 10 years longer than do their
free-ranging counterparts. Furthermore, the mortality
rates continue to be low and the survival rates remain
high for dolphins at the MMP. It is perhaps not surpris-
ing that dolphins at the MMP have better overall health,
compared with free-ranging dolphins, because they are
protected from natural predators, human-based threats
(eg, fishing bycatch), calf abandonment, and foodborne
parasitic diseases. Similar to improved human popula-
tion health because of improved access to or advance-
ments in medical care, the improved longevity for dol-
phins at the MMP is likely the result of multiple factors
associated with marine mammal medicine and hus-

bandry, including targeted detection of and response to
infectious diseases; advancements in diagnostic imag-
ing, anesthesia, and surgery; incorporation of a wide
variety of specialists into marine mammal practice; a
fairly small doctor-to-patient ratio; development and
implementation of targeted and prioritized 5-year clini-
cal research investment strategies; and application of a
one health approach that involves active engagement
by medical experts in human health.

a. SAS, version 9, SAS Institute Inc, Cary, NC.

References

1. Houser DS, Finneran JJ, Ridgway SH. Research with Navy ma-
rine mammals benefits animal care, conservation, and biology.
Int ] Comp Psychol 2010;23:249-268.

2. Branstetter BK, Finneran JJ, Fletcher EA, et al. Dolphins can
maintain vigilant behavior through echolocation for 15 days
without interruption or cognitive impairment. PLoS ONE [serial
online]. 2012;7:e47478. Available at: www.plosone.org/article/
info%3Adoi%2F10.1371%2Fjournal.pone.0047478.  Accessed
Sep 2, 2014.

3. Finneran JJ, Mulsow J, Schlundt C, et al. Dolphin and sea lion
auditory evoked potentials in response to single and multiple
swept amplitude tones. ] Acoust Soc Am 2011;130:1038-1048.

4. Houser DS, Moore PW, Johnson S, et al. Relationship of blood
flow and metabolism to acoustic processing centers of the dol-
phin brain. J Acoust Soc Am 2010;128:1460-1466.

5. Ridgway SH, Elsberry WR, Blackwood DJ, et al. Vocal reporting
of echolocation targets: dolphins often report before click trains
end. J Acoust Soc Am 2012;131:593-598.

6.  Ridgway S, Venn-Watson S. Effects of fresh and seawater inges-
tion on osmoregulation in Atlantic bottlenose dolphins (Tur-
siops truncatus). ] Comp Physiol B 2010;180:563-576.

7. Venn-Watson S, Smith CR, Gomez E et al. Physiology of aging
among healthy, older bottlenose dolphins (Tursiops truncatus): com-
parisons with aging humans. ] Comp Physiol B 2011;181:667-680.

8. Venn-Watson S, Carlin K, Ridgway S. Dolphins as animal models
for type 2 diabetes: sustained, post-prandial hyperglycemia and
hyperinsulinemia. Gen Comp Endocrinol 2011;170:193-199.

9.  Johnson SP, Venn-Watson SK, Cassle SE, et al. Use of phlebot-
omy treatment in Atlantic bottlenose dolphins with iron over-
load. ] Am Vet Med Assoc 2009;235:194-200.

10. Meegan J, Dunn JL, Venn-Watson SK, et al. Serologic response
in bottlenose dolphins (Tursiops truncatus) infected with Brucel-
la sp. using a dolphin-specific indirect ELISA. Dis Aquat Organ
2012;102:73-85.

11. Nollens HH, Rivera R, Palacios G, et al. New recognition of en-
terovirus infections in bottlenose dolphins (Tursiops truncatus).
Vet Microbiol 2009;139:170-175.

12.  Ruiz CL, Nollens HH, Venn-Watson S, et al. Baseline circulating
immunoglobulin G levels in managed collection and free-rang-
ing bottlenose dolphins (Tursiops truncatus). Dev Comp Immunol
2009;33:449-455.

13. Smith CR, Poindexter JR, Meegan JM, et al. Pathophysiological
and physicochemical basis of ammonium urate stone formation
in dolphins. J Urol 2014;192:260-266.

14. Smith CR, Solano M, Lutmerding BA, et al. Pulmonary ultra-
sound findings in a bottlenose dolphin Tursiops truncatus popu-
lation. Dis Aquat Organ 2012;101:243-255.

15. Venn-Watson S, Jensen ED, Ridgway SH. Effects of age and sex
on clinicopathologic reference ranges in a healthy managed
Atlantic bottlenose dolphin population. ] Am Vet Med Assoc
2007;231:596-601.

16. Venn-Watson S, Smith C, Stevenson S, et al. Blood-based indicators
of insulin resistance and metabolic syndrome in bottlenose dolphins
(Tursiops truncatus). Frontiers Endocrinol 2013;4:136.

17. Lopez AD, Mathers CD, Ezzati M, et al. Global and regional
burden of disease and risk factors, 2001: systematic analysis of
population health data. Lancet 2006;367:1747-1757.

JAVMA, Vol 246, No. 8, April 15, 2015

Scientific Reports 897

>
o
c
=
O
>
Z
<
>
—
»




(%)
-
<<
=
Z
<
O
&
=)
g
b3

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31

32.

York A. The population dynamics of northern sea lions, 1975-
1985. Mar Mamm Sci 1994;10:38-51.

Holmes EE, York AE. Using age structure to detect impacts on
threatened populations: a case study with stellar sea lions. Con-
serv Biol 2003;17:1794-1806.

Barlow J, Boveng P. Modeling age-specific mortality for marine
mammal populations. Mar Mamm Sci 1991;7:50-65.

Bodkin JL, Burdin AM, Ryazanov DA. Age- and sex-specific
mortality and population structure in sea otters. Mar Mamm Sci
2000;16:201-219.

Venn-Watson SK, Jensen ED, Ridgway SH. Evaluation of popu-
lation health among bottlenose dolphins (Tursiops truncatus) at
the United States Navy Marine Mammal Program. ] Am Vet Med
Assoc 2011;238:356-360.

Demaster DP, Drevenak JK. Survivorship patterns in three spe-
cies of captive cetaceans. Mar Mamm Sci 1988;4:297-311.
Wells RS, McHugh KA, Douglas DC, et al. Evaluation of poten-
tial protective factors against metabolic syndrome in bottlenose
dolphins: feeding and activity patterns of dolphins in Sarasota
Bay, Florida. Frontiers Endocrinol 2013;4:139.

Stolen MK, Barlow J. A model life table for bottlenose dolphins
(Tursiops truncatus) from the Indian River Lagoon System, Flor-
ida, U.S.A. Mar Mamm Sci 2003;19:630-649.

Sergeant DE, Caldwell DK, Caldwell MC. Age, growth, and ma-
turity of bottlenosed dolphin (Tursiops truncatus) from North-
east Florida. J Fish Res Board Can 1973;30:1009-1011.

Wells RS, Scott MD. Estimating bottlenose dolphin population
parameters from individual identification and capture-release tech-
niques. Report from the International Whaling Commission. Spe-
cial issue 12. Impington, Cambridge, England: International
Whaling Commission, 1990;407-415.

Shaffer ML. Minimum population sizes for species conserva-
tion. Bioscience 1981;31:131-134.

Small RJ, Demaster DP. Survival of five species of captive marine
mammals. Mar Mamm Sci 1995;11:209-226.

Reilly SB, Barlow J. Rates of increase in dolphin population size.
Fish Bull 1986;84:527-533.

Mann J, Conner RC, Barre LM, et al. Female reproductive success
in bottlenose dolphins (Tursiops sp.): life history, habitat, provi-
sioning, and group-size effects. Behav Ecol 2000;11:210-219.
Venn-Watson S, Smith CR, Jensen ED, et al. Assessing the

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

potential health impacts of the 2003 and 2007 firestorms on
bottlenose dolphins (Tursiops truncatus) in San Diego Bay. Inhal
Toxicol 2013;25:481-491.

Gardner ID. The effect of aging on susceptibility to infection.
Rev Infect Dis 1980;2:801-810.

Verghese A, Berk S. Bacterial pneumonia in the elderly. Medicine
1983;62:271-285.

Yeates LC, Carlin KP, Baird M, et al. Nitric oxide in the breath
of bottlenose dolphins: effects of breath hold duration, feeding,
and lung disease. Mar Mamm Sci 2013;30:272-281.

Nollens HH, Wellehan JE, Saliki JT, et al. Characterization of a
parainfluenza virus isolated from a bottlenose dolphin (Tursiops
truncatus). Vet Microbiol 2008;128:231-242.

Venn-Watson S, Smith CR, Jensen ED. Primary bacterial patho-
gens in bottlenose dolphins Tursiops truncatus: needles in hay-
stacks of commensal and environmental microbes. Dis Aquat
Organ 2008;79:87-93.

Ivanci¢ M, Solano M, Smith CR. Computed tomography and
cross-sectional anatomy of the thorax of the live bottlenose dol-
phin (Tursiops truncatus). Anat Rec (Hoboken) 2014;297:901-915.
Dold C, Ridgway S. Cetaceans. In: West G, Heard D, Caulkett
N, eds. Zoo animal and wildlife immobilization and anesthesia.
Oxford, England: Blackwell Publishing Ltd, 2008;485-496.
Schmitt TL, Sur RL. Treatment of ureteral calculus obstruction
with laser lithotripsy in an Atlantic bottlenose dolphin (Tursiops
truncatus). ] Zoo Wildl Med 2012;43:101-109.

Mazzaro LM, Johnson SP, Fair PA, et al. Iron indices among bottle-
nose dolphins (Tursiops truncatus). Comp Med 2012;62:508-515.
Venn-Watson S, Rivera R, Smith CR, et al. Exposure to nov-
el parainfluenza virus and clinical relevance in 2 bottlenose
dolphin (Tursiops truncatus) populations. Emerg Infect Dis
2008;14:397-405.

Diaz MA, Bik EM, Carlin KP, et al. Identification of Lactobacil-
lus strains with probiotic features from the bottlenose dolphin
(Tursiops truncatus). ] Appl Microbiol 2013;115:1037-1051.
Johnson SP, Catania JM, Harman R, et al. Adipose-derived stem
cell collection and characterization in bottlenose dolphins (Tur-
siops truncatus). Stem Cells Dev 2012;21:2949-2957.

Schivo M, Aksenov AA, Yeates LC, et al. Diabetes and the meta-
bolic syndrome: possibilities of a new breath test in a dolphin
model. Frontiers Endocrinol 2013;4:163.

898

Scientific Reports

JAVMA, Vol 246, No. 8, April 15, 2015



