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Abstract: The order Sirenia is represented by three species of manatees and one species of dugong distributed in

tropical and subtropical regions of the world and considered vulnerable to extinction. The sentinel species concept

is useful to identify indicators of the environment and may reflect the quality of health in marine ecosystems. The

single species approach to evaluate ecological health may provide a series of ‘‘snap shots’’ of environmental

changes to determine if animal, human, or ecosystem health may be affected. Under this concept, marine

vertebrates may be good integrators of changes over space and time, and excellent sentinels of ecosystem health.

Based on their life history, manatees may or may not be ideal sentinels, as they are robust, long-lived species and

appear remarkably resilient to natural disease and the effects of human-related injury and trauma. These char-

acteristics might be the result of an efficient and responsive immune system compared to other marine mammals.

Although relatively immune to infectious agents, manatees face other potentially serious threats, including

epizootic diseases and pollution while in large aggregations. Manatees can serve as excellent sentinels of harmful

algal blooms due to their high sensitivity, specifically to brevetoxicosis, which has caused at least two major die-offs

in recent times. Threats to manatees worldwide, such as illegal hunting and boat collisions, are increasing. Habitat

is being lost at an alarming rate and the full effects of uncontrolled human population growth on the species are

unknown. The manatee may serve as a sentinel species, prognosticating the deleterious effects of unhealthy marine

and aquatic ecosystems on humans. We have identified a number of critical research needs and opportunities for

transdisciplinary collaboration that could help advance the use of the sentinel species concept in marine ecosystem

health and monitoring of disease emergence using our knowledge on these magnificent sirenians.
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INTRODUCTION

The order Sirenia is represented by three species of man-

atees and one species of dugong distributed in tropical and

subtropical regions of the world. All Sirenia are listed as

vulnerable to extinction by the World Conservation Union

(IUCN) (Marsh and Lefebvre, 1994). The family Triche-

chidae is comprised of the three species of manatee: the

Amazonian manatee (Trichechus inunguis) inhabits the

Amazon river, the West African manatee (T. senegalensis) is

found along the coast of western Africa, and the West In-
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dian manatee (T. manatus) resides in the tropics of the

Americas. The West Indian manatee includes two subspe-

cies: the Antillean manatee (T. m. manatus) is distributed

in the Caribbean, Mexico, Central and northern South

America, while the Florida manatee (T. m. latirostris) is

restricted to southeastern United States and the Gulf of

Mexico. The dugong (Dugong dugon) is the only extant

species of the family Dugongidae and is distributed pri-

marily in the Indopacific, including eastern Africa (Rey-

nolds and Odell, 1991).

Manatees are typically located in coastal areas, inhab-

iting rivers, estuaries, marshes, and inlets; occasionally they

are observed in the sea. The species are intolerant of cold

water. Winter temperatures restrict the Florida manatee to

1 of 25 warm-water refugia, 16 of which are artificial (Bell,

2000). In warmer months, many animals travel further

north and are routinely sighted in Georgia and South

Carolina on the east coast, and in Mississippi and Louisiana

on the gulf coast. Extralimital sightings have increased over

the last few years as evidenced by recent sightings at

Chesapeake Bay in Maryland, Long Island in New York,

and Galveston Bay in Texas (Bonde and Lefebvre, 2001).

The use of the sentinel species concept to monitor the

health of marine ecosystems is not clear for the manatee.

Sentinel, from the Latin sentire, means to perceive or feel.

According to the Oxford English Dictionary, a sentinel is

defined as one who ‘‘stand[s] guard over.’’ A sentinel

species is thus one that is ‘‘on guard’’ or ‘‘vigilant’’ of

changes occurring in its environment. Sentinel species

provide knowledge in order to facilitate early responses to

potentially hazardous conditions and permit more effective

resource management. We hope that sentinel species will

detect changes prior to their effects becoming irreversible

(Reddy et al., 2001). In some circumstances, manatees may

serve as ideal sentinels of ecosystem health; however, in

other instances they may not qualify as a species to answer

specific questions about the environment due to their un-

ique characteristics. The purpose of this article is to briefly

review the anthropogenic and natural threats affecting

manatees, and to discuss the qualities of the species that

make it a potential sentinel of marine ecosystem health.

UNIQUE MARINE MAMMAL SPECIES

Manatees are obligate herbivores that are low on the food

chain, contrary to other potential marine vertebrate senti-

nel species. They feed on a wide variety of both freshwater

and saltwater plants, consuming up to 10% of their body

weight per day. Except for Florida, insufficient data exist on

population size, birth rates, causes of mortality, seasonal

distribution, and habitat requirements for the species

worldwide (Reynolds and Odell, 1991). Despite reaching

the massive size of 1200 kg in weight and 3.5 m in length

(Walsh and Bossart, 1999), manatees are gentle, incon-

spicuous, and shy creatures. They reach sexual maturity

between 6 and 10 years of age, have a 20-month gestation

period, and calve every 2–5 years (Reynolds and Odell,

1991). Consequently, the slightest changes to either mor-

bidity or fecundity will have dramatic effects on the long-

term survival of the population (Marmontel et al., 1997).

Additionally, impacts due to human-related mortality are

extremely high in some regions, resulting in a low repro-

duction rate (Rathbun et al., 1995). If current reproductive

rate and survival estimates are correct for some areas, then

the prognosis for a healthy, sustainable population is poor

(Langtimm et al., 1998; O’Shea et al., 2001).

The species is vigorously studied in Florida, with re-

search concentrating on distribution and movement pat-

terns, feeding, habitat status, physiology and functional

morphology, and captive husbandry. Throughout all of this

work is the superseding concern for the survival of the

species. Causes of manatee deaths have been well docu-

mented (Buergelt et al., 1984; O’Shea et al., 1985), with

recent records indicating an alarming increase in mortality

numbers, although actual rates are unknown (Ackerman et

al., 1995). In 2000, 273 manatees died in Florida’s water-

ways (Fig. 1). Mortality has occurred on several fronts:

direct human-related causes primarily result from collisions

with water vessels. Human and natural causes of mortality

for the Florida manatee are summarized in Figure 2. Nat-

ural causes include exposure to low temperatures in winter,

resulting in metabolic drain and hypothermia; harmful

algal blooms due to lethal red tide outbreaks; and anthro-

pogenic maladies, such as possible exposure to environ-

mental contaminants (O’Shea et al., 1991; Bossart et al.,

1998; FFWCC, 2003, Wright et al., 2002).

CANARIES IN THE MINESHAFT?

Manatees may not be ideal sentinels, as they are robust,

long-lived species, and appear remarkably resilient to nat-

ural disease and the effects of human-related injury and

trauma. These characteristics may be the result of an effi-

cient and responsive immune system compared to other
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marine mammals (Bossart, 1999). Investigations of the

infectious disease of manatees are relatively recent. Anti-

bodies to some infectious agents have been found in wild

and captive Florida manatees, including porpoise and

dolphin morbilliviruses, pseudorabies virus, San Miguel sea

lion virus type 1, and several equine encephalitis viruses

(Duignan et al., 1995; Geraci et al., 1999). No evidence of

clinical disease to any of these agents has been demon-

strated.

Although relatively immune to infectious agents,

manatees face other potentially serious threats, including

epizootic diseases and pollution while in large aggregations

(O’Shea et al., 1991; Bossart et al., 1998). Three orga-

nochlorines, six metals, 48 species of bacteria, 2 fungi, 3

protozoans, 4 trematodes, 2 nematodes, 1 cestode, and 15

ectoparasites, copepods, barnacles, and assocites have been

documented in the Florida manatee, and some have been

directly associated with morbidity and mortality (Forrester,

Figure 1. Number of human-

related Florida manatee

(Trichechus manatus latirostris)

deaths per year (total 1239),

1986–2003 (source: Florida Marine

Research Institute).

Figure 2. Causes of mortality of

the Florida manatee (Trichechus

manatus latirostris) based on 4058

necropsies, 1986–2003 (source:

Florida Marine Research Institute).
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1992). Manatees often aggregate in warm water or feed

together in large, massive sea grass beds where contagious

disease can spread rapidly, potentially devastating a pop-

ulation. Manatees that are environmentally stressed are

known to be immunologically suppressed and susceptible

to pathogens, as was recently reported with an outbreak

involving papillomavirus in Florida (Bossart et al., 2002b).

SENTINELS OF HARMFUL ALGAL BLOOMS

Manatees can serve as excellent sentinels of harmful algal

blooms due to their high sensitivity (Trainer and Baden,

1999). Manatees succumb relatively quickly to marine toxic

algal blooms. Brevetoxin toxicosis, a condition produced by

the dinoflagellate Karenia brevis, has been identified as an

important cause of mortality in Florida manatees (O’Shea et

al., 1991; Bossart et al., 1998, 2002a). At least two die-offs of

Florida manatees have been attributed to this toxin. In 1982,

almost 40 manatees were found dead and many moribund

animals were found with neurological signs. In 1996,

approximately 150 manatees died in an epizootic along the

southwest coast of Florida. Severe nasopharyngeal and pul-

monary lesions were present in all cases, suggesting inhalation

as the primary route of exposure (Bossart et al., 1998, 2002a).

An immunohistochemical technique to test for dino-

flagellate toxins has recently been developed (Bossart et al.,

1998), thus increasing the utility of the manatee as a sentinel

of toxic algal blooms. This test, along with the manatee’s

high sensitivity to algal toxins, made possible for the first

time the determination of the presence, abundance, and

distribution of brevetoxin in animal tissues. Also, the uti-

lization of this technology confirmed a type of consumption

coagulopathy during the 1996 unusual mortality event and

during a smaller die-off that occurred in 2000 (Bossart,

2001). The manatee may be a good sentinel species for

coastal ecosystems during red tide events. Scientists, how-

ever, must determine if the manatee is the most accurate

sentinel to systematically alert professionals to these threats

that may affect both wildlife and human populations.

SENTINELS OF ENVIRONMENTAL

CONTAMINANTS

Due to their benthic habits, manatees come in direct con-

tact with sediments that could be laced with contaminants.

Specifically, copper-based herbicides used to control

aquatic vegetation as well as run-off from agricultural fer-

tilizers and pesticides may contaminate manatee feeding

habitats. Florida currently has large expanses of agricultural

land near wetlands and rivers where contamination of

waterways is highly probable. Pollution can also indirectly

affect manatees by reducing their food source and thereby

reducing reproduction, causing nutritional stress, and

promoting shifts in population distribution. A decrease of

seagrasses by 80% in Tampa Bay, for example, has reduced

the carrying capacity of manatees in the region. Only

during the past few years have seagrasses begun to increase

their coverage of the bay, resulting from a clean up and an

improvement in water clarity. Additionally, manatee

numbers in the area appear to be increasing (Wright et al.,

2002). Changes in water quality and the health of seagrass

beds may affect a manatee population, as well as the pop-

ulations of organisms coexisting in the habitat. It is

therefore evident that pollution and development that can

adversely affect seagrass beds or freshwater vegetation will

also have an impact on manatee populations. Declines in

their food source are apparent within a season and may

alert conservationists to possible effects on other species

that are also dependent on these rich stands of vegetation.

Other sources of pollution in the marine ecosystem can

be generally attributed to marine vessels and associated

cargo, fuel spillage, bottom paint, boat sewage, coastal

industrial facilities, and municipal waste. Marine vessels

discharge many types of waste into the waterways, includ-

ing fuels and solvents. The bottom paints used on some

vessels contain chemical constituents that are toxic to many

marine organisms, and manatees are often seen rubbing or

even mouthing the bottom of boats. Discarded trash is also

the source of manatee entanglements, or may induce

ingestion of foreign objects that cause digestive blockages

(Beck and Barros, 1991).

Attracted to industrial effluents by the increased water

temperature, manatees are potentially exposed to numer-

ous toxins (O’Shea et al., 1984). Municipal outfalls can also

contain endocrine disruptive agents, coliforms, and a

variety of potential pathogens. Analyses of manatee tissues

have already established baseline levels for a broad series of

contaminants. Tests were performed on 45 tissues recov-

ered from stranded carcasses using combined gas chro-

matography-mass spectrometry for a variety of chlorinated

hydrocarbons (Ames and Van Vleet, 1996). Pesticides

including o,p-DDT, o,p-DDD, hexachlorobenzene, and

lindane were detected in liver, kidney, and blubber. How-

ever, due to their low frequency, concentrations could not

be related to age, sex, length, or geographical location.
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Although the risk of exposure to heavy metals and

organochlorines is high in some urban or intensively

agricultural areas, manatees occupy a position low on the

food chain and current known exposure to the most pre-

valent contaminants is rather low. However, in one case,

contaminated water was thought to be the route of expo-

sure for the infection of a manatee with Toxoplasma gondii,

resulting in meningoencephalitis (Buergelt and Bonde,

1983).

MANATEES IN OTHER COUNTRIES

The most pressing problem in the effective management

and conservation of the West Indian manatee is perhaps

mortality due to human activities. For example, 90 manatee

strandings in Puerto Rico were recovered from 1990

through 1995. Patterns of mortality, including type of

event, condition of carcasses, spatial and temporal distri-

bution, gender, size/age class, and the cause of death were

determined. Most identified causes of death were due to

human interaction, especially captures and watercraft col-

lisions. Natural causes usually involved dependent calves. A

reduction in anthropogenic mortality of this endangered

species in Florida and other countries can be accomplished

only through education, proactive management, and a re-

gional conservation plan that includes law enforcement,

mortality assessment, scientific research, rescue and reha-

bilitation, and interagency cooperation (Mignucci-Gian-

noni et al., 2000).

Data indicate that manatees are threatened by hunting,

an increase in boat traffic, associated in part to an increase

in ecotourism, and environmental degradation associated

with the clearing of tropical forest for commercial banana

plantations, logging, and cattle ranching in Costa Rica

(Smethurst and Nietschmann, 1999). The Amazonian

manatee faces an even grimmer future. For example, in

Peru, the species has been legally protected since 1973;

however, exploitation for local consumption of meat has

continued without any restrictions (Reeves et al., 1996).

Surveys in Ecuador identified manatees only from black-

water habitats in undisturbed, primary, lowland rainforest.

Manatees were abundant only at one locality, Laguna La-

garto Cocha. However, this population was actively hunted

and the meat sold to the local military outposts. It was

estimated that if that level of harvest continued unabated,

Amazonian manatees would be extinct within a few years in

Ecuador (Timm et al., 1986). If human activities are not

managed to reduce their impact on manatees, the species

will be extirpated throughout an ever-greater percentage of

its range.

MANATEES AS A SENTINEL SPECIES

The current minimum estimate of the Florida manatee

population is about 3300, based on an aerial survey con-

ducted in January 2001 when 3276 manatees were counted

(FFWCC, 2002). However, there is not sufficient infor-

mation to quantify historical population trends and overall

population dynamics. Genetic data using microsatellites

suggest that manatees in Florida have gone through a re-

cent bottleneck event (Garcia-Rodriguez, 2000). The lack of

heterozygosity may result in animals displaying immuno-

logical depression or lower reproductive success. This

endangered species is subject to continually increasing

threats as it grapples to compete with a rapidly growing

human population. Habitat is being lost at an alarming rate

and the full effects of uncontrolled human population

growth on this species are unknown. The manatee may

serve as a sentinel species, prognosticating deleterious ef-

fects to humans of unhealthy marine and aquatic ecosys-

tems.

Tourism in Florida is a major industry continuing to

be a threat to manatees (O’Shea, 1995). Coupled with this

increase in tourism is greater waterborne recreation, more

boats occupying fragile habitat, and the associated pollu-

tion (O’Shea et al., 2001). As an example, last year in

Crystal River in northwest Florida, more than 70,000

people came to swim with manatees (Sorice, 2001). Large

numbers of humans donning masks, fins, and snorkels

converged onto the winter aggregation areas in hope of

connecting with wild manatees on a one-to-one basis.

However, little is known about the potential impact of this

form of wildlife observation on the population. In this case,

swimming with wild manatees is viewed as a resource to

educate the public about manatees and the unique regional

habitat and ample biodiversity that enriches the Gulf Coast

of Florida. Possible water pollution and destruction of

seagrass beds may inevitably outweigh the benefits of eco-

tourism.

There is a concerted effort to recover and examine all

reported manatee carcasses throughout the State of Florida.

Florida Fish and Wildlife Conservation Commission

(FFWCC) researchers following a standardized and detailed

necropsy protocol (Bonde et al., 1983) examine each car-
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cass. Thousands of tissue samples have been collected and

archived for more than two decades. Therefore, there

currently exists a wealth of historical data and samples

available from federal and state wildlife agencies that can be

used retrospectively for comparative analyses. The vast

knowledge about distribution and movement of manatees

is the foundation for a well-based sentinel species program.

MONITORING AND HEALTH ASSESSMENT

Long-term monitoring and health assessment studies are

key factors to characterize a species as a sentinel of marine

ecosystem health. Radio-telemetry studies of manatees in

Florida have been ongoing for over 25 years, thus making

the manatee the most successfully tracked marine mammal

to date (Deutsch et al., 1998). Scientists have learned that

most individuals have specific seasonal site fidelity. Some

have home ranges within a few miles of their over-win-

tering site, whereas others travel the entire coastline,

migrating in excess of 500 miles. These movements are

often made in response to changes in water temperature, as

well as food preferences, freshwater availability, and social

behavior.

A computerized catalog of photographs of manatees

with unique scars and features has enabled scientists to

monitor the movements and site fidelity of individuals

throughout their range (Beck and Reid, 1995). Over 2,000

individual manatees are recognized and monitored with

this system. Work initiated more than 30 years ago is in-

cluded in the database. Additionally, all manatees captured

in the wild are now fitted with passive integrated tran-

sponder (PIT) chips and freeze-branded for future identi-

fication if scars are not present. Development and

application of these technologies for mark recapture

assessment, coupled with recent advances in molecular

genetics work, are providing information on current pop-

ulation status and trends (Langtimm et al., 1998; Garcia-

Rodriguez et al., 1998; O’Shea et al., 2001).

Complete health assessments are also conducted on

Florida manatees whenever possible (Walsh and Bossart,

1999). Also, relatively pristine populations are being

monitored on a long-term basis. Manatees in Southern

Lagoon, Belize have been monitored for several years

(Aguirre et al., 2002a; Bonde et al., 2001, 2002; Powell et al.,

2001). Multiple recaptures have provided the basis for

obtaining a series of ‘‘snapshots’’ of individuals, which in

turn will furnish the epidemiological information to make

inferences at the population level. Researchers have been

able to determine condition, health, seasonality, and envi-

ronmental changes over time. Manatee population data can

then be compared to data regarding water temperature and

seagrass bed cover changes to determine how this species

can signal a decrease in ecosystem health (Axis-Arroyo et

al., 1998). If several populations or species are monitored

with this intensity, then researchers will obtain a picture of

the health of an ecosystem or region. This proactive ap-

proach may also provide a basis for monitoring emerging

diseases, new pollutants, or other anthropogenic influences

in an ecosystem (Aguirre et al., 2002b).

CONCLUSIONS

The single species approach may provide a series of ‘‘snap

shots’’ of environmental changes to determine if animal,

human, or ecosystem health may be affected. Manatees are

good integrators of changes over space and time and could

serve as sentinels of ecosystem health. By moving in and

out of infected or polluted areas, or both, they can spread

pathogens and contaminants geographically as well as

throughout the food chain. The sentinel species concept

can be useful for providing an ‘‘early warning’’ system of

emerging diseases or for monitoring the course of disease-

related activities requiring prevention, remediation, or

control. We have identified a number of critical research

needs and opportunities for transdisciplinary collaboration

that could help advance the use of sentinel species in eco-

system health, and the monitoring of disease emergence,

using our knowledge of these magnificent sirenians.

REFERENCES

Ackerman BB, Wright SD, Bonde RK, Odell DK, Banowetz DJ
(1995) Trends and patterns in manatee mortality in Florida,
1974–1991. In: Population Biology of the Florida Manatee
(Trichechus manatus latirostris), O’Shea TJ, Ackerman BB,
Percival HF (editors), National Biological Service, Information
Technology Report 1, pp 223–258

Aguirre AA, Bonde RK, Powell JA (2002a) Biology, movements
and health assessment of free-ranging manatees in Belize. In:
51st Annual Wildlife Disease Association Conference, Hum-
boldt State University, Arcata, CA, p 135

Aguirre AA, Ostfeld RS, Tabor GM, House CA, Pearl MC
(editors) (2002b) Conservation Medicine: Ecological Health in
Practice, New York: Oxford University Press

Ames AL, Van Vleet ES (1996) Organochlorine residues in the
Florida manatee. Trichechus manatus latirostris, Marine Pollu-
tion Bulletin 32:374–377

260 Robert K. Bonde et al.



Axis-Arroyo J, Morales-Vela B, Torruco-Gomez D, Vega-Cendejas
ME (1998) Factors associated with habitat use by the Caribbean
manatee (Trichechus manatus), in Quintana Roo, Mexico
(Mammalia). Revista de Biologia Tropical 46:791–803

Beck CA, Barros NB (1991) The impact of debris on the Florida
manatee. Marine Pollution Bulletin 22:508–510

Beck CA, Reid JP (1995) An automated photo-identification
catalog for studies of the life history of the Florida manatee. In:
Population Biology of the Florida Manatee (Trichechus manatus
latirostris), O’Shea TJ, Ackerman BB, Percival HF. (editors),
National Biological Service, Information and Technology Re-
port 1, pp 120–134

Bell JT (2000) Characterization and analysis of artificial warm-
water refugia and their use by the Florida manatee (Trichechus
manatus latirostris) on the east coast of Florida. Master’s Thesis,
Duke University, Durham, NC, 55 pp

Bonde RK, Lefebvre LW (2001) Manatees in the Gulf of Mexico.
In: Gulf of Mexico Marine Protected Species Workshop, June
1999, McKay M, Nides J, Lang W, Vigil D (editors), U.S.
Department of the Interior, Minerals Management Service, Gulf
of Mexico OCS Region, New Orleans, Louisiana. OCS Study
MMS 2001-039, pp 35–40

Bonde RK, Aguirre AA, Powell JA (2001) Biological assessment
and handling of captured free-ranging manatees in Belize. In:
14th Biennial Conference on the Biology of Marine Mammals
Abstracts, Vancouver, BC, Canada, p 29

Bonde RK, Aguirre AA, Powell JA (2002) Capture, handling and
biomedical assessment of free-ranging manatees in Belize.
Florida Marine Mammal Health Conference, University of
Florida, Gainesville, FL

Bonde RK, O’Shea TJ, Beck CA (1983) A manual of procedures
for the salvage and necropsy of carcasses of the West Indian
manatee (Trichechus manatus). National Technical Information
Service, #PB83-255273, Springfield, VA, 175 pp

Bossart GD (1999) The Florida manatee: on the verge of extinc-
tion. Journal of the American Veterinary Medical Association
214:1178–1183

Bossart GD (2001) Manatees. In: CRC Handbook of Marine
Mammal Medicine, 2nd edition. Dierauf LA, Gulland FMD
(editors), Boca Raton, FL: CRC Press, pp 939–960

Bossart GD, Baden DG, Ewing RY, Roberts B, Wight SD (1998)
Brevetoxicosis in manatees (Trichechus manatus latirostris) from
the 1996 epizootic: gross, histologic and immunohistochemical
features. Toxicologic Pathology 26:276–282

Bossart GD, Baden D, Ewing RY, Wright S (2002a) Manatees and
brevetoxicosis. In: Molecular and Cell Biology of Marine Mam-
mals, Pfeiffer C (editor), Malabar, FL: Krieger Publishing Co.,
pp 205–212

Bossart GD, Ewing RY, Lowe M, Sweat M, Decker SJ, Walsh CJ,
et al. (2002b) Viral papillomatosis in Florida manatees
(Trichechus manatus latirostris). Experimental and Molecular
Pathology 72:37–48

Buergelt CD, Bonde RK (1983) Toxoplasmic meningoencephalitis
in a West Indian manatee. Journal of the American Veterinary
Medical Association 183:1294–1296

Buergelt CD, Bonde RK, Beck CA, O’Shea TJ (1984) Pathologic
findings in manatees in Florida, USA. Journal of the American
Veterinary Medical Association 185:1331–1334

Deutsch CJ, Bonde RK, Reid JP (1998) Radio-tracking manatees
from land and space: tag design, implementation, and lessons
learned from long-term study. Marine Technical Society Journal
32:18–29

Duignan PJ, House C, Walsh MT, Campbell T, Bossart GD, Dufly
N, et al. (1995) Morbillivirus infection in manatees. Marine
Mammal Science 11:441–451

Florida Fish and Wildlife Conservation Commission (FFWCC),
Florida Marine Research Institute (2002) Florida Manatee
Information. Available: http://www.floridamarine.org/features
[December 31, 2002]

Forrester DJ (1992) Parasites and Diseases of Wild Mammals in
Florida, Gainesville, FL: University Press of Florida

Garcia-Rodriguez AI (2000) Genetic structure in the West Indian
manatee (Trichechus manatus), PhD Dissertation, University of
Florida, Gainesville, FL, 115 pp

Garcia-Rodriguez AI, Bowen BW, Domning D, Mignucci-Gian-
noni AA, Marmontel M, Montoya-Ospina RA, et al. (1998)
Phylogeography of the West Indian manatee (Trichechus man-
atus): how many populations and how many taxa? Molecular
Ecology 7:1137–1149

Geraci JR, Arnold J, Schmitt BJ, Walsh MT, Wright SD, Bossart
GD, et al. (1999) A serologic survey of manatees in Florida. In:
13th Biennial Conference on the Biology of Marine Mammals,
The Society for Marine Mammalogy, p 66

Langtimm CA, O’Shea TJ, Pradel R, Beck CA (1998) Estimates of
annual survival probabilities for adult Florida manatees
(Trichechus manatus latirostris). Ecology 79:981–997

Marmontel M, Humphrey SR, O’Shea TJ (1997) Population via-
bility analysis of the Florida manatee (Trichechus manatus lati-
rostris), 1976–1991. Conservation Biology 11:467–481

Marsh H, Lefebvre LW (1994) Sirenian status and conservation
efforts. Aquatic Mammals 20:155–170

Mignucci-Giannoni AA, Montoya-Ospina RA, Jimenez-Marrero
NM, Rodriguez-Lopez MA, Williams EH Jr, Bonde RK (2000)
Manatee mortality in Puerto Rico. Environmental Management
25:189–198

O’Shea TJ (1995) Waterborne recreation and the Florida mana-
tee. In: Wildlife and Recreationists: Coexistence through Man-
agement and Research, Knight RL, Gutzwiller KJ (editors),
Washington, DC: Island Press, pp 297–311

O’Shea TJ, Moore JF, Kochman HI (1984) Contaminant con-
centrations in manatees in Florida. Journal of Wildlife Man-
agement 48:741–748

O’Shea TJ, Beck CA, Bonde RK, Kochman HI, Odell DK (1985)
An analysis of manatee Trichechus manatus mortality patterns in
Florida, USA, 1976–81. Journal of Wildlife Management 49:
1–11

O’Shea TJ, Rathbun GB, Bonde RK, Buergelt CD, Odell DK
(1991) An epizootic of Florida manatees associated with a
dinoflagellate bloom. Marine Mammal Science 7:165–179

O’Shea TJ, Lefebvre LW, Beck CA (2001) Florida manatees:
perspectives on populations, pain, and protection. In: CRC
Handbook of Marine Mammal Medicine, Dierauf LA, Gulland
FMD (editors), 2nd editionBoca Raton, FL: CRC Press, pp 31–
43

Powell JA, Bonde RK, Aguirre AA, Koontz C, Gough M, Auil N
(2001) Biology and movements of manatees in Southern La-
goon, Belize. In: 14th Biennial Conference on the Biology of
Marine Mammals Abstracts, p 174

Rathbun GB, Reid JP, Bonde RK, Powell JA (1995) Reproduction
in free-ranging West Indian manatees (Trichechus manatus). In:
Population Biology of the Florida Manatee (Trichechus manatus
latirostris), O’Shea TJ, Ackerman BB, Percival HV (editors),
National Biological Service: Information Technology Report 1,
pp 135–156

Manatees as Sentinels of Ecosystem Health 261



Reddy LM, Dierauf LA, Gulland FMD (2001) Marine mammals
as sentinels of ocean health. In: CRC Handbook of Marine
Mammal Medicine, 2nd edition. Dierauf LA, Gulland FMD
(editors), Boca Raton, FL: CRC Press, pp 3–13

Reeves RR, Leathewood S, Jefferson TA, Curry B, Hennigsen TE
(1996) Amazonian manatees, Trichechus inunguis, in Peru:
distribution, exploitation, and conservation status. Interciencia
21:246–254, 293–296

Reynolds JE III, Odell DK (1991) Manatees and Dugongs, New
York: Facts on Life Inc.

Smethurst D, Nietschmann B (1999) The distribution of manatees
(Trichechus manatus) in the coastal waterways of Tortuguero,
Costa Rica. Biological Conservation 89:267–274

Sorice, MG (2001) A multistakeholder perspective on human
interactions with the West Indian manatee (Trichechus mana-
tus) in Crystal River, Florida, U.S.A. Master’s Thesis, Texas
A&M University, College Station, TX, 155 pp

Timm RM, Albuja VL, Clauson BL (1986) Ecology distribution
harvest and conservation of the Amazonian manatee Trichechus
inunguis in Ecuador. Biotropica 18:150–156

Trainer VI, Baden DG (1999) High affinity binding of red tide
neurotoxins to marine mammal brain. Aquatic Toxicology
46:139–148

U.S. Fish and Wildlife Service (2001) Florida Manatee Recovery
Plan (Trichechus manatus latirostris), 3rd revision, prepared by
the Florida Manatee Recovery Team, 138 pp

Walsh MT, Bossart GD (1999) Manatee medicine. In: Zoo and
Wildlife Medicine, Fowler ME, Miller RE (editors), Philadel-
phia: W.B. Saunders, pp 507–516

Wright IE, Reynolds JE III, Ackerman BB, Ward LJ, Weigle BL,
Szelistowski WA (2002) Trends in manatee (Trichechus manatus
latirostris) counts and habitat use in Tampa Bay, 1987–1994:
implications for conservation. Marine Mammal Science 18:259–
274

262 Robert K. Bonde et al.


