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Because the Sirenia Project, the Florida Marine Re›
search Institute, and the Florida Cooperative Fish and 
Wildlife Research Unit have been involved in much of the 
past and present research about manatee population biol›
ogy, sponsorship of the 1992 workshop by these institu›
tions was appropriate. However, significant progress in 
understanding manatee population biology has also been 
due to the contributions of many other individuals and 
organizations. In addition to findings of federal and state 
agencies, the workshop also included contributions by 
oceanaria, industry, and the academic community. Much 
of the research on manatee population biology presented 
at the workshop was called for in the revised Florida 
Manatee Recovery Plan (*U.S. Fish and Wildlife Service 
1989). 

Objectives ofWorkshop� 
Participants
 

The goals for the 1992 workshop were (1) a synthesis of 
information about manateepopulation biology, (2) an evalu›
ation of the strengths and weaknesses of data sets and 
approaches to manatee-population research, and (3) recom›
mendations for future research. The primary objective for 
the revised Florida Manatee Recovery Plan (*U.S. Fish and 
Wildlife Service 1989) was to change the status of the 
subspecies from endangered to threatened. According to the 
plan, this objective is met when viable, self-sustaining popu›
lations are maintained on Florida’s Gulf and Atlantic coasts. 
The criteria for a change of status encompasses four ele›
ments: the population is growing or stable, mortality factors 
are controlled at acceptable levels or decreasing, habitats are 
secure, and threats to habitats are controlled or decreasing. 
The recovery plan also called for the development of popu›
lation models to assist in assessing progress toward meeting 
the first of these criteria if methodology and data are avail›
able. One of the tasks of the workshop participants was the 
assessment of existing data and research. 

The duration of the workshop was 3 days. On the first 
day, 14 invited papers were delivered to an audience of 
approximately 75 individuals, including members of the 
recovery team, researchers and managers from govern›
ment agencies, members of the academic community, and 
representatives of industry and conservation groups. The 
paper session was followed by a 2-day retreat of group 
meetings and informal evening sessions. The group ses›
sions were devoted to aerial-survey techniques and esti›
mation of population size and growth trend, reproduction, 
age structure, mortality, photo identification, estimation of 
survival, and integration of life-history data and popula›
tion modeling. The groups were limited to a small number 
of researchers in manatee population biology and ex›
perts in statistics and mammalian population dynamics. 

Individuals were assigned to various groups and were 
provided a list of topics for discussion. Each group pro›
vided a written summary and set of recommendations. 
Abstracts of presentations, group reports, and lists of at›
tendees were assembled in an interim report with limited 
distribution (*0’Shea et al. 1992). 

The proceedings contain the peer-reviewed presented 
papers, except the information on reproduction in captive 
manatees (summarized by Odell et al. 1995) and the life›
history information based on field studies of the wild 
population at Blue Spring (O’Shea and Hartley 1995). 
Development of the latter paper was a recommendation of 
the workshop participants. Several papers include results 
through calendar year 1992 or later, but most papers report 
findings through 1991. Most papers benefitted from com›
ments by participants in the 1992 workshop and were 
modified with feedback in response to their verbal presen›
tation. The contribution on population modeling (Eber›
hardt and O’Shea 1995) was completed after results of 
related studies became available in manuscript form. Par›
ticipants in the 1992 working group sessions were: B. B. 
Ackerman, Florida Marine Research Institute; C. A. Beck, 
Sirenia Project; I. E. Beeler, Florida Marine Research 
Institute; R. K. Bonde, Sirenia Project; D. P. DeMaster, 
National Marine Fisheries Service, La Jolla, California; 
L. L. Eberhardt, Battelle Northwest, Kennewick, Wash›
ington; C. W. Fowler, National Marine Fisheries Service, 
Seattle, Washington; R. A. Garrott, University ofWiscon›
sin; T. Gerrodette, National Marine Fisheries Service, 
La Jolla, California; S. R. Humphrey, University of Flor›
ida; H. I. Kochman, Sirenia Project; C. A. Langtimrn, 
Sirenia Project; L. W. Lefebvre, Sirenia Project; M. Mar›
montel, University ofFlorida; H. Marsh, James Cook Uni›
versity, Townsville, Australia; J. D. Nichols, Patuxent 
Wildlife Research Center, Laurel, Maryland; D. K. Odell, 
Sea World of Florida, Orlando; T. J. O’Shea, Sirenia 
Project; K. H. Pollock, North Carolina State University, 
Raleigh; K. M. Portier, University of Florida; G. B. Rath›
bun, National Biological Service, San Simeon, California; 
J. P. Reid, Sirenia Project; J. E. Reynolds, III, Eckerd 
College;St. Petersburg, Florida and U.S. Marine Mammal 
Commission, Washington, D.C.; P. M. Rose, Florida De›
partment of Environmental Protection, Tallahassee; B. L. 
Weigle, Florida Marine Research Institute; and S. D. 
Wright, Florida Marine Research Institute. 

Articles in the current volume provide the most inten›
sive analyses of original data and overview perspectives 
yet available on the topic of the population biology of the 
Florida manatee. Contents are arranged to provide an 
overview of the numerous programs and institutions in 
manatee research and related conservation in Florida to the 
time of the workshop, information about manatee aerial›
survey techniques and estimation of population size and 



4 INFORMATION AND TECHNOLOGY REPORT I 

trend, background information on research approaches 

and current understanding of the population biology of the 
closely related dugong (Dugong dugon, that for years 
provided the best standard and proxy for evaluating 
sirenian population biology), anatomical studies of mana­
tee age-related reproduction, techniques in assembling 
photo-identification records for life-history studies in the 

field, longitudinal field studies of manatee reproduction, 
field studies of survival, analyses of manatee mortality 

databases, and integration of manatee population and life­
history data with a classical approach to population dy­
namics modeling. The volume is concluded with an over­

view, including summaries of recommendations from the 
workshop and a brief synopsis of pertinent work that has 
been published elsewhere since the workshop. 
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Florida Manatee Population Biology:
 
Research Progress, Infrastructure, and Applications for
 

Conservation and Management 

by 

John E. Reynolds, m] 

Marine Mammal Commission 
1825 Connecticut Avenue N. W. 

Washington, D. C. 20009 

Abstract. Twenty-five years ago, a single scientist focused his research on florida manatees 
(Trichechus manatus latirostris). Today, millions of dollars are spent annually on research and 
management of this endangered species. In the meantime, several databases with valuable information 
about manatee population biology, including some particularly valuable long-term databases, were 
created. Cooperation and interaction among various individuals, agencies, and institutions have been 
great strengths of the overall research and the management of manatees in florida. The presentation 
and evaluation of the collectively gathered information about the population biology of manatees in 
this workshop are therefore appropriate. The recovery of the subspecies is not assured; with some 
justification, it has been portrayed in grim terms. I hope that this workshop provides new insights, new 
syntheses, and new directions for research and management and that these, in tum, establish new hope 
for the recovery of florida manatees. 

Key words: Manatee, Trichechus, florida, population biology, recovery plan, trends. 

The first and, to my knowledge, only workshop that 
focused on population biology of manatees in Florida 
was held almost exactly 14 years ago in March 1978 
(2*Brownell and Ralls 1981). The attending individuals 
and represented institutions and agencies at the work­
shop were different from those of today's workshop. In 
fact, fewer than a half dozen individuals appear on both 
rosters, and only two institutions, the U.S. Fish and 
Wildlife Service and Sea World, provided repre­
sentatives to both workshops. 

The players but not the objectives changed with time. 
The objectives, reflected in the revised Florida Manatee 
Recovery Plan (*U.S. Fish and Wildlife Service 1989), 
include assessment of the causes of manatee mortality, 
population size and distribution, habitat-use patterns, 
reproduction, behavior, life history, and application of 
available data to the management of the subspecies. I 
provide a brief historical context for manatee research 

1 Biology and Marine Science Departments, Eckerd College, 4200 54th
 
Avenue South, St. Petersburg, Fla. 33711.
 

2 An asterisk denotes unpublished material.
 

and management, describe the current status of activi­
ties, and speculate about the future. 

History and Organization of 
Manatee Research 

Modem manatee research can be traced to Daniel S. 
Hartman who began to study manatees in the Crystal 
River in the mid-1960's. In 1974, he prophetically stated 
that "the manatee is protected...but its survival is still 
threatened by the propellers of power boats...and habi tat 
alteration. Recommendations for the manatee's conser­
vation include the regulation of boat speeds on strategic 
bodies of water and the establishment of sanctuaries..." 
(*Hartman 1974:239). His insightful observations and 
advice for manatee protection and his descriptions of 
manatee behavior (Hartman 1979) still stand. 

The year 1974 marked the beginnings of multifaceted 
manatee research at the University of Miami and at the 
Gainesville Field Station of the U.S. Fish and Wildlife 
Service, a program that in 1978 was recognized as the 
Sirenia Project. The 1978 workshop mentioned earlier, 
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in fact, helped catalyze the reorganization of the Sirenia 
Project. 

Research by the U.S. Fish and Wildlife Service and 
University of Miami personnel has been on behavior and 
ecology, causes of death, distribution and abundance, 
functional anatomy, food habits, movement patterns, 
acoustics, growth, and recently, age determination. Most 
long-term databases, which are essential for population 
assessment, were begun by scientists ofthe U.S. Fish and 
Wildlife Service and the University of Miami and were 
covered in the 1978 workshop (*Brownell and Ralls 
1981). The state of Florida demonstrated increased in­
volvement in studies of manatees with the passage ofthe 
Florida Manatee Sanctuary Act in 1978. 

By 1984, the Florida Department of Natural Resources 
(now the Florida Department of Environmental Protection) 
began to assume a more active role in manatee management 
and various types of research, including the operation of the 
carcass-salvage network in mid-1985. Note that 1990 
amendments of certain state statutes, including the Florida 
Manatee Sanctuary Act, gave the department more author­
ity, more funding, and more positions, such that the depart­
ment has a larger budget and more people for manatee 
research and management than other agencies or organiza­
tions in manatee conservation. 

Over time, several other players joined the conserva­
tion, research, or education programs on manatees. Many 
organizations and individuals are involved in research, 
management, education, or public awareness efforts on 
manatees in Florida (Tables 1-4). These organizations 
generally work well together. 

Cooperation among the various agencies has been dem­
onstrated in many ways. Recently the development and 
adoption of a revised Florida Manatee Recovery Plan 
(signed by heads or representatives of 13 agencies, conser­
vation organizations, and industry groups) and the mul­
tiagency support of proposed regulations by the Florida 
Department of Natural Resources to the Florida Governor 
and Cabinet have provided good examples of cooperation 
and shared goals (*U.S. Fish and Wildlife Service 1989). 

The history of manatee conservation can be divided into 
three eras. From the late 1960's until 1980, various activities 
got underway, setting the stage for cooperative, focused 
conservation. In 1980, with the direction of the Marine 
Mammal Commission, the first Manatee Recovery Plan was 
adopted and a coordinator was hired (*U.S. Fish and Wild­
life· Service 1980); from that date until 1989, joint studies 
increased in which the state began to participate in 1984. 
Finally, in 1989, the revised Recovery Plan was adopted 
(*U.S. Fish and Wildlife Service 1989); it focused even 
better on specific research or management. The transition to 
each new stage, marked by increased research and manage­
ment, was promoted and guided by the Marine Mammal 

Commission, the agency with oversight of all marine mam­
mal conservation in this country (*Marine Mammal Com­
mission 1980,1981,1991). Since the late 1970's, the com­
mission has been concerned about the status ofmanatees and 
manateemanagement in Florida and, as a result, has devoted 
time and funding to research and recovery of the manatee. 
In fact, the bulk of the commission's 1988 research budget 
was spent on manatees (*Marine Mammal Commission 
1991). In 1980, 1987, and 1992, the commission held its 
annual meeting in Florida to focus on manatee issues. 

All the individual and collective efforts to date advanced 
our knowledge about manatees. In the 1970's, popular and 
technical pUblications may well have given the impression 
that the common name of the animal was not simply "mana­
tee" but "the poorly studied manatee." That situation 
changed. Unanswered questions remain, but important da­
tabases exist. For example, several long-term manatee data­
bases were initiated at least 15 years ago by the Sirenia 
Project, by Daniel Odell at the University of Miami, and by 
the Florida Power and Light Company. They include the 
causes and locations of mortality; distribution and abun­
dance in winter; numbers ofcalves in aggregations in winter; 
reproduction and behavior of distinctly marked manatees; 
and movement patterns and high use at sites on the eastern 
coast ofFlorida, the Crystal River, Blue Spring, Fort Myers, 
and in Tampa Bay. Recent studies provided valuable insight 
into manatee population biology and conservation; papers 
in this volume describe many of the newer databases. For 
this particular workshop on manatee population biology, it 
is important to note the pioneering work of J. M. Packard, 
who compared a variety of survey techniques to determine 
their value in assessing manatee abundance and trends 
(*Packard and Mulholland 1983; Packard et aI. 1986). 

Applications ofManatee
 
Research to Conservation and
 

Management
 

The existing databases and technology facilitate studies 
to determine the following: 

1) the number of manatees that died where, when, and 
how to highlight specific areas and key counties where 
manatee abundance or mortality is highest, 

2) locations of warm-water refugia and other high-use 
areas where protection of manatees is especially im­
portant, 

3) approximate age and reproductive status of manatees, 
4) the number of calves in warm-water refugia in winter, 

and 
5) characteristics of basic life-history events such as re­

productive intervals, age at first reproduction, and sur­
vival. 

•
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Table 1. Summary of research or research-related activities conducted now or in the recent past by the federal 
government and the state of Florida on manatees (Trichechus manatus latirostris; updated from Reynolds and 
Gluckman 1988). 

Agency Topics 

U.S. Fish and Wildlife Service (under 
National Biological Service as of 1993), 
Sirenia Project 

Florida Cooperative Fish and Wildlife 
Research Unit (National Biological Service) 

Florida Department of Natural Resources 
(under Department of Environmental 
Protection as of 1993) 

U.S. Anny Corps of Engineers (Jacksonville, Florida 
District) 

National Aeronautics and Space Administration 

U.S. Marine Mammal Commission 

National Marine Fisheries Service 

National Park Service 

U.S. Navy 

Chassahowitzka National Wildlife Refuge 

Life-history studies
 
Carcass salvage
 
Development and application of telemetry
 
Behavior
 
Ecosystems
 
Aerial surveys
 
Scar catalog
 
Technical assistance
 
Age determination
 

Human recreational activities (Crystal River)
 
Research and management plans (Crystal River)
 
Aerial surveys (Caloosahatchee and Crystal Rivers)
 
Aerial surveyslhuman activities (Northeastern Florida)
 
Radio tracking (Cumberland Sound)
 
Description of habitat types and manatee distribution (Crystal River)
 

Carcass salvage
 
Aerial surveys
 
Geographic information systems
 
Telemetry (central, western Florida)
 
Ecosystem studies (Hobe Sound)
 
Human activities (boat use patterns)
 

Overview of manatee status
 
Aerial surveys (eastern Florida)
 
Telemetry support (eastern Florida)
 

Aerial surveys (Banana River)
 
Ecosystem studies (Banana River)
 

Constituting/convening the Manatee Technical Advisory Council
 
Studies to enhance protection and management of manatees
 
Research and management plans (Crystal River)
 
Food sources and feeding habits (Hobe Sound)
 

Ecosystems studies (Hobe Sound)
 

Aerial surveys (Cumberland Island, Everglades National Park)
 
Telemetry applications (Cumberland Sound)
 

Telemetry applications (Cumberland Sound)
 

Aerial surveys (Citrus County)
 

The databases also provide much additional infonna­

tion. The manatee entered a new era when the tenn "poorly 
studied" was no longer an apt description. 

Good biological data pennit more and better manage­
ment. The U.S. Fish and Wildlife Service continues to use 
the best available data to fonnulate endangered species act 
jeopardy opinions. To date, more opinions (99 between 
1984 and November 1991) were issued for manatees than 
for all other endangered species in this country combined 
(R. Turner, U.S. Fish and Wildlife Service, personal com­
munication). Similarly, the state continues to work with 

local governments to implement local management for the 

adequate protection of the manatee and its habitats. To 

date, plans that regulate boat speeds and boat access in 
areas known to be frequented by manatees were approved 
for six counties by the state; three other plans will probably 
be approved soon. These plans should reduce fatal and 

non-fatal collisions between watercraft and manatees. As 
mandated by Florida's Growth Management Act of 1985, 
local regulations for watercraft will be incorporated into 
management to control the effects of human population 

growth in local areas (*Reynolds and Gluckman 1988). 



9 JOHN E. REYNOLDS, m 

Table 2. Research conducted or sponsored by private organizations or by scientists (updated from Reynolds and 
Gluckman 1988). 

Organization or individual Topic 

Florida Power & Light Company 

Save the Manatee Club
 

Sea World (D. Odell, others)
 

Miami Seaquarium (G. Bossart) 

J. Reynolds (Eckerd College) 

D. Domning (Howard University) 

G. Patton (Mote Marine Laboratory) 

J. Morris (Florida Institute of Technology) 

E. Gerstein (Florida Atlantic University) 

1. and M. Provancha (Bionetics Corp.) 

Aerial surveys 
Scar catalog 
Applications of telemetry 
Water temperatures 

Aerial surveys, support to various other projects including international efforts 

Clinical parameters 
Carcass salvage 
Morphometrics 
Parasites 
Aerial surveys 
Behavior and ecology 

Clinical parameters, immunology 

Carcass salvage 
Aerial surveys 
Functional anatomy 
Behavior and ecology 

Anatomy 
Paleontology and systematics 
Feeding ecology 
Bibliography and index 

Aerial surveys 
Means of detecting manatees 
Acoustics 

Ecology and behavior 
Analysis of vocalizations 
Nutrition 

Acoustics 

Aerial surveys 
Habitat assessment 

Public support is important for the passing of regula­
tions to protect manatees or their habitat. The Save the 
Manatee Club now has more than 30,000 members 
(J. Vallee, Save the Manatee Club, personal communi­
cation) and more than 130,000 special state of Florida 
auto tags depicting a manatee were sold (B. Weigle, 
Florida Marine Research Institute, personal communica­
tion). 

The biological data on manatees increased, efforts to 
conserve manatees have broad support and should re­
duce manatee deaths, public support and interest in 
manatees are widespread, and several agencies and insti­
tutions work hard to protect manatees. Nonetheless, I 
consider that manatee recovery and protection are, in 
fact, in jeopardy for four fundamental reasons: (1) the 
poorly managed human population growth in Florida, (2) 
insufficient funds for acquisition of habitat and enforce­
ment of regulations, (3) the increasing strength and ef­

fecti veness of opposition, and (4) the size of the problem. 
A better understanding of manatee population biology 
would permit a measure of progress in the face of these 
limitations. 

In recent years, the human population of Florida in­
creased by nearly 1,000 new residents a day (Anony­
mous 1987). About 90% of Florida's residents live 
within 16 km of the coast, concentrating impacts of 
human activities on coastal habitats. Human activities 
continue to kill and injure manatees; the number of 
manatee deaths attributable to human factors grows with 
the human population. 

A conference titled Managing Cumulative Effects in 
Florida Wetlands (*Estevez et al. 1986a, 1986b) re­
vealed that in the early 1970' s the average annual loss of 
wetlands was approximately 29,160 ha. The loss of Flor­
ida wetlands continues today at a reduced rate. However, 
cumulative effects of development and other human 
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Table 3. Primary state and federal agencies that manage Florida manatees (Trichechus manatus latirostris) or manatee 
habitat, and examples of duties (Reynolds and Gluckman 1988). 

Agency Duties 

Florida Department of Community 
Affairs 

Florida Department of 
Environmental Regulation 

Florida Department of 
Natural Resources 

Florida Game and Freshwater 
Fish Commission 

Marine Mammal Commission 

U.S. Army Corps of Engineers 

U.S. Fish and Wildlife Service 

Approval of local growth management plans; approval of major developments 
with regional impact. 

Administers permits for dredging and filling of wetlands; designates aquatic preserves 
as Outstanding Florida Waterways 

Develop local management plans for Florida manatees; enforce state laws 
affecting manatees and their habitats; use of state-owned lands; review of permit 
applications, and other regulatory activities that can enhance manatee protection 

Enforcement of boat speed zones and other manatee protection activities on 
inland waterways 

Oversight for all federal agency activities affecting marine mammals 

Federal permits for activities in coastal areas with potential impacts on manatees; 
initiate Section 7 consultations 

Consultations with other federal agencies on activities with potential impacts on manatees 
as required under Section 7 of the Endangered Species Act; federal wildlife law enforce­
ment; review of permit applications under various federal statutes; development and 
updating of Recovery Plan; coordination of a wide array of management activities 

Table 4. Organizations involved in education and awareness programs about Florida manatees (Trichechus manatus 
latirostris) in Florida. A brief statement of efforts to date is included. More complete information about education 
and awareness is in Reynolds and Gluckman (1988). 

Organization Efforts 

Colleges and Universities Classes; public lectures 

Florida Department of Brochures, bumper stickers, posters, public lectures, etc. 
Natural Resources 

Florida Power & Light Company Booklets, bumper stickers, Educator's Guide, films, public workshops 

Marine Mammal Commission Funding support for development of educational materials and for Sirenews; 
distribution of annual reports and other literature 

Marine Zoological Parks Tours, efforts focused on children and teachers, educational displays 

Port Everglades Authority Bumper stickers, brochures, public tours, and lectures 

Save the Manatee Club Newsletter, public service announcements, signs, press releases, in-service programs for 
teachers, brochures 

Tampa Electric Company Manatee viewing platform, lectures, displays 

U.S. Fish and Wildlife Service InterpretivelEducation Center literature distribution 

activities have been devastating. In Tampa Bay, for 
example, Lewis (* 1986) estimated that more than 80% 
of the seagrass community was destroyed by human 
activities. The status of the manatee is not unique but 
symptomatic of the status of all coastal and estuarine 
resources in Florida. Efforts focused entirely on manatee 
protection are doomed to failure if erosion of habitat 
extent and quality is allowed to continue. 

Important solutions to manatees' woes and to 
coastal degradation include the acquisition of habitat 

and subsequent creation of reserves and further develop­
ment and enforcement of regulations to protect habitat 
and manatees. Where true sanctuaries (i.e., no entry 
areas, such as at the Crystal River, the Banana River, and 
the Tampa Electric Company's Apollo Beach plant) 

were created and incorporate adequate resources for 
manatees, manatee use increased profoundly. 

Lack of money is a problem for habitat acquisition 
and enforcement. The state's Conservation and Recrea­

tional Lands Acquisition List includes properties valued 



at more than $900 million, but the program has an annual 
budget of about $50 million (*Reynolds and Gluckman 
1988). These are large sums but perhaps not large enough 
to secure sufficient habitat for Florida wildlife. Funding 
has been insufficient to hire adequate enforcement staff. 
An additional 250 field officers (the number needed in 
1988; *Reynolds and Gluckman 1988) for the Florida 
Marine Patrol would cost more than $11 million a year. 
A state that is currently implementing significant cut­
backs in education and other programs to control its 
budget will probably not make these expenditures. 

Damaging the protection of manatees are reports in 
various media that basically state that humans cause little 
damage to manatees and manatee habitat. Some articles 
simply contain false information. Others take advantage 
of the fact that precise population data on size and trends 
are unavailable. Scientists may be reluctant to speculate 
on insufficient data; many journalists are not so reticent. 
Therefore, the public does not know what to believe. A 
solution is to continue research to provide more defini­
tive population data. 

Some people in Florida are openly antagonistic to­
ward regulations that restrict human activities. The atti­
tude has been publicly expressed: waterways belong to 
humans and, if manatees and other creatures cannot exist 
where people want to boat or ski, that is unfortunate. The 
boating industry, among others, has a strong and effec­
tive lobby in a state with 750,000 registered boats. How­
ever, a survey by scientists (*Parker 1989) at the Florida 
State University revealed that, in reality, most boaters 
support protection of manatees. 

The magnitude of the problem is immense. Almost 
any human activity in any inshore body of water or 
wetland in Florida can and does harm manatees or their 
habitat. Significant progress in regulating human activi­
ties to protect wildlife and habitat in the last 20 years is 
a tribute to those who have worked in this area. Whereas 
some other marine mammal-human interactions may be 
limited to a small number of activities or particular 
locations, human-manatee interactions cover all activi­
ties along Florida's lengthy waterways (*Marine Mam­
mal Commission 1991). People who are unfamiliar with 
Florida may be surprised to learn that Florida and Geor­
gia have more coastline (2,333 km) than California, 
Oregon, and Washington combined (2,080 km; Anony­
mous 1991). 

The current research and management must continue 
and expand. In particular, the valuable long-term data­
bases must be maintained. Enforcement must increase. 
Habitat protection with regulations or acquisition must 
continue. Education must expand. But currently the 
question remains: Will all this be enough? I worry that it 
may not. I also worry that by the time we have enough 
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pieces of the puzzle in place and then evaluate their 
effects in terms of habitat and manatee recovery, years 
will have passed. If our efforts do not work, those years 
of continued high mortality and continued habitat de­
struction may be irreversible. 

This workshop and its proceedings take advantage of 
the degree of interagency cooperation and the existence 
of certain data to attempt to better understand Florida 
manatee population biology. Let us hope that the effort 
results not only in increased scientific insight but also in 
contributions to better management and conservation of 
this endangered species. 
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Abstract. Aerial surveys are used to document the distribution and relative abundance of Florida 
manatees (Trichechus manatus latirostris) and to assess population trends. Recent research included 
aerial surveys by various agencies to determine the distributions of manatees in 10 areas of Florida. 
In most of these studies, twice-monthly flights were made for at least 2 years. Surveys of distributions 
have now been made in all areas of the state that are extensively used by manatees. The resulting data 
have been used for the protection of manatees. Various groups conducted counts of manatees at 
aggregation sites in winter at selected power plants and at the Crystal River and Blue Spring. These 
counts have been used to assess population-size trends. Based on mandates by the state legislature, a 
2-day, synoptic aerial survey was made to obtain a single annual high count by maximizing survey 
effort under optimal conditions. These surveys followed two major cold fronts each winter in 1991 
and 1992. On 17-18 January 1992, a high count of 1,856 manatees was made (907 on the eastern coast, 
949 on the western coast, 8.7% calves). Although not statistical estimates, these counts provide new 
information about the minimum size ofthe population. The higher synoptic-survey counts are notproof 
of an increase of the population through time but are consistent with increases in long-term counts in 
some areas of the state, including aerial counts at the Crystal River, ground counts at Blue Spring, and 
counts of aggregations at power plants adjusted for temperature covariates. Current research on aerial 
surveys is focused on new techniques to improve estimates of popUlation size and trend. 

Key words: Aerial surveys, Florida manatee, synoptic survey, trends, Trichechus manatus latirostris, 
warm-water refuges. 

Aerial surveys to count and map the distribution of drawbacks for obtaining precise population-size esti­
Florida manatees (Trichechus manatus latirostris) have mates (*Eberhardt 1982; Packard et aI. * 1984, 1985; 
been used since 1967 (Hartman 1979). Various methods Lefebvre et al. 1995). Manatees are difficult to detect 
to survey manatees were used by subsequent researchers and, once seen, are often difficult to count accurately 
(*lHartman 1974; Irvine and Campbell 1978; *Rose and (Packard et al. 1985, 1986). Therefore, aerial counts are 
McCutcheon 1980; Irvine 1982; Irvine et aI. 1982; Shane generally assumed to be too low. Lefebvre et al. (1995) 
1983; Kinnaird 1985; *Packard 1985; Reynolds and Wil­ discussed the theory and the problems of aerial surveys 
cox 1985, 1986, 1994; Packard et al. 1986). Aerial sur­ of manatees, particularly for the estimation ofpopulation 
veys are useful and cost-effective for counting manatees sizes and trends. 
and for mapping manatee distribution and seem to be the My objectives were to provide descriptions ofrecent and 
only method with which large numbers of manatees in ongoing aerial surveys of manatee distribution, surveys of 
large areas can be counted. Distribution data have been manatee aggregations in winter, and synoptic surveys. De­
used extensively for the protection and management of scriptions of each of these survey categories include state­
manatees. However, aerial surveys have significant ments of survey objectives, summaries of employed proce­

dures, results, and inherent problems and limitations. I also 

1 An asterisk denotes unpublished material. provided infonnation on population size and trend based on 
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aerial surveys and gave brief descriptions of new research 
to improve survey techniques. 

This paper is largely a summary of all recent informa­
tion on aerial surveys of manatees and interpretation of 
results of these surveys, particularly as they relate to 
estimation of manatee distribution, population size, and 
trend. Considerable resources are expended on this topic 
by several organizations, but many of the results appear in 
technical documents, agency files, or other unpublished 
sources. I examined these sources and tabulated descrip­
tions to provide a comprehensive overview of aerial sur­
vey activities, focusing on work carried out since 1986. 
Studies prior to 1986 were previously reviewed by 
Packard (* 1985), Beeler and 0'Shea (* 1988), and 0'Shea 
(1988). 

Reviews of methodology employed in previous studies 
are included under the heading ofprocedures in descriptions 
of surveys of manatee distribution and surveys of manatee 
aggregations in winter. I present original information, in­
cluding the first published description of the objectives, 
procedures, and results of synoptic surveys. I also analyzed 
data on trends in counts ofmanatees in the Crystal River and 
at Blue Spring with regression techniques. Details on meth­
ods for obtaining and analyzing original information are 
provided in the sections devoted to these topics. 

Recent and Ongoing Aerial
 
Surveys
 

Surveys ofDistribution 

Objectives 

The purpose of surveys ofdistribution (extended-area 
surveys, *Packard 1985) is to document the spatial dis­
tribution and seasonal habitat use of manatees. Although 
these surveys do not give accurate population-size esti­
mates, they provide a minimum estimate of the number 
of animals in an area on a given day. Abundance is 
usually considered to be relative because it is believed 
(or hoped) to include a roughly constant proportion of 
the animals. Surveys over a large area are made repeat­
edly during 1 or more years and provide data on seasonal 
and yearly changes of relative abundance. Data from 
these surveys have been useful for management because 
they reveal areas of high seasonal usage and support the 
protection of manatees (e.g., restrictions on boat speeds 
or conditions for development). 

Procedures 

The following is a summary of procedures by the 
Florida Department of Environmental Protection; the 
procedures are similar to those of other agencies. The 

procedures typicalIy followed protocols established by 
earlier studies such as those by Shane (1983), Kinnaird 
(1985), Provancha and Provancha (1988), and Rathbun 
et al. (1990). Some studies may vary from these guide­
lines, but for each study, procedures are kept as consis­
tent as possible to maximize comparability of counts. 

Most aerial surveys are conducted with a Cessna 172 
or with a similar small, high-winged, 4-seat airplane with 
good downward visibility (Irvine 1982). Small helicopters 
have also been used but are more expensive (Rathbun 
1988). Helicopters are useful for surveys in urban or 
residential areas and in congested airspaces such as near 
major airports. Pilots experienced in low-altitude, slow­
speed, circling flight are used. One or two experienced 
observers are usualIY seated on the right side of the aircraft; 
the door is attached and the window is open. Observers 
wear polarized sunglasses to reduce glare. The primary 
(most experienced) observer has a minimum of 30 hours 
experience in aerial surveys of manatees, has detailed 
knowledge of the survey area, and sits in the right front 
seat. A secondary observer is not required for most survey 
areas but, if used, usualIy sits in the right rear seat. How­
ever, if wide expanses of shallow water are covered, the 
second observer can view from the left rear seat to help 
cover the area more effectively (Irvine 1982; Shane 1983; 
*Packard et al. 1984). A higher proportion of manatees is 
seen with two experienced observers than with one. 

Flights are usualIy at an altitude of 150 m and at an air 
speed of 130 kmlh. When manatees are seen, the airplane 
slows and circles the area clockwise until the observer is 
reasonably sure that an accurate count was made (i.e., until 
repetitive counts become consistent). Manatees may be 
spotted by any observer or by the pilot, but manatees are 
officiaIly counted and mapped only when confirmed by the 
primary observer (*Packard et al. 1984). Counts are more 
consistent when the same observers are used each time. 

Surveys follow a standardized flight path and are de­
signed to cover the most probable manatee habitats in an 
area, as described by Irvine (1982), Shane (1983), Packard 
(*1985), and Rathbun et al. (1990). The route is marked in 
advance on National Oceanic and Atmospheric Admini­
stration 1:40,000 navigation charts or U.S. Geological 
Survey 1:24,000 topographic maps, and observations are 
written on the maps. Since 1992, the Florida Department 
of Environmental Protection has used a portable global 
positioning system unit (Trimble Pathfinder Basic Plus, 
Trimble Navigation, Sunnyvale, California) to accurately 
store information on the position of sightings and the flight 
path. Routes may include coastal areas, major rivers and 
estuaries (usually to depths of 3 m) and their tributaries, 
and freshwater and saltwater canals. Surveys are intensi­
fied over aggregation sites in winter, areas within 500 ill 
of shore, offshore areas (shoals) that are shaIlower than 
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2 m, areas with aquatic vegetation, freshwater sources, and 
areas in which manatees have been sighted historically. 

High-density concentrations of manatees such as those 
at power plants are surveyed intensively (intensive-area 
method; *Packard 1985). Each small area is circled clock­
wise at least twice before the aircraft moves on. This 
technique takes more time but gives a higher probability 
of detecting manatees, including manatees that rest on the 
bottom and must rise for a breath while the aircraft is 
passing over. Surveys in areas of low manatee density are 
less intensive (extended-area method; *Packard 1985). 
Only one pass is made over each area, which reduces the 
probability of seeing all manatees but allows sampling in 
a larger area. 

Wide expanses of shallow water (e.g., Indian River, 
Whitewater Bay) have been covered in a series of transects 
that were 0.8 kIn apart (Odell 1979; Shane 1983). Wide 
expanses of deeper water, such as Tampa Bay, are only 
covered along the shoreline and around spoil islands 
(*Reynolds et al. 1991). This allows coverage of a larger 
area in a given amount of time but decreases the prob­
ability of detecting all the manatees. 

Recent Florida Department of Environmental Protec­
tion surveys were typically conducted twice per month for 
2 or more years. The unpublished protocols are similar to 
those of other agencies (Shane 1983; Provancha and 
Provancha 1988; Rathbun et al. 1990). Data about each 
survey flight are recorded on standardized forms and in­
clude date; start and end time; observer and pilot names; 
and aircraft type, speed, and altitude. Weather and water 
conditions recorded for each segment of the flight include 
wind speed and direction, air temperature, percentage of 
clouds, water clarity (depth to which a manatee can be 
seen), and water-surface conditions. A scale of water-sur­
face conditions was adapted from the Beaufort Scale 
(Woolf 1977:98): (0) smooth like glass; (1) ripples with 
appearance of scales, no foam crests; (2) small wavelets, 
crests of glossy appearance, not breaking, no whitecaps; 
and (3) large wavelets, crests beginning to break, scattered 
whitecaps. Flights are canceled at conditions rated 3 or 
higher. The best visibility below the water surface occurs 
in smooth, clear water in the presence of few clouds and a 
bright sun. Flying conditions are best in the presence of 
little wind and no fog or precipitation. 

Data about each observed group are recorded on maps 
and include the number of adult and calf manatees and their 
locations and behavior. Calves are defined as animals 
closely associated with an adult but less than about half the 
adult's length (Irvine and Campbell 1978; Irvine 1982). 
Behavior categories include resting (motionless manatees), 
traveling (swimming manatees), feeding (recognized by the 
presence ofa manatee in a vegetated area and a nearby plume 
of suspended sediment), and cavorting (group of manatees 

rolling, splashing, or swimming in tight circles). Most mana­
tees are seen close to the flight path but not directly under 
the aircraft. Splashes, surface wakes, mud trails, and mud 
plumes may draw the observer's attention to more distant 
manatees (Irvine 1982). Manatees in aggregations or in clear 
water are easiest to find. In winter, aggregations occur at or 
near warm-water refuges and are often accompanied by 
large amounts of stirred-up mud. Photographs can confirm 
counts ofgroups in clear water but are not ofmuch value for 
large groups in turbid water. 

Results 

More than 30 studies were made between 1984 and 
1993 (Table 1). Studies through 1986 were reviewed by 
Beeler and 0'Shea (* 1988). Surveys have been conducted 
in most areas of the state since that time. In most studies, 
twice-monthly surveys were conducted year-round for 2 
or more years. Results of many studies have not yet been 
published (see Table 1 for unpublished sources). Exam­
ples of long-term or extensive studies follow. 

On the western coast of Florida, the U.S. Fish and Wild­
life Service conducted surveys in Lee County during 1984­
85 (R. K. Frohlich, Florida Department of Environmental 
Protection, unpublished data). Subsequent surveys by the 
department were of manatees in Charlotte, Lee, and Collier 
counties (Florida Department of Environmental Protection, 
unpublished data). The Mote Marine Laboratory conducted 
surveys in Manatee, Sarasota, and Charlotte counties from 
1985 to the present (*Kadel and Patton 1992). Eckerd Col­
lege and the department conducted surveys in Tampa Bay 
from 1987 to 1994 (*Reynolds et al. 1991; Eckerd College 
and Florida Department of Environmental Protection, un­
published data). A series of studies of distribution were 
conducted in northwestern Florida beginning in 1967, cov­
ering aggregation sites in winter and warm-season habitats 
(Charlotte, Dixie, and Levy counties; Powell and Rathbun 
1984; Kochman et al. 1985; Rathbun et al. 1990; Chassa­
howitzka National Wildlife Refuge, unpublished data). 

On the eastern coast of Florida, four teams from differ­
ent agencies conducted simultaneous counts twice­
monthly for 1 year during 1986 in five adjacent counties 
from Volusia to Martin counties (B. L. Weigle, Florida 
Department of Environmental Protection, St. Petersburg, 
Florida, and R. K. Bonde, National Biological Service, 
Gainesville, Florida, unpublished data). These coordi­
nated surveys provided information about seasonal migra­
tions of manatees. Provancha and Provancha (1988, 
*1989) conducted surveys of manatees in the Banana 
River from 1984 to the present, expanding the database 
provided by surveys conducted during 1978-80 by Shane 
(1983). These surveys revealed high use by manatees of 
the Banana River, especially during spring migration. 
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Table 1. Recent aerial surveys of distribution of the Florida manatee (Trichechus manatus latirostris). 

Area Dates Citations 

Eastern coast 

Southeastern Georgia (Camden County, 
Cumberland Sound, warm seasons) 

Southeastern Georgia (Camden. 
Glynn, McIntosh counties) 

Nassau County 
Duval County 

Duval, Clay, St. Johns counties 
(lower St. Johns River) 

Duval County (lower 
St. Johns River) 

St. Johns, Clay, Putnam counties 
(middle St. Johns River) 

Nassau, Duval, St. Johns. Flagler, 
Volusia counties (ICW, coast) 

St. Johns. Flagler, Volusia counties 
(ICW, coast) 

Volusia County (Tomoka River) 

Brevard County 
Brevard County (Banana River. 

warm seasons) 

Interagency cooperative aerial survey 

Volusia County (Halifax River, 
Tomoka River, Mosquito Lagoon) 
Brevard County (northern Indian River, 
Banana River, Banana Creek) 

Brevard County (southern Indian River) 
Indian River, St. Lucie counties 

St. Lucie, Martin counties 

St. Lucie, Martin counties 

Palm Beach County 
Broward, northern Dade counties 

Broward County 
Dade County (Biscayne Bay) 

Dade County (County-wide) 

Western coast 

Citrus, Levy, Dixie counties 
Winter (Crystal River. Homosassa River) 
Summer (coast and rivers) 

Northern Manatee County 

Pinellas. Hillsborough, northern 
Manatee counties 

Southern Manatee, Sarasota, 
northern Charlotte counties 

May 1988-Aug 1989 

Jun 1989-May 1990 

Oct 1986-Oct 1988 
May 1988-Apr 1990 

Ju11982-Jun 1983 

May 1993-May 1994 

Jun 1985-Jun 1986 

Ju11982-Jun 1983 

Mar 199I-Nov 1993 

May 1985-Dec 1985 

Jan 1978-Feb 1980 
Jun 1984-Apr 1986; 
Feb 1987--ongoing 

Dec 1985-Jan 1987 

Jan 1986-Jan 1987
 
Jun 1985-Dec 1987
 

Jan 1986-Jan 1987
 

Aug 199O-Jun 1993
 

Aug 199o-Jun 1993
 
Jan 1988-Mar 1990
 

Nov 1991-Jun 1993
 
Ju11974-Jun 1975
 

Jun 1989--ongoing
 

I967--ongoing 

Apr 1985-Dec 1986
 

Nov 1987-May 1994
 

Jan 1985--ongoing
 

Zoodsma (1991) 

*8Valade (1990) 

Zoodsma (1991) 
City of Jacksonville, Florida, 

unpublished report 
Kinnaird (1985) 

Florida Department of Environmental 
Protection, unpublished data 

*CHzM Hill (1986) 

Kinnaird (1985) 

Florida Department of Environmental 
Protection, unpublished data 

Florida Department of Environmental 
Protection, unpublished data 

U.S. Fish and Wildlife Service, Shane (1983) 
Provancha and Provancha (1988, *1989); 

National Aeronautic and Space 
Administration. unpublished data 

U.S. Fish and Wildlife Service, 
unpublished data 

Brevard County, unpublished data 
Florida Department of Environmental 

Protection, unpUblished data 
U.S. Fish and Wildlife Service, 

unpublished data 
Florida Department of Environmental 

Protection, unpublished data 
Palm Beach County, unpublished data 
Florida Department of Environmental 

Protection, unpublished data 
Broward County. unpublished data 
*Odell (1976) 
Dade County, unpublished data 

Hartman (1979); *Powell (1981); 
Powell and Rathbun (1984); 
Kochman et al. (1985); Rathbun et al. 
(1990); Chassahowitzka National 
Wildlife Refuge, unpublished data 

Florida Department of Environmental 
Protection, unpublished data 

Reynolds et al. (1991); Florida Department 
of Environmental Protection and Eckerd 
College, unpublished data 

Kadel and Patton (1992) 
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Table 1. Continued. 

Area Dates Citations 

Charlotte County 

Lee County 
Core area 
Hendry Creek 
Imperial River 
Deep Lagoon 

Collier County 
North Collier 
Naples area 
Wiggins Pass area 
Marco Island area 
Everglades City 
Ochopee 
Port of the Islands 
Ten Thousand Islands 

(includes Everglades City, Ochopee. 
Port of the Islands) 

Everglades National Park 
Everglades National Park 
Everglades National Park 

Jan 1987-Dec 1988
 

Jan 1984-Dec 1985
 
May 1988-Dec 1988
 
Mar 1987-Feb 1988
 
Jul 1986-Feb 1988
 

Feb 1987-Feb 1988
 
Jan 1986-Jan 1987
 
Feb 1987-Sep 1987
 
Jan 1989-Dec 1990
 
Jan 1986-Jan 1987
 

Mar 1987-Feb 1988
 
Jan 1986-Dec 1990
 
Jan 1991-Nov 1993
 

Sep 1973-1un 1976 
Dec 1979-Sep 1981 
Mar 199O-Mar 1993 

Rorida Department of Environmental 
Protection. unpublished report 

Rorida Department of Environmental 
Protection, unpublished report 

Florida Department ofEnvironmental 
Protection, unpublished report 

Odell (1979)
 
Everglades National Park, unpublished report
 
"'Snow (1992)
 

a An asterisk denotes unpublished material. 

In 1992, 10 surveys of distribution were in progress (3 
by the Florida Department ofEnvironmental Protection, 3 
by other agencies. and 4 jointly by the department and 
other agencies; Table I). The department conducted sur­
veys in 1992 in St. Johns. Flagler, and Volusia counties 
(unpublished data); SI. Lucie and Martin counties (unpub­
lished data); Tampa Bay (*Reynolds et al. 1991; Florida 
Department of Environmental Protection and Eckerd Col­
lege, unpublished data); and the Ten Thousand Islands in 
Collier County (unpublished data). Surveys were con­
ducted in 1992 by the Broward County Office of Planning 
(D. Burgess, unpublished data), Palm Beach County De­
partment of Environmental Resources (D. Carson, unpub­
lished data), and the Everglades National Park (*Snow 
1992), each co-sponsored by the Florida Department of 
Environmental Protection. Surveys were also conducted 
in Dade County by the Dade County Department of Envi­
ronmental Resources Management (S. Markley, unpub­
lished data), in the Crystal River area by the Chassa­
howitzka National Wildlife Refuge (J. Kleen, unpublished 
data), and in the Banana River by the National Aeronautic 
and Space Administration (Provancha and Provancha 
1988, *1989, unpublished data). 

These surveys provided a detailed, up-to-date cover­
age of all counties in the typical range of manatees. An 
extensive database of counts and distribution maps now 
exists for most of the state (Table 1; Fig. 1). These data 
were needed to support intensive manatee protection 

proposed in 1989 to regulate watercraft speeds in 13 
counties in Florida (*Florida Department of Natural Re­
sources 1989). Sighting data from all surveys conducted 
by the Florida Department of Environmental Protection 
and numerous other groups were digitized and entered 
into the department's Marine Resources Geographic In­
formation System (O'Shea and Kochman 1990; Weigle 
and Haddad 1990). Maps were created that display 
manatee sightings from aerial surveys and locations 
where dead manatees were reported, locations of mana­
tees tracked by telemetry, shorelines, aquatic habitats, 
shoreline development, boat ramps, sources of fresh and 
warm water, and water depths. The Marine Resources 
Geographic Information System has been used exten­
sively by the department to develop protection of mana­
tees in concentration areas and to plan watercraft and 
shoreline developments (Weigle and Haddad 1990; 
B. Ackerman and K. Clifton, in preparation). 

Problems and Ilmitations 

Surveys provide valuable data on the seasonal distri­
bution and abundance of manatees and have now been 
conducted in all major areas in the typical range of 
Florida manatees around the state. They also provide 
detailed information on habitat use and have been used 
extensively to define areas that require legal protection. 
However, a major criticism of surveys of distribution is 
that they usually do not provide accurate or statistical 


