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Introduction 
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and 
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U.S. Fish and Wildlife Service 
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Florida Manatees 
The Florida manatee (Trichechus manatus latirostris) 

is a unique element of the U.S. fauna. It is a distinct 
subspecies of the West Indian manatee (Domning and 
Hayek 1986) and one of the largest inshore mammals of 
the continent, reaching weights to 1,650 kg (Rathbun et al. 
1990). Annual migratory circuits of some individuals 
through the intracoastal waterways of the Atlantic Coast 
are 1,700 km round trips at seasonal travel rates as high as 
50 km/day (*3Reid and O'Shea 1989; Reid et al. 1991), 
resulting in one of the longest remaining intact mammalian 
migrations in the eastern United States. Manatees are the 

1 Present address: National Biological Service, Midcontinent Ecological 
Science Center, 4512 McMurry Avenue, Fort Collins, Colo. 80525. 

2 Now with the National Biological Service, same address. 
3 An asterisk denotes unpublished material. 

only living North American representatives of the small 
mammalian Order Sirenia and are therefore the only em- 
bodiment of the unique suite of biological features that 
define the distinctive adaptive syndrome at the ordinal 
level of the taxonomic hierarchy. Features of this adaptive 
syndrome can be directly related to the lifestyle of aquatic 
herbivory (O'Shea and Reep 1990). In manatees, these 
features include unique aspects of morphology (pachyos- 
tosis; horizontal, unilobular lungs and diaphragm; indeter- 
minate numbers of molars undergoing continuous replace- 
ment; dexterous forelimbs and prehensile lips; and a 
hind-gut as long or longer than 30 m), physiology (in 
particular an unusually low metabolic rate and a high 
thermal conductance that lead to energetic stresses in 
winter, ameliorated by migrations and aggregations in 
warm-water refugia), and behavioral ecology (lack of a 
rigid social organization, seasonal migrations, absence of 
strong circadian rhythms). Hartman (1979) and Reynolds 
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and Odell (1991) provided further details on distinctive 
features of manatee biology. Other aspects of this adaptive 
syndrome include life-history traits, such as litter size, age 
at first reproduction, interbirth intervals, and longevity, 
which profoundly dictate the population consequences of 
human intrusion on the manatee's unique lifestyle. 

Human intrusions on manatees in Florida have been 
substantial. Many manatees are accidentally killed by wa- 
tercraft and other anthropogenic causes; traditional migra- 
tions have been preempted or modified by coastal develop- 
ment and industrially heated water (where aggregations of 
hundreds of animals may form and are liable to catastrophic 
losses), and human activities have impinged on habitat 
quality throughout the range of the Florida manatee. Never- 
theless, quantification of these impacts on the population has 
been elusive, and available data frequently lead to enigmas 
about some of the seemingly simplest questions (O'Shea 
1988). How many are there? Is the population decreasing or 
increasing? What are the potential rates of population 
growth? What rates of mortality can manatees sustain with- 
out being driven closer to extinction? How do these compare 
with existing information on population size, observed num- 
bers of dead manatees, and life-history traits? 

These questions have high priorities for research on 
Florida manatees. Manatees are protected under the Florida 
Manatee Sanctuary Act of 1978, the U.S. Endangered Spe- 
cies Act of 1973, and the U.S. Marine Mammal Protection 
Act of 1972 and their amendments (*U.S. Fish and Wildlife 
Service 1989). Federal management is directed to improve 
the population status of Florida manatees so that the subspe- 
cies can be removed from the endangered-species list. The 
U.S. Marine Mammal Protection Act also requires that 
Florida manatees must be maintained at optimum sustain- 
able population levels and that the marine ecosystems of 
which they are a part also remain healthy and stable. Mana- 
tees have become increasingly popular with the public be- 
cause of their biological uniqueness and their ability to exist 
in densely populated areas, where some individuals become 
accustomed to people and provide them with some of the 
most singular, inspiring wildlife encounters of their life- 
times. Some of these animals, however, also bear inhumane 
and gruesome wounds from boat propellers, and images of 
manatees killed by these means are given substantial media 
attention, leading to deepening public concern. 

Information on Manatee 
Population Biology 

Increasing public concern and requirements of legisla- 
tion notwithstanding, the answers that can be provided to 
questions about manatee population biology are only as 
good as the quality of available information. Recognizing 
this need for a new assessment of information about manatee 

population dynamics, the U.S. Fish and Wildlife Service and 
the Florida Department of Natural Resources held a techni- 
cal workshop on manatee population biology at the Austin 
Cary Forest of the University of Florida during 4-6 February 
19924 

This was the first workshop on the topic since a meeting 
in Orlando in 1978 (*Brownell and Rails 1981). At the 1978 
meeting, several recommendations were made for further 
research, and conclusions were drawn about certain aspects 
of manatee population biology, but these conclusions were 
tentative because of the scant amount of then-available data. 
Also in 1978, the U.S. Fish and Wildlife Service organized 
the Sirenia Project at the Gainesville Field Station of the 
National Fish and Wildlife Laboratory.5 One of the major 
objectives for the Sirenia Project was long-term research to 
expand databases on manatee life history, population size, 
and mortality. Subsequently, in the early 1980's, the service 
and the U.S. Marine Mammal Commission (through the 
Florida Cooperative Fish and Wildlife Research Unit) em- 
barked on a series of studies to address other issues in 
manatee population biology, particularly aerial survey, cen- 
sus, estimation of trends, and development of a preliminary 
population model. These studies resulted in a series of 
publications and reports, including those by Eberhardt 
(*1982), Packard and Mulholland (*1983), Packard and 
Nichols (*1983), Packard (*1984, *1985a, *1985b), and 
Packard et al. (1985,1986). However, conclusions of many 
of these studies remained preliminary because of the large 
degree of uncertainty about manatee population attributes. 
Although databases had moved from being scant to modest 
by the mid-1980's, continued long-term research and addi- 
tional experimentation were necessary to improve certainty. 
Population research was significantly augmented in 1985 
when the state of Florida initiated manatee research at what 
is now the Florida Marine Research Institute. This program 
encompasses several areas of study in manatee population 
biology, including aerial surveys, research with telemetry, 
habitat studies, and the statewide recovery of carcasses and 
analyses of mortality data. 

4 In 1993, the research functions of the U.S. Fish and Wildlife Service 
were transferred to the National Biological Service, and the Florida 
Department of Natural Resources was merged with the Florida 
Department of Environmental Regulation to form the Department of 
Environmental Protection. 

5 The National Fish and Wildlife Laboratory of the U.S. Fish and Wildlife 
Service was responsible for all of the service's marine mammal research 
under the Marine Mammal Protection Act and began federal manatee 
research in 1973 prior to formal establishment of the Sirenia Project in 
1978. The Sirenia Project was subsequently administered by the Denver 
Wildlife Research Center of the service after the Denver Wildlife 
Research Center and the National Fish and Wildlife Laboratory were 
merged. The National Ecology Research Center of the service later 
administered the Sirenia Project after the transfer of many other Denver 
Wildlife Research Center programs to the U.S. Department of 
Agriculture. Currently the Sirenia Project is conducted by the 
Southeastern Biological Science Center of the National Biological 
Service. 
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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 of Workshop 
Participants 

The goals for the 1992 workshop were (1) a synthesis of 
information about manatee population 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 of Wiscon- 
sin; T. Gerrodette, National Marine Fisheries Service, 
La Jolla, California; S. R. Humphrey, University of Flor- 
ida; H. I. Kochman, Sirenia Project; C. A. Langtimm, 
Sirenia Project; L. W. Lefebvre, Sirenia Project; M. Mar- 
montel, University of Florida; 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 
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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, HI1 

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 turn, 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 Rails 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. 
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 habitat 
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 of the U.S. Fish and 
Wildlife Service and the University of Miami and were 
covered in the 1978 workshop (*Brownell and Rails 
1981). The state of Florida demonstrated increased in- 
volvement in studies of manatees with the passage of the 
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 of manatees and 
manatee management 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 of calves in aggregations in winter; 
reproduction and behavior of distinctly marked manatees; 
and movement patterns and high use at sites on the eastern 
coast of Florida, 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 al. 1986). 

Applications of Manatee 
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. Army 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 surveys/human 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 (Höbe 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 (Höbe Sound) 

Ecosystems studies (Höbe 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 informa- 
tion. The manatee entered a new era when the term "poorly 
studied" was no longer an apt description. 

Good biological data permit more and better manage- 
ment. The U.S. Fish and Wildlife Service continues to use 
the best available data to formulate 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 otherplans 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). 
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Table 2. Research conducted or sponsored by private organizations or by scientists (updated from Reynolds and 
Gluckman 1988). 

Organization or individual 

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) 

J. and M. Provancha (Bionetics Corp.) 

Topic 

Aerial surveys 
Scar catalog 
Applications of telemetry 
Water temperatures 

Aerial surveys, support to various other projects including international efforts 

Clinical parameters 
Carcass salvage 
Morphome tries 
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- 

fectiveness 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 
habitat, 

agencies that manage Florida manatees (Trichechus manatus latirostris) or manatee 
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 

Florida Department of 
Natural Resources 

Florida Power & Light Company 

Marine Mammal Commission 

Marine Zoological Parks 

Port Everglades Authority 

Save the Manatee Club 

Tampa Electric Company 

U.S. Fish and Wildlife Service 

Classes; public lectures 

Brochures, bumper stickers, posters, public lectures, etc. 

Booklets, bumper stickers, Educator's Guide, films, public workshops 

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

Tours, efforts focused on children and teachers, educational displays 

Bumper stickers, brochures, public tours, and lectures 

Newsletter, public service announcements, signs, press releases, in-service programs for 
teachers, brochures 

Manatee viewing platform, lectures, displays 

Interpretive/Education 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 
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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 

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 of the population. The higher synoptic-survey counts are not proof 
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 al. *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 
(♦'Hartman 1974; Irvine and Campbell 1978; *Rose and (Packard et al. 1985, 1986). Therefore, aerial counts are 
McCutcheon 1980; Irvine 1982; Irvine et al. 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 of population 
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 of recent 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 mentsof survey objectives, summaries of employed proce- 
  dures, results, and inherent problems and limitations. I also 

1 An asterisk denotes unpublished material. provided information 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 O'Shea (*1988), and O'Shea 
(1988). 

Reviews of methodology employed in previous studies 
are included under the heading of procedures 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 of manatees 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 of Distribution 

Objectives 

The purpose of surveys of distribution (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 typically 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 usually 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, usually 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 usually at an altitude of 150 m and at an air 
speed of 130 km/h. 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 
officially 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 m 
of shore, offshore areas (shoals) that are shallower 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 km 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 of a 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 of groups in clear water but are not of much 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 O'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. Fröhlich, 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, Mclntosh 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 

Jul 1982-Jun 1983 

May 1993-May 1994 

Jun 1985-Jun 1986 

Jul 1982-Jun 1983 

Mar 1991-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 1990-Jun 1993 

Aug 1990-Jun 1993 
Jan 1988-Mar 1990 

Nov 1991-Jun 1993 
Jul 1974-Jun 1975 
Jun 1989-ongoing 

1967-ongoing 

Apr 1985-Dec 1986 

Nov 1987-May 1994 

Jan 1985-ongoing 

Zoodsma(1991) 

*aValade (1990) 

Zbodsma (1991) 
City of Jacksonville, Florida, 

unpublished report 
Kinnaird (1985) 

Florida Department of Environmental 
Protection, unpublished data 

*CH2M 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 

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 

Dates 

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-Jun 1976 
Dec 1979-Sep 1981 
Mar 1990-Mar 1993 

Citations 

Florida Department of Environmental 
Protection, unpublished report 

Florida Department of Environmental 
Protection, unpublished report 

Florida Department of Environmental 
Protection, unpublished report 

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

1 An asterisk denotes unpublished material. 

In 1992, 10 surveys of distribution were in progress (3 
by the Florida Department of Environmental Protection, 3 
by other agencies, and 4 jointly by the department and 
other agencies; Table 1). The department conducted sur- 
veys in 1992 in St. Johns, Flagler, and Volusia counties 
(unpublished data); St. 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 Limitations 

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 
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Fig. 1. Counties (shaded) in 
Florida where aerial surveys 
of manatee (Jrichechus ma- 
natus latirostris) distribution 
were conducted. 

>* 

estimates of the number of manatees present (*Eberhardt 
1982; *Packard 1985; Lefebvre et al. 1995). Effort var- 
ies by flight and by area. Visibility biases are probably 
not equal among various habitats. Therefore, surveys of 
distribution do not provide good population-size esti- 
mates, especially where visibility bias is large. 

Surveys by the Florida Department of Environmental 
Protection and others were usually conducted twice 
monthly for 2 years. This provided a sample of the mana- 
tees' seasonal distribution; however, a determination of 
whether this is a sufficient sample has not been possible. 
Twice-monthly surveys for 2 years seem more adequate 
than a smaller sample (less frequent or shorter duration 
surveys) for documenting manatee distribution. This 
schedule at least compensates for short-term weather 
changes between months and between consecutive 
years. But longer-term studies are needed to monitor 
changes in numbers or shifts in habitat use (Provancha 
and Provancha 1988, *1989; Rathbun et al. 1990; 
♦Reynolds et al. 1991; *Kadel and Patton 1992). Lim- 
ited resources require trade-offs between surveys in 

many study areas for a short time each or surveys in few 
areas for longer periods. 

Because of resource limitations, in 1992 the Florida 
Department of Environmental Protection began shifting its 
emphasis from these surveys to the improvement of tech- 
niques. However, this temporary moratorium on new sur- 
veys of distribution by the department is not without costs. 
Long-term monitoring is probably needed to assess 
changes in populations and habitat use. At least, additional 
distribution data are probably needed on a rotating sched- 
ule, perhaps every 5 years, to update data used for the 
protection of manatees. Many existing data are now older 
than 5 years, and additional distribution information may 
soon be required. 

Surveys of Manatee Aggregations in 
Winter 

In winter, Florida manatees are forced to travel to warm 
water because of the low water temperatures in much of 
the state (*Lefebvre and Fröhlich 1986; Reid et al. 1991; 
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Ackerman et al. 1995; Reid et al. 1995). Manatees migrate 
either far to the south (e.g., Dade, Monroe, and Collier 
counties), to a few natural springs (principally the Crystal 
River and Blue Spring), or to industrial warm-water efflu- 
ents (Fig. 2). Aggregations in these areas allow the count- 
ing of large numbers of manatees from the air with rela- 
tively short, concentrated efforts. Some long-term studies 
provided information on trends in the sizes of these aggre- 
gations. Best results should be obtained from a regional 
population that aggregates in one small area where clear 
water allows accurate counting. 

Objectives 

Surveys of manatee aggregations in winter serve to 
determine the changing numbers of the animals at warm- 
water sites. Surveys may also be useful for assessing 
trends in counts. These objectives are primarily useful 
for measuring progress toward long-term recovery goals. 
However, these surveys are also valuable for manage- 
ment, such as defining boundaries of seasonal sanctuar- 
ies to protect manatee aggregations in winter. Intensive 
counts were made at aggregation sites in winter as early 
as 1967 (Hartman 1979). These counts allow the eco- 
nomical counting of a high proportion of all animals in 
a large region. Long-term studies have been made at the 
Crystal River, at Blue Spring, and at power plants on the 
eastern coast and near Fort Myers. These surveys were 

initially used to determine the number of manatees near 
aggregation sites throughout the year but later were 
focused on counts only in winter. 

Procedures 

Surveys of manatees at power plants on the eastern 
and southwestern coasts of Florida have been conducted 
from 1977 to the present (*Rose and McCutcheon 1980; 
♦Raymond 1981; *McGehee 1982; Reynolds and Wil- 
cox 1985, 1986, 1994; »Reynolds 1993, 1994). These 
surveys were a part of larger research to determine the 
year-round distribution and abundance of manatees. Sur- 
veys were funded by the Florida Power and Light Com- 
pany. Surveys took place at six major power-generating 
stations, including five Florida Power and Light Com- 
pany plants and one Orlando Utility Commission plant 
(Fig. 2) and their adjacent waters. Manatees were sur- 
veyed at several other sites, including smaller power 
plants at Fort Pierce and Vero Beach and in the Höbe 
Sound area. Areas within about 8 km of each power plant 
were included in surveys of manatees (*Rose and 
McCutcheon 1980; Reynolds and Wilcox 1994) with 
intensive-area methods (»Packard 1985). Water clarity, 
general visibility, air traffic problems, and attractiveness 
to manatees varied among sites. 

Details of survey timing and methodology were provided 
by Rose and McCutcheon (*1980), »Raymond (1981), 

Spring 

Indian River 

Cape Canaveral 

Vero Beach 
Harbor Branch 
Fort Pierce 
Höbe Sound 

\ Riviera Beach 

Fort Lauderdale 
Port Everglades 

Fig. 2. Warmwater sites in 
Florida that manatees 
(Trichechus manatus lati- 
rostris) frequented in 
winter. Symbols indicate 
natural springs (trian- 
gles) and power plants 
(circles) that were in- 
cluded in surveys by the 
Florida Power and Light 
Company in winter. 
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♦Packard and Mulholland (1983), and Reynolds and Wilcox 
(1985, 1986, 1994). Surveys of manatees at power plants 
were initially 2-day surveys in each week in winter and 
2/month in summer. In 1980, these were reduced to 1-day 
surveys in each week in winter. By 1982 a schedule was 
achieved that consisted of 4-10 flights each year, only after 
winter cold fronts. Except for scheduling, the same survey 
methods have been used since 1977, and the same biologist 
has conducted the surveys since 1982. This is the longest 
series of available counts of manatees on the eastern and 
southwestern coasts of Florida. 

Results 

Following the suggestions of Eberhardt (* 1982), Packard 
and Mulholland (*1983) conducted preliminary statistical 
analyses of the survey counts during 1977-82. They at- 
tempted to adjust or correct the counts at each power plant, 
based on air and water temperatures (*Packard and Mulhol- 
land 1983; *Packard et al. 1984). Their analyses showed 
complex relations between the counts at each plant and air 
and water temperatures and other environmental factors, but 
counts could not be adjusted for these factors. The numbers 
of manatees at each plant increased from fall to winter but 
were highly variable at each plant between consecutive 
flights and among years. Cold fronts caused manatees to 
aggregate at certain plants, resulting in high counts. More 
manatees stayed near the plants on cold days but dispersed 
from the plants on warmer days to feed. More recent studies 
with telemetry revealed that some manatees migrate farther 
southward during the coldest part of the winter, moving 
among southern plants for a few days, then migrating back 
northward in spring (Reid et al. 1991,1995). 

The highest summation of counts of manatees at all 
eastern coast power plants on a single date each winter 
showed an upward trend (linear regression, ^ = 0.39, 
n = 17, P=0.01; Fig. 3). Annual high counts at the Fort My- 

ers plant were too variable to show a trend (r2 = 0.01, n = 17, 
P = 0.78; Fig. 4). However, without correcting for short- 
term and long-term temperature effects on counts, the annual 
high counts did not reveal convincing trends (Figs. 3 and 4). 

Garrott et al. (1995) improved trend information from 
data from the surveys at power plants during 1982-91 by 
developing statistical models that adjust the counts based 
on short-term and long-term air and water temperature 
patterns. The adjusted counts in 1982-91 at the power 
plants on the Atlantic Coast of Florida significantly 
increased when corrected for temperature. This sug- 
gested but did not prove that the actual size of the 
Atlantic Coast manatee population also increased. The 
adjusted counts at the Fort Myers plant did not show a 
significant trend. 

Problems and Limitations 

The percentage of manatees that is in aggregations in 
winter to be counted at any given time and the percentage 
of animals that are actually observed are not known (♦Eber- 
hardt 1982; *Packard 1985; Lefebvre et al. 1995). These 
counts are the only long-term data from the eastern-coast 
and southwestern aggregation sites, and considerable effort 
is justifiable to develop an index to past and future popula- 
tion-size trends from these data (*Packard 1985; Packard 
et al. *1984, 1986, 1989). An increase in knowledge of 
factors that influence these counts is important. Analysis of 
counts with telemetry data on locations and behavior of 
manatees by the area (Reid et al. 1995) and air and water 
temperatures may provide further information for correcting 
for possible biases in these counts. 

Synoptic Survey 

The synoptic survey is designed to obtain statewide 
counts of manatees in all winter habitats at one time. De- 
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Fig. 3. Largest numbers of manatees (Trichechus manatus 
latirostris) in aggregation areas at power plants on the eastern 
coast of Florida, 1977-1994. Data were collected during 
aerial surveys in winter (Reynolds and Wilcox 1994 and 
sources therein). Data from 10 power plants were combined. 
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Fig. 4. Largest numbers of manatees {Trichechus manatus 
latirostris) at the Fort Myers power plant, Lee County, 
southwestern Florida, 1977-1994. Data were collected 
during aerial surveys in winter (Reynolds and Wilcox 1994 
and sources therein). 
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scriptions of the synoptic survey have not been published. 
This procedure combines some features of the intensive 
counts of manatees in aggregations in winter and extended- 
area surveys of manatee distribution. The goal is to obtain 
the highest, presumably most accurate count, which then 
serves as a new baseline to evaluate indexes from other 
surveys. Plans were initially made by the Florida Depart- 
ment of Environmental Protection to conduct a synoptic 
survey in 1989. Surveys were not made until 1991, however, 
because of the lack of weather patterns suitable for synoptic 
surveys in 1989 or 1990. In 1990, the Honda State Legisla- 
ture mandated "an impartial scientific benchmark census of 
the manatee population to be conducted annually" by the 
Florida Department of Environmental Protection (Florida 
Statute §370.12.5a). The subsequent synoptic surveys were 
made to comply with this mandate. 

Procedures 

The term synoptic was used to designate comprehensive 
coverage of a large area at one time. Plans were made to 
cover the entire potential winter range of manatees in Florida 
and in southeastern Georgia in 2 days (Fig. 1). Most routes 
followed those of recent surveys, principally over rivers, 
estuaries, bays, streams, and canals along most of the coast- 
line of peninsular Florida. Most aircraft were Cessna 172's, 
although in a few areas manatees were surveyed from heli- 
copters. Ground-based observers searched Blue Spring and 
two industrial sites in southeastern Georgia where vertical 
visibility was poor. Planes flew at an altitude of 150 m and 
at a speed of 130 km/h. Transects were used to cover some 
wider areas. These methods were flexible and were altered 
in some cases to accommodate local conditions. Routes 
were planned and teams were on standby for 2 months each 
winter. Each count was planned to follow two cold fronts or 
a prolonged cold period in January or February when mana- 
tees were concentrated at warm-water aggregation sites and 
when the winter migration was probably completed. The 
desired weather pattern usually was forecast with only 2-3 
days notice, which made planning difficult. 

Manatees on the eastern coast of Florida were surveyed 
on the first day and on the western coast on the second day. 
Surveys required nearly simultaneous counts by biologists 
from numerous agencies. Whenever possible, manatees in 

adjacent areas were simultaneously surveyed to minimize 
the effects on counts from manatee movements between 
areas. The survey was made on 2 days because of the limited 
number of available biologists and aircraft. Movement of 
manatees between the eastern and western coasts was as- 
sumed to be minimal (O'Shea 1988). Counts of manatees in 
all areas were tallied, and possible duplicate counts were 
eliminated by taking into consideration the manatees' 
mapped positions and the distance the manatees may travel 
in the elapsed time between adjacent surveys. 

Synoptic surveys of manatees were conducted three 
times, twice in 1991 and once in 1992. Following successful 
surveys in 1991, the flight window in 1992 was shortened 
to the period from early January to mid-February, and 
planned coverage was reduced in a few areas. After 1991, 
surveys conducted north of Tampa on the western coast and 
north of Fort Pierce on the Atlantic Coast covered only 
warm-water aggregation sites. This reduced the number of 
teams and the cost. Few manatees were in the omitted areas 
during the two previous surveys. Conditions on the most 
recent survey in 1992 were more conducive to higher counts 
of manatees than during previous synoptic surveys. A sig- 
nificant cold front passed across Florida on 14 January 1992, 
and a second on 16 January. Weather conditions were good; 
several weeks of cool weather were followed by several days 
of steadily decreasing temperatures. The survey was con- 
ducted during 17-18 January; the weather was clear and 
cold and winds diminished in most areas. Counts were made 
on 21 survey routes. Ten aircraft flew simultaneously on the 
first day, nine on the second day. Surveys were not con- 
ducted during the winters of 1992-93 or 1993-94 because 
of weather conditions. 

Results 

Two surveys were completed in 1991 (23-24 January 
and 17-18 February). Counts during the first survey were 
679 manatees on the eastern coast and 589 on the western 
coast or a total of 1,268 manatees (8.6% calves; Table 2). A 
second survey was conducted during 17-18 February 1991. 
Weather had been warm for almost a month, and a strong 
cold front passed on 15 February. A total of 1,465 manatees 
(8.8% calves) was seen, 813 on the eastern coast and 652 on 
the western coast. This was about 20% more than in any 

Table 2. Counts of Florida manatees (Trichechus manatus latirostris) from synoptic aerial surveys on the eastern and 
western coasts of Florida, 1991-1992. 

Eastern Western Total 
Percent 
calves 

Number of 

Date Teams Observers 

23-24 Jan 1991 
17-18 Feb 1991 
17-18 Jan 1992 

679 
813 
907 

589 
652 
949 

1,268 
1,465 
1,856 

8.6 
8.8 
8.7 

27 
27 
21 

32 
32 
28 



22    INFORMATION AND TECHNOLOGY REPORT 1 

previous statewide count (Table 2). During both surveys, 
almost all of the manatees seen in the northern part of the 
state were at warm-water aggregation sites (Table 3). During 
the second survey in the southern part of the state, about half 
were away from warm water (Table 3), particularly in the 
southeast. 

The largest number of Florida manatees ever recorded 
was seen during the synoptic survey during 17-18 January 
1992. A total of 1,856 manatees (8.7% calves) was counted, 
907 on the eastern coast (7.6% calves) and 949 on the 
western coast (9.6% calves; Tables 2-4; Fig. 5). 

Problems and Limitations of the Synoptic 
Survey 

The synoptic surveys provided new information on the 
minimum size of the manatee population in Florida: 1,856 
manatees in January 1992. Until that time, only 1,200 were 
known to exist. The greatest value of the surveys may be as 
a snapshot of the whole state population at once, reducing 
the possibility of movements among areas between adjacent 
count segments. However, these counts seem to be highly 
variable among surveys, depending on weather conditions. 
Weather conditions will never be optimal in all areas at once, 
and counts in some areas may be maximized under opposite 
weather conditions. In several areas, higher counts were 
obtained on dates other than during synoptic surveys. Opti- 
mal conditions are difficult to predict, and the best condi- 
tions in each winter are easily missed. Surveys were not 
conducted during some winters because of inadequate 
weather conditions. The results are not statistical estimates 
of population size and will probably not provide estimates 
of population-size trends. They are more costly than many 
other surveys because of the required large number of 
aircraft and biologists and the large amounts of coordination. 

Population Size and Size Trends 

Trends Based on Surveys of 
Aggregations in Winter 

Crystal River Area 

Aerial surveys of manatees have been conducted in the 
Crystal River region in winter since 1967, except during the 
three winters from 1970-71 to 1972-73. Surveys covered 

the Crystal and Homosassa rivers and surrounding areas 
(Hartman 1979; *Powell 1981; Powell and Rathbun 1984; 
Kochman et al. 1985; Rathbun et al. 1990; Chassahowitzka 
National Wildlife Refuge, unpublished data). These are the 
only aggregation sites in winter in northwestern Florida and 
are characterized by clear water. This area is largely isolated 
in winter from other aggregation sites; however, counts and 
distribution in the Crystal River area markedly change dur- 
ing and between winters. Animals leave on feeding excur- 
sions, and changes in counts can be substantial from week 
to week (Rathbun et al. 1990). 

I used exponential regression to examine maximum aer- 
ial counts in each winter from 1967 to 1994 for trends. 
Maximum aerial counts each winter in the Crystal River area 
were based on data from Hartman (1979), Powell (*1981), 
Powell and Rathbun (1984), Rathbun et al. (1990), and 
unpublished data of the Chassahowitzka National Wildlife 
Refuge. Exponential regression was used because popula- 
tions often change exponentially and because it allows 
simpler expression of the annual percentage change in num- 
bers. The formula for exponential regression is 

bt 
y = axe (l) 

where y is the count, t is the year, and a and b are regression 
coefficients (Eberhardt and Simmons 1992). This is equiva- 
lent to the linear regression form 

\n(y) = ln(a) + bt (2) 

This further gives 
b 

annual percent change = (e   - 1) x 100%. (3) 

Manatee counts in the Crystal River area showed a 
significant upward trend with low variability (Fig. 6; 
+9.7%/year; r2 = 0.93, n = 23,P< 0.001). Maximum 
counts increased from 38 during 1967-68 to 292 during 
1992-93. Similarly, the total number of manatees iden- 
tified during each winter (Hartman 1979; *Powell 1981; 
Powell and Rathbun 1984; Rathbun et al. 1990) in- 
creased through time. 

Moore (1951) described manatee sightings as rare in the 
Crystal River area in the 1940's and earlier. Increasing 
populations were noted by later researchers (Hartman 1979; 
Powell and Rathbun 1984; *Beeler and O'Shea 1988; 
O'Shea 1988; Rathbun et al. 1990). Life-history studies of 
known individuals suggested that most of this increase could 

Table 3. Percentage of Florida manatees (Trichechus manatus latirostris) at warm-water sources during synoptic 
surveys in northern and southern zones of Florida, 1991. 

Date 

23-24 Jan 1991 
17-18 Feb 1991 

Northern zone 

93 
97 

Southern zone 

7 
47 

Statewide 

53 
85 
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Table 4. Synoptic aerial survey of Florida manatees (Trichechus manatus latirostris) in Florida and Georgia, 17 (eastern 
and coast) 18 (western coast) January 1992, unless otherwise noted. 

Location of survey 
Total number 
of manatees 

Number of 
calves 

Eastern coast 
Camden/Glynn counties, Georgia 

Nassau/Duval counties 2 
St. Johns/Flagler/Volusia counties 0 
Volusia County (St. Johns River) 67 

Blue Spring Run 
Brevard County 

OUC plant 122 
Cape Canaveral plant 59 

Indian River County 
Vero Beach plant 23 
Other sites 32 

St. Lucie/Martin counties 
Fort Pierce plant 20 
Other sites 20 

Palm Beach County 
Riviera Beach plant 245 
Other sites 38 

Broward County 
Port Everglades plant 167 
Fort Lauderdale plant 7 
Other sites 5 

Dade County 86 
Monroe County (Florida Keys) 9 

Eastern total 907 

Western coast 

Citrus/Levy counties 260 
Western Tampa Bay 15 
Eastern Tampa Bay 111 
Manatee/Sarasota counties 2 
Sarasota/Charlotte counties 17 
Charlotte/Lee counties 190 
Lee/Collier counties 246 
Monroe County (western Everglades) 77 
Monroe County (eastern Everglades) 29 
Okeechobee Waterway/Lee/Hendry/ 2 

Glades/ Okeechobee/Martin/ 
Palm Beach counties 

Western total 949 

Grand total 1,856 

2 
4 

3 
a 

15 
4 

8 
0 
0 

11 
1 

55 

24 
0 

13 
0 
3 

20 
22 

7 
2 
0 

91 

146 

Comments 

Count from shore at four 
industrial plants 

Five industrial plants and vicinity 
Conducted 18 Jan 
Count made from canoe 

Aerial counts at power plants, 
warm-water sites, known use 
areas, and immediate vicinity 

Survey using helicopter 

Survey using helicopter 

Conducted 17 Jan 
Conducted 17 Jan 

a Calf counts were not obtained at three sites. 

result from reproduction and survival of resident manatees 
(Eberhardt and O'Shea 1995), but some of the increase 
probably also resulted from permanent immigration by 
adults from areas farther south and recruitment of their 
descendants (Powell and Rathbun 1984; O'Shea 1988; 
Rathbun et al. 1990; Rathbun et al. 1995). At the Crystal 

River, food supplies are abundant, unlike at most other 
winter aggregation sites (Hartman 1979; O'Shea 1988), and 
increases in manatee numbers in the region have been 
attributed in part to the introduction of exotic aquatic vege- 
tation in the mid-1960's (Hartman 1979; Powell and Rath- 
bun 1984; O'Shea 1988). 
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Fig. 5. Locations of 1,856 manatees (Trichechus manatus latirostris) seen during the third synoptic aerial survey in Florida and in 
southeastern Georgia, 17-18 January 1992. Each symbol indicates one group. 

69 71 73 75 77 79 81 83 85 87 89 91 93 
Year 

Fig. 6. Trend (exponential regression) in counts of Florida 
manatees {Trichechus manatus latirostris) made during aerial 
surveys at winter aggregation sites in the Crystal River area, 
Citrus County, 1967-1994. Highest count obtained during 
each winter is shown. Data were collected by Hartman (1979), 
Powell (*1981), Powell and Rathbun (1984), Rathbun et al. 
(1990), and the Chassahowitzka National Wildlife Refuge 
(unpublished data). 

Blue Spring 

Counts of manatees at the aggregation site at Blue Spring 
State Park provide the only long-term trend data about 
manatees in the St. Johns River. The spring run is shaded 
by a tree canopy, and aerial surveys are therefore not prac- 
tical. However, the clear water allows accurate counts from 
canoes and shore, and all individuals are identifiable (T. J. 
O'Shea, National Biological Service, Fort Collins, Colo- 
rado, personal communication). Counts have been con- 
ducted almost daily in winter since 1970 except during the 
winters of 1972-73 and 1973-74. Analysis of the total 
number of manatees identified during each winter was based 
on data obtained from Hartman (1979), Powell and Waldron 
(*1981), O'Shea (1988), T. J. O'Shea (National Biological 
Service, Fort Collins, Colorado, personal communication), 
and W. C. Hartley (Florida Park Service, Orange City, 
Florida, personal communication). 
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Fig. 7. Trend (exponential regression) in counts (highest total 
number of animals identified during each winter) of Florida 
manatees (Trichechus manatus latirostris) at the winter 
aggregation site in Blue Spring State Park, Volusia County, 
1970-1994. Highest counts of manatees on a single day each 
winter at Blue Spring are also shown. Data were collected 
during surveys by canoe and snorkeling by Hartman (1979), 
Powell and Waldron (* 1981), O' Shea (1988) and the National 
Biological Service and Florida Park Service (unpublished 
data). 

The number of manatees identified at Blue Spring 
each winter showed an upward trend with low variability 
(+8.2%/year; r2 = 0.94, « = 22, /> < 0.001; Fig. 7), in- 
creasing from 11 during 1970-71 to 88 during 1993-94. 
Similarly, highest single-day counts each year increased 
from 11 during 1970-71 to 81 during 1993-94 
(+8.7%/year; r2 = 0.96, n = 19, P < 0.001). 

Increases in counts at Blue Spring were discussed by 
Beeler and O'Shea (*1988), O'Shea (1988), O'Shea and 
Hartley (1995) and O'Shea and Langtimm (1995). Stud- 
ies of known individuals showed that most of this in- 
crease resulted from reproduction and survival of resi- 
dent animals, but part was also from permanent 
immigration of adults (O'Shea 1988). A maximum of 
about one-third of the increase in counts at Blue Spring 
may be due to immigration and subsequent reproduction 
by the immigrants (T. J. O'Shea, National Biological 
Service, Fort Collins, Colorado, personal communica- 
tion). Forty-two of the 63 manatees identified at Blue 
Spring during the 1990-91 winter season were present 
during the first 3 years of intensive study (winters 1978— 
79 through 1980-81, n = 14 animals) or were descen- 
dants (n = 28) of those animals. The remaining 21 were 
immigrants or their offspring. Therefore, during a 10- 
year period, 67% of the net population growth was from 
internal recruitment (T. J. O'Shea, National Biological 
Service, Fort Collins, Colorado, personal communica- 
tion). This is a minimum estimate because some indi- 
viduals identified as new immigrants could have been 
offspring of long-term residents that returned when older 
but were no longer identifiable as such because of new 

marks. O'Shea and Langtimm (1995) found high adult 
survival at Blue Spring. Eberhardt and O'Shea (1995) 
estimated positive population growth rates at Blue 
Spring based on demographic data and discussed results 
in relation to trends in counts. Manatees at Blue Spring 
have been increasingly protected from direct injury from 
watercraft and from disturbance by boats, swimmers, 
and divers (Hartman 1979; *Powell and Waldron 1981; 
*Beeler and O'Shea 1988; O'Shea 1988). This increased 
protection may have encouraged more manatees to use 
these aggregation sites. 

Tampa Bay 

Weigle et al. (*1988) summarized the highest annual 
aerial counts of manatees obtained in the Tampa Bay area 
from 1979 to 1986, and no counts exceeded 76 manatees. 
Subsequently, counts of manatees during surveys during 
the winters of 1987-94 were as high as 190 (24 January 
1994; *Reynolds et al. 1991; Florida Department of Envi- 
ronmental Protection and Eckerd College, unpublished 
data). However, major changes also occurred in warm- 
water sources in the 1980's (*Weigle et al. 1988). The 
Gardinier Phosphate Plant discharge into the Alafia River 
ceased in 1986, and a small no-entry zone was created at 
the Tampa Electric Company' s Big Bend plant in 1986 and 
expanded to the entire discharge canal in 1989 (*Reynolds 
et al. 1991). These actions probably reduced disturbance 
to manatees from boats and resulted in a shift in manatee 
use from the Alafia River to the Big Bend plant during 
1985-86 (*Weigle et al. 1988). The increasing levels of 
protection may have encouraged manatees to immigrate 
from other wintering areas, although this has not so far 
been detected by studies with telemetry (*Lefebvre and 
Fröhlich 1986; B. L. Weigle, Florida Department of Envi- 
ronmental Protection, St. Petersburg, Florida, unpublished 
data) or scar catalog studies (Beck and Reid 1995; B. L. 
Weigle, Florida Department of Environmental Protection, 
unpublished data). The number of documented manatee 
deaths is low in the Tampa Bay area (O'Shea et al. 1985; 
*Reynolds et al. 1991; Ackerman et al. 1995). Manatee 
sightings were apparently rare in the Tampa Bay area until 
the 1950's (Moore 1951), and numbers seemingly were 
low until the 1970's (Hartman *1974, 1979; Irvine and 
Campbell 1978; Irvine et al. 1982; *Beeler and O'Shea 
1988). 

Counts at Power Plants 

Trends in counts of aggregations in winter at seven 
power plants on the eastern coast and at the Fort Myers 
plant on the western coast were presented above and by 
Garrott et al. (1995). These are the only long-term trend 
data in these areas. Results from Garrott et al. (1995) 
suggested that adjusted counts at the plants on the eastern 
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coast increased but showed no evidence of change at the 
Fort Myers plant on the western coast. Although the num- 
ber of documented deaths in both areas is relatively high 
(O'Shea et al. 1985; Ackerman et al. 1995), models based 
on demographic information suggested that past manatee 
population growth on the eastern coast could have oc- 
curred but, if so, at a low rate (Eberhardt and O'Shea 
1995). 

Trends during Warm Seasons in the 
Banana River 

Intensive surveys of manatees during warm seasons 
have been made in the northern Banana River since 1977 
(Shane 1983; Provancha and Provancha 1988, *1989; 
National Aeronautical and Space Administration, unpub- 
lished data). These are the only long-term counts during 
warm seasons on the eastern coast. Counts were made 
from an airplane during 1977-80 and from a helicopter 
during 1980-81 and from 1984 to the present; similar 
flight routes were used (Provancha and Provancha 1988). 
Aerial counts increased through time; the counts were 
highest in spring each year (Provancha and Provancha 
1988, *1989; National Aeronautical and Space Admini- 
stration, unpublished data). High counts in spring seemed 
to reflect a temporary influx of manatees in transit during 
spring migration (Provancha and Provancha 1988). Recent 
counts in spring were as high as 200-400 manatees. 
Counts in summer (June to August) north of the NASA 
Causeway from 1977 to 1981 did not exceed 30 animals 
(Provancha and Provancha 1988), but recent counts were 
as high as 139 (J. Provancha, National Aeronautical and 
Space Administration, Kennedy Space Center, Florida, 
unpublished data). Provancha and Provancha (1988) sug- 
gested that no other area on the eastern coast offers as 
much protected suitable habitat as the northern Banana 
River. Much of this area is inside the Kennedy Space 
Center and has been closed to boating for many years for 
security reasons. A larger area in the Merritt Island Na- 
tional Wildlife Refuge (north of the Cape Canaveral Barge 
Canal) was closed in 1990 for manatee protection, substan- 
tially decreasing human disturbance. Provancha and 
Provancha (1988) suggested two possible reasons for in- 
creased counts in the northern Banana River: increases in 
manatee population size and shifts in habitat use by mana- 
tees into the northern Banana River because of increased 
development or disturbance outside this sanctuary. 

Problems and Limitations in Long-term 
Survey Data 

Manatee populations in all areas for which long-term 
data exist seem to be increasing (eastern-coast power 
plants, Crystal River, Blue Spring, Tampa Bay, Banana 

River in summer) or appear stable (Fort Myers power 
plant). Although these data are encouraging, they do not 
encompass all areas, and trends may differ in populations 
lacking long-term data. Moreover, interpretations of in- 
creases in counts over time are difficult because of various 
confounding factors (Reynolds and Wilcox 1994; Garrott 
et al. 1995). Although the increasing counts in most areas 
where manatees were surveyed suggested that populations 
increased, alternative explanations exist. Manatees are 
able to locate and use protected areas. Manatees may have 
increased use of these areas and avoided other areas in 
response to improving resources such as availability of 
warm water, protection from human disturbance, and in- 
creasing aquatic plants. Manatees may have become more 
visible to biologists, perhaps because a higher proportion 
uses aggregation sites than in the past or because of im- 
proved visibility or changes in plant operations (Packard 
et al. 1989; Reynolds and Wilcox 1994). In most cases, 
different people conducted surveys, the survey procedures 
evolved, and skills or techniques for surveying aggregated 
manatees in winter may have improved. Each of these 
alternative explanations could also result in the observed 
upward trends of counts in some refugia in the absence of 
an actual increase in the manatee population size. Al- 
though no data support these alternative speculations on 
the apparent increases in counts, conclusions that popula- 
tions actually increased in these parts of the state could be 
erroneous (Reynolds and Wilcox 1994; Eberhardt and 
O'Shea 1995; Garrottet al. 1995). 

Statewide Population-size Estimates 

A population-size estimate of Florida manatees is de- 
sirable as a baseline for estimating trends, modeling popu- 
lations, and assessing the effect of observed mortality. 
Statewide surveys were designed to provide such a base- 
line. However, other than the synoptic surveys, only a 
small number of studies included simultaneous counts of 
manatees throughout the southeastern United States. Hart- 
man (*1974) counted 255 manatees throughout Florida 
and southeastern Georgia in summer 1973; he used one 
plane during six consecutive weeks. A crude correction 
factor was based on water clarity (*Hartman 1974). Hart- 
man concluded from these counts and interviews of the 
public that probably 800 manatees (range 750-850) were 
in Florida and Georgia. Counts in summer have since been 
lower than counts in the same general areas in winter 
(Irvine and Campbell 1978; Rathbun et al. 1990; 
♦Reynolds et al. 1991). Manatees are dispersed widely in 
summer in small groups at low densities in unpredictable 
locations. Visibility is poor in many areas because of 
turbid water and overhanging trees. 

In winter 1976, Irvine and Campbell (1978) 
counted 738 manatees in Florida and Georgia. Nine teams 
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conducted surveys statewide in 6 days after a cold front. 
Manatees in most areas were counted simultaneously in a 
single day. These and other data suggested a population of 
at least 800-1,000 in 1978 (*Brownell et al. 1981). A 
survey was also conducted in August 1976 (Irvine and 
Campbell 1978) and included parts of the Florida panhan- 
dle, Georgia, and the Carolinas; 245 manatees were seen, 
similar to Hartman's (*1974) count in summer 1973. After 
1976, research shifted to other topics because these mass 
efforts were too costly and logistically difficult and did not 
provide data for clear interpretation (»Eberhardt 1982; 
G. B. Rathbun, National Biological Service, San Simeon, 
California, personal communication). 

High counts at power plants in January 1985 and counts 
in other areas of the state led experts to revise the minimum 
statewide estimate to 1,200 in 1985 (O'Shea 1988). How- 
ever, surveys were not made at the same time in all areas, 
and manatees in some important areas had not been 
counted at all in several years. A record single-day count 
of 717 manatees at selected power plants was made under 
favorable counting conditions in January 1986, and a 
higher count of 804 in February 1988 (Reynolds and 
Wilcox 1994). In December 1989, a composite of counts 
in various areas during a short time period revealed 1,240 
manatees (B. B. Ackerman, Florida Department of Envi- 
ronmental Protection, St. Petersburg, Florida, unpublished 
data). As discussed above, the synoptic survey in January 
1992 revealed a count of 1,856. 

Interpretation of the results of these statewide surveys 
is difficult. In 19 years the best minimum estimate in- 
creased from 800 to 1,856, but these data were obtained 
with survey methods that differed in several important 
ways. O'Shea (1988) reviewed statewide manatee popu- 
lation counts through 1985. He found no firm evidence of 
a decrease or increase in manatee populations in spite of 
the increase in the official minimum estimate because the 
methods were without a measure of precision. 

What does the record count of 1,856 in January 1992 
reveal about trends in the statewide manatee population? 
Perhaps not much. Even though the best minimum counts 
increased from 800 in 1973 to 1,000 in 1978, to 1,200 in 
1985, and to 1,856 in 1992, a basis to determine the 
statistical significance does not exist (*Eberhardt 1982; 
O'Shea 1988). Previous surveys were not over as large an 
area, under as good conditions, as comprehensive, or in as 
short a time as the 1992 synoptic survey. 

This higher count does not provide evidence that the 
population is no longer endangered. Rescaling to a new 
baseline does not change the fact that mortality from 
various anthropogenic causes is still increasing and that 
these threats may be greater than the population can with- 
stand (»Brownell et al. 1981; O'Shea 1988; Marmontel 
1993; Ackerman et al. 1995; Eberhardt and O'Shea 1995). 

Accurate assessment of the effects of anthropogenic mor- 
tality on the manatee population is not yet possible. There- 
fore, higher statewide counts provide no reason to relax 
conservation. In the interim, however, methods of state- 
wide surveys must be improved. Goals should be to use 
statistical sampling methods to reduce the required effort 
in a wide-scale survey, provide statistically meaningful 
estimates with confidence limits, correct for counting bi- 
ases, and reduce the total cost (Lefebvre et al. 1995). 

Research to Improve Survey Techniques 

Techniques for estimating population sizes of Florida 
manatees are currently inadequate (*Eberhardt 1982; 
Packard et al. 1985, 1986; O'Shea 1988; *Reynolds and 
Gluckman 1988; *U.S. Fish and Wildlife Service 1989; 
Lefebvre and Kochman 1991; Lefebvre et al. 1995). No 
basis exists to statistically measure trends in population 
size, correct for visibility errors (visibility bias), or assign 
confidence levels to minimum counts (*Eberhardt 1982; 
♦Packard and Mulholland 1983; Packard et al. *1984, 
1986; »Packard 1985; Lefebvre et al. 1995). The number 
of manatees cannot be estimated from a random sample of 
current surveys. The estimated number of manatees in one 
subunit cannot be extrapolated to other subunits. Counts 
are not corrected for visibility bias. The current survey 
procedures probably lead to an underestimation of the 
number of manatees and do not provide estimates of the 
precision of the count (i.e., standard deviation). 

Research to Determine Visibility and Absence 
Bias 

Visibility bias (the proportion of missed animals) is one 
of the largest problems in estimating manatee population 
sizes (Lefebvre et al. 1995). Visibility bias in aerial counts 
of other animals was determined with known or marked 
subpopulations (Eberhardt et al. 1979; Pollock and Ken- 
dall 1987). The proportion of a known number of radio- 
tagged animals observed during counts has also been used 
to estimate bias in various species of large mammals 
(Floyd et al. 1979; Gasaway et al. 1985; Packard et al. 
1985, 1989; Samuel et al. 1987; Ackerman 1988). Other 
researchers used known subpopulations comprising 
groups monitored intensively by another method or from 
the ground (»Hartman 1974; Samuel and Pollock 1981) or 
known numbers of penned animals (Packard et al. 1989; 
Unsworth et al. 1990). Accurate counts are needed to 
obtain correction factors (Eberhardt et al. 1979; »Eber- 
hardt 1982; Pollock and Kendall 1987). Correction factors 
were developed for counts of other species—some terres- 
trial—and were based on group size, behavior, and habitat 
(Eberhardt et al. 1979; Floyd et al. 1979; Samuel and 
Pollock 1981; Gasaway et al. 1985; Samuel et al. 1987; 
Ackerman 1988; Marsh and Sinclair 1989b). 
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Packard et al. (1985) investigated visibility bias in sur- 
veys of manatees in the St. Johns River based on known 
numbers of radio-tagged and unmarked manatees near Blue 
Spring. Many manatees were not seen in these turbid waters; 
an estimated 38-47% were seen. The seen proportion varied 
by river, lake, and creek habitats. The radio tags were often 
not visible from aircraft when the peduncle was submerged. 
Packard et al. (1989) investigated visibility bias in winter 
near Fort Myers with telemetry. Floating transmitters used 
then were not easily seen from aircraft (*Packard 1985; 
Packard et al. 1989). These researchers did not determine 
the environmental variables that correlate with visibility or 
suitable correction factors for current surveys. 

However, as recommended by Lefebvre et al. (1995), 
additional assessment of visibility bias is underway. Pre- 
liminary tests of visibility bias in aerial counts of manatees 
were made by the Florida Department of Environmental 
Protection and collaborators during 1990-92 with radio- 
telemetry and are planned for the future. Analysis of data 
will be made with logistic regression to identify variables 
(covariates) that influence the probability of seeing a given 
group of manatees. Significant variables will be used to 
develop an equation (visibility model) to predict the prob- 
ability of seeing groups under various environmental con- 
ditions. This equation can then be converted to a visibility 
correction factor (Samuel et al. 1987; Ackerman 1988; 
Steinhorst and Samuel 1989) on a group-by-group basis. 
Success of this approach depends on the visibility of the 
tags from the air (*Packard 1985; Pollock and Kendall 
1987). 

A different approach to estimating the number of ani- 
mals missed in surveys is a double-sampling technique 
(Pollock and Kendall 1987; Marsh and Sinclair 1989b; 
Marsh 1995). Paired observers view the same area, and 
each counts and maps seen animals. The number of ani- 
mals seen by each observer is determined, and mark-re- 
capture statistics are used to estimate the number of objects 
missed by both observers. This provides an estimate with 
confidence limits of the total number of objects in the 
surveyed area. When animals are in groups, the number of 
groups is estimated and is multiplied by the average group 
size to provide the total number of present animals (Marsh 
and Sinclair 1989b; Marsh 1995). Correction factors are 
based on seen or missed groups—not individuals—be- 
cause sightings of members in a group are not considered 
independent. Double-observer counts were tested during 
monthly aerial surveys of manatee distributions in Tampa 
Bay during 1989-92 (*Reynolds et al. 1991; B. Acker- 
man, Florida Department of Environmental Protection, St. 
Petersburg, Florida, unpublished data) and will be made in 
the future. 

Telemetry data can also be used to investigate absence 
bias in determining whether manatees are present in the 

survey area as expected (Packard et al. *1984, 1989; 
Marsh and Sinclair 1989b; Lefebvre et al. 1995; Marsh 
1995). For example, locations of radio-tagged animals can 
be used to estimate the proportion of all animals available 
to be counted at power plants on a given day. 

Use of Novel Approaches 

Lefebvre et al. (1995) suggested that standardized sur- 
veys during warm seasons should be tested as supplements 
to counts in winter. Short-term weather patterns probably 
affect the density of manatees less in summer than in 
winter. Therefore, counts during warm seasons with a 
standardized procedure and during a short time period 
should provide more consistent data for determining an- 
nual indices and population-size trends. Strip transects 
have been used for population-size estimates of dugongs 
(Dugong dugong; Marsh and Sinclair 1989a, 1989b; 
Marsh 1995) and other species (Eberhardt et al. 1979; 
Pollock and Kendall 1987; Barlow et al. 1988; Graham 
and Bell 1989). Strip transects were used for counting 
bottlenosed dolphins {Tursiops truncatus) and manatees in 
the Indian and Banana rivers, (Leatherwood 1979), but 
manatee counts were incidental and were not used for 
calculating estimates. Transects are most suitable in large, 
homogenous areas. The Florida Department of Environ- 
mental Protection and the National Biological Service 
recently selected three areas—Charlotte Harbor, Ten 
Thousand Islands, and the Banana River—to test a strip 
transect methodology for counting manatees in warm sea- 
sons. This work was initiated in 1992 and is in progress. 

Ongoing research also includes the use of other novel 
approaches. Recent test flights were conducted to com- 
pare counts from an airship and from an airplane, namely 
a Cessna 172 and the Airship Shamu. The airship is 
provided by Sea World of Florida and has a length of 
58 m and a capacity for two pilots and five passengers. 
The flights were made over three Tampa Bay power 
plants and adjacent areas on 12 December 1990 and on 
22 and 25 January 1992. Additional flights were made in 
1993. The airship was flown along discharge canals and 
transects across adjacent water bodies. Observers looked 
out of large, open windows on either side of the airship. 
Altitudes were usually 150 m but also 20-300 m. 
Ground speed was 0-15 km/h. Because of the stability 
and slow speed of the airship, observers were able to use 
binoculars, long telephoto lenses on still cameras, and 
video cameras. Preliminary flights demonstrated the use- 
fulness of an airship for counting manatees, although 
counts from the two aircraft were similar. Manatees had 
less reaction to the airship than to an airplane. This 
allowed investigators to observe manatees without re- 
peatedly circling in a small plane or disturbing the ani- 
mals with the noise and turbulence from a helicopter. 
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Large airships may not be as effective for surveys of 
manatee distributions because they are not as maneuver- 
able as an airplane. However, comparisons of the two 
aircraft must be made to determine the strengths and 
weaknesses of each kind of aircraft for various tasks. I 
recommend additional testing of airships. Smaller, more 
maneuverable and more affordable airships may soon be 
available for extended observation. 

Other technologies are probably useful for aerial sur- 
veys of manatees. High-resolution aerial video may be 
used to record sightings on long transects for later view- 
ing and counting and simultaneous documentation of 
water conditions (Sidle and Ziewitz 1990). Computer- 
image analysis may be available for detecting and count- 
ing manatees on videotapes and for measuring body 
lengths (Ratnaswamy and Winn 1993) and quantifying 
visibility conditions. Use of global positioning systems 
will improve accuracy of sighting locations and will 
accurately record the flight path to document the exact 
areas covered during flights. Advances in sonar may 
allow accurate detection of manatees in some small areas 
where aerial counting of the manatees is difficult; counts 
on the ground could provide verification of counts from 
aircraft. Sensitive time-depth recorders (Goodyear 1993) 
may be used to document when manatees are at the 
surface and to improve correction factors. Previously 
classified, military remote-sensing technology may 
eventually be used to detect and count marine mammals 
with various platforms (military satellites, high-altitude 
reconnaissance planes, or unoccupied military drones 
with video or real-time artificial intelligence algorithms) 
in large areas. 

Conclusions 

Recommendations for improvements in aerial survey 
methods periodically have been made (*Eberhardt 1982; 
♦Packard 1985; Packard et al. 1986; Lefebvre et al. 
1995). Improvements were made, but progress has been 
slow. Most survey methods are the same as 10-15 years 
ago. Surveys of distribution have been made in almost 
all areas of Florida that manatees use substantially. 
These data are in demand for developing protection of 
manatees, particularly for planning boat traffic regula- 
tions and coastal development. Long-term, regular moni- 
toring of manatees may be necessary to update distribu- 
tion data and to reassess manatee protection needs. 

The January 1992 synoptic survey revealed more 
manatees than had ever been recorded. However, the 
method is not adequate to track statewide trends, and a 
more standardized method is needed. Counts from future 
surveys will probably be as variable as those from the 
three surveys in 1991 and 1992. Estimated population 

sizes based on surveys at aggregation sites in winter 
increased in several areas of the state where long-term 
studies were made, but the trends in population sizes in 
other areas are unclear. Proposed techniques for moni- 
toring trends must include tests of their statistical power 
to detect small changes (Gerrodette 1987; Taylor and 
Gerrodette 1993). 

Improvement of aerial-survey techniques is a high 
priority in manatee-population research. Statistically 
valid techniques are needed. Development of correction 
procedures for visibility bias is continuing. These new 
techniques probably require advanced statistical analy- 
ses, more observers in the aircraft, more intensive survey 
effort, and more funds. Assessment of trends may require 
more replication of surveys within years. 

Recent advances in electronic equipment and comput- 
ers will make the data more usable. Examples include use 
of a global positioning system to more accurately record 
the locations and geographic information system mapping 
techniques and sighting density maps to display the results. 
Small airships may improve surveys. 
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Abstract. Temporal trends in sizes of Florida manatee (Trichechus manatus latirostris) populations 
were assessed with counts from aerial surveys at nine aggregation sites in winter. Manatees that winter 
along the eastern coast of Florida are considered one population; therefore, counts from all survey sites 
in eastern Florida were pooled. Results from counts at Fort Myers in southwestern Florida were treated 
separately. Simple log-linear models were used to identify physical covariates that explained a 
significant amount of variability in the counts adjusted to yearly means. Then the counts were adjusted 
for these covariates and, if present, a test for temporal pattern in the year coefficients was made. 
Covariates included survey conditions, short-term (1- to 3-day) air and water temperatures at each 
survey site, and a series of time-lagged air and water temperature variables. National Oceanic and 
Atmospheric Administration degree-day summations for periods of 5-40 days prior to the survey were 
used. Most temperature variables contributed significantly to the model. Based on the correlation 
coefficient, however, the best general models for counts of manatees in eastern Florida and at Fort 
Myers incorporated a short- and long-term summation of degree-days. Approximately 50% of the 
variation in counts could be explained with this simple model. An analysis of temporal trends in the 
temperature-adjusted counts suggested that population sizes in eastern Florida increased from 1982-83 
to 1990-91, whereas population sizes at Fort Myers remained stable. Interpretation of these results is 
problematic because corroborating evidence that counts at winter aggregation sites are reliable 
indicators of manatee population size does not yet exist. 

Key words: Aerial survey, manatee, power plants, trends, Trichechus manatus latirostris. 

Increases in the number of recovered dead Florida 
manatees {Trichechus manatus latirostris) throughout 
Florida in recent years have been interpreted as evidence 
of increasing mortality rates (Ackerman et al. 1995). Be- 
cause manatees are long-lived mammals with low rates of 
reproduction, any significant increase in mortality may 
lead to a decline in the population (O'Shea 1988). No 
available indices of population-size trends have been 
proven reliable. However, an extensive database has been 
collected by aerial surveys during the past 14 years. Re- 
peated aerial surveys in winter to count aggregations of 
manatees in the warm-water effluents at power plants have 
been conducted since 1977 (* Rose and McCutcheon 
1980, *Raymond 1981; *McGehee 1982; »Reynolds 
1983, 1985, 1991; Reynolds and Wilcox 1985, 1986). 
These data may provide insights into trends in manatee 
numbers in several regions of Florida (Ackerman 1995; 
Lefebvre et al. 1995). However, the variability of the 
counts has been problematic. 

Previous researchers (*Rose and McCutcheon 1980, 
♦Raymond 1981; *McGehee 1982; »Reynolds 1983) re- 
gressed manatee counts at each major site within each year 
against daily air and water temperatures. They clearly 
demonstrated that the highest counts occurred at lowest 
temperatures, but sample sizes in any one year were not 
sufficiently large to indicate more specific patterns. 
Counts did not vary solely in response to single-day tem- 
peratures. Packard and Mulholland (*1983) compiled the 
first 5 years of data (1977-82) and performed extensive 
statistical analyses. Multiple regression was used to sepa- 
rately regress counts from each site against air and water 

1 An asterisk denotes unpublished material. 

temperatures on the survey date and each of the two 
previous days, time of year, and other weather and visibil- 
ity factors. However, regressions on water temperatures 
seemed to differ among years at some sites, and trends in 
maximum counts and mean-adjusted counts seemed to 
substantially differ among sites. These complications were 
thought to be the result of large-scale movements among 
sites within and between years or responses to longer-term 
weather patterns. Subsequently, Reynolds and colleagues 
(♦Reynolds 1983,1985,1991; Reynolds and Wilcox 1985, 
1986) regressed manatee counts at each major site each 
year against 1 - and 3-day mean air and water temperatures. 

Although these studies provided important insights into 
the factors of the variability of the counts, none of the 
studies provided a means of integrating data to develop a 
population index. Our objectives were the identification of 
environmental variables that influenced counts, develop- 
ment of a statistical model to adjust counts for these 
effects, and testing of the adjusted counts for a significant 
temporal trend in the index. These studies were recom- 
mended in the Florida Manatee Recovery Plan (*U.S. Fish 
and Wildlife Service 1989, Tasks 42 and 421) and by 
Eberhardt(*1982). 

Methods 

Aerial Survey Methodology 

Since 1977, 1- to 2-day aerial surveys have been con- 
ducted to count manatees associated with warm-water 
sources during cold weather. These surveys can be segre- 
gated into two fundamentally different periods. During the 
5-year interval from 1977 to 1982, counts were conducted 
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first year-round at regularly scheduled weekly intervals and 
later weekly only in winter. Survey methodology also 
evolved, and several different personnel performed the 
counts (*Rose and McCutcheon 1980; *Raymond 1981; 
♦McGehee 1982). Beginning in winter 1982-83, the sched- 
uling of surveys was changed so that flights were conducted 
only immediately after cold fronts when the highest counts 
were obtained. We began conducting surveys at that time 
and standardized the methodology. The difference in survey 
scheduling and the changes that occurred in personnel and 
methodology during 1977-82 suggested that pooling data 
from all years in a single analysis would be problematic. 
Hence, only survey data from winter 1982-83 through 
winter 1990-91 were used in this analysis. 

Surveys were conducted at four major manatee aggrega- 
tion sites at power plants along the eastern coast of Florida: 
the Orlando Utility Commission's Indian River plant (IR) 
and the Florida Power and Light Company's Cape Ca- 
naveral (CC), Riviera Beach (RV), and Port Everglades (PE) 
plants (Table 1; Fig. 1). Minor aggregations at three eastern- 
coast plants were also surveyed: Vero Beach Municipal 
Plant (VB), H. D. King Municipal Plant at Fort Pierce (FP), 
and the Florida Power and Light Company's Fort Lauder- 
dale plant (FL). Manatees were also counted at the Harbor 
Branch Oceanographic Institute (HB), at the Höbe Sound 
National Wildlife Refuge (HS), and along the Intracoastal 
Waterway (IW) between the plants, although none of these 
had a source of warm water (Fig. 1). These sites are believed 
to include most areas along the eastern coast where manatees 
are known to aggregate during winter. The Indian River and 
Cape Canaveral power plants are only 3 km apart, and 
counts at these two plants were pooled. Surveys were also 

conducted at a single power plant on the southwestern coast 
of Florida, the Florida Power and Light Company's Fort 
Myers (FM) plant, believed to be the only warm-water site 
in the area where manatees aggregate. In winter, manatees 
are more isolated there than at eastern-coast sites. 

Aerial counts were conducted by continuously circling 
manatee groups detected in each area until a maximum count 
was obtained. The primary observer was the same individual 
during all surveys. Each survey area extended about 8 km 
from one of the major plants. Recorded data included the 
total number of observed manatees, the number of calves, 
and a subjective ranking of survey conditions 
(SURVCOND, combining wind conditions, water turbidity, 
and surface conditions) ranging from 1 (excellent) to 5 (very 
poor; Table 2; *Reynolds 1983). A more detailed descrip- 
tion of the survey procedures appears in Reynolds and 
Wilcox (1986), and discussions of survey limitations are 
presented elsewhere (Ackerman 1995; Lefebvre et al. 
1995). 

Because temperature may strongly influence the number 
of manatees counted on surveys, several temperature vari- 
ables were recorded during surveys (Table 2; Hartman 
1979; *Rose and McCutcheon 1980; »Packard and Mulhol- 
land 1983). National Oceanic and Atmospheric Administra- 
tion air temperatures were obtained from sites nearest the 
four major power plants (National Oceanic and Atmos- 
pheric Administration 1982-91). Air temperatures were the 
average of the maximum and minimum temperatures on the 
survey day and average temperature on the survey day and 
on the two previous days. Water temperatures were meas- 
ured at the power-plant intakes and were representative of 
ambient temperatures in the area. The water temperature 

Table 1. Florida manatee (Trichechus manatus latirostris) aggregation sites in winter. 

Site Site 
number identifier Site name City County 

Eastern coast 

1 IR OUCa Indian River plant Titusville Brevard 
2 CC FPL Cape Canaveral plant Titusville Brevard 
3 VB Vero Beach Municipal plant Vero Beach Indian River 
4 FP H. D. King Municipal plant Ft. Pierce St. Lucie 
5 HB Harbor Branch Oceanographic Institute Ft. Pierce St. Lucie 
6 HS Höbe Sound National Wildlife Refuge 

(feeding area) 
Jupiter Martin 

7 RV FPL Riviera Beach plant West Palm Beach Palm Beach 
8 PE FPL Port Everglades plant Ft. Lauderdale Broward 
9 FL FPL Ft. Lauderdale plant Ft. Lauderdale Broward 
10 IW Intracoastal Waterway (Titusville to Ft. Lauderdale) 

Western coast 

11 FM FPL Ft. Myers plant Ft. Myers Lee 

OUC = Orlando Utility Commission. 
' FPL = Florida Power and Light Company. 
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Fort Myers 

Indian River 
Cape Canaveral 

Vera Beach 
Harbor Branch 
Fort Pierce 
Höbe Sound 
Riviera Beach 

Fort Lauderdale 
Port Everglades 

Fig. 1. Aggregation sites of Florida mana- 
tees (Trichechus manatus latirostris) 
where counts were made by aerial sur- 
veys in winters, 1982-1983 to 1990- 
1991. 

,»«*"•' 

Table 2. Definitions of variables. 

Variable name Definition 

ATEMP 
ATEMP3 
NATEMP 
NATEMP3 
SATEMP 
SATEMP3 
COUNT 
DD5,..., DD40 

TOTDD 
DD10 
DD10S 
DX30 
DX30S 
SURVCOND 

NSUVCOND 
SSUVCOND 
WTEMP 
WTEMP3 
NWTEMP 
NWTEMP3 
SWTEMP 
SWTEMP3 
YEAR 

Mean of high and low air temperature ° C at a given site on survey date 
Mean air temperature ° C at a given site, averaged over survey date and 2 previous days 
Same as ATEMP, at northern site (CC) 
Same as ATEMP3, at northern site (CC) 
Same as ATEMP, averaged over two southern sites (RV, PE) 
Same as ATEMP3, averaged over two southern sites (RV, PE) 
Total number of manatees counted at a site on a given date, including adults and calves 
Cumulative heating degree-days ° F. Cumulative degrees that daily mean air 

temperature is below 65° F (18.3° C), summed for 5,..., 40 days previous 
to survey date at each site. Calculated for Titusville and Fort Myers 

Cumulative heating degree-days ° F, summed over entire year 
DD 10 (1-10 previous days) 
DD 10 (1-10 previous days) squared 
DD 11-30 (11-30 previous days; DD30 with DD10 removed) 
DD 11-30 squared (11-30 previous days) 
Subjective evaluation of survey conditions for each major site on day of survey, based on water turbidity, 

surface glare and chop, and wind conditions (1 = excellent or very good, 2 = good, 3 = fair, 4 = poor, 
5 = very poor) 

Same as SURVCOND, at northern site (CC) 
Same as SURVCOND, averaged over two southern sites (RV, PE) 
Intake water temperature ° C, at a given site, on survey date 
Intake water temperature ° C, at a given site, averaged over survey date and 2 previous days 
Same as WTEMP, at northern site (CC) 
Same as WTEMP3, at northern site (CC) 
Same as WTEMP, averaged over two southern sites (RV, PE) 
Same as WTEMP3, averaged over two southern sites (RV, PE) 
Year of survey, 83 indicates November 1982-March 1983 
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indices were the average temperature on the survey day and 
the average temperature on the survey day and on the two 
previous days. Complete air and water temperature variables 
were available only at three of the eastern-coast power plants 
(Cape Canaveral, Riviera Beach, and Port Everglades) and 
the Fort Myers power plant in southwestern Florida. Each 
of the eastern Florida sites is close to a second survey area 
(Indian River plant, Höbe Sound, and Ft. Lauderdale plant). 
Thus, the temperatures generally also reflected conditions at 
nearby sites. 

The air temperature variables provided a measure of the 
severity of the cold fronts that instigated each survey, 
whereas water temperature variables provided a more direct 
measure of the immediate thermal conditions that manatees 
were experiencing. Cumulative heating degree-days were 
calculated with National Oceanic and Atmospheric Admini- 
stration (1982-91) air temperatures (original measurements 
in ° F) at Titusville (near Cape Canaveral) and Fort Myers 
(Table 2). Heating degree-days were used as another meas- 
ure of the winter severity. Heating degree-days are the 
cumulative total of degrees that the daily average air tem- 
perature is below 18.3° C each day and summed over all 
days of the year (primarily occurs October-March). The 
National Oceanic and Atmospheric Administration (1982— 
91) provides degree-days on a monthly and yearly basis as 
an index to the severity of each winter. However, degree-day 
data were recalculated here to create a series of time-lag 
variables that represent temperature conditions on various 
numbers of days prior to each aerial survey. Eight time-lag 
temperature variables were calculated by summing the de- 
gree-days (daily number of degrees below 18.3° C) over the 
5-40 day intervals prior to each survey (5-day increments, 
DD5, DD10,..., and DD40). Occasionally missing National 
Oceanic and Atmospheric Administration temperatures 
were replaced with temperatures from the most appropriate 
nearby weather station. 

General Approach 

A population index is a statistic that correlates with the 
true population level (Lancia et al. 1994). The higher the 
correlation is, the more reliable is the index. Extraneous 
sources of variation may weaken the correlation to the point 
that the index is no longer useful. However, if the causes of 
the extraneous sources of variation are largely known, it may 
be possible to adjust for these causes, and some of the 
reliability of the index may be recovered. Thus, an index that 
poorly correlates with the population level may still be 
useful if a high partial correlation with the true population 
level can be achieved after appropriate adjustment for co- 
variates. 

Adjusting for covariates involves risks. The primary goal 
is to find a model of the index for which the covariates 
explain a large portion of the variability of the index. After 

adjustment for these covariates, the remaining or residual 
variability in the index should be caused by variations in the 
true population level. However, this may not be the case. 
The greater the proportion of variability in the index that is 
due to covariates, the greater are the consequences of model 
misspecification. Undocumented lurking variables also re- 
main a problem. Furthermore, if the covariates also correlate 
with the true population level, adjustment may weaken the 
reliability of the index. Only a comparison with accurate 
population data allows a true test of the reliability of the 
index (Lancia et al. 1994). 

With these cautions in mind, we developed an adjusted 
aerial count index for manatees. We initially pursued a 
descriptive, statistical model of the count data rather than a 
more biological, model-based approach because we wanted 
as simple and assumption-free a model as possible. We used 
a semi-parametric approach, imposing no model structure 
by year; yearly levels were nonparametrically modeled. A 
nonparametric approach ensures that an assumed model 
does not force the appearance of a temporal pattern (e.g., a 
linear trend) that does not exist. We worked primarily with 
the logarithm of counts, which is a natural scale for many 
rate processes such as population growth (Lancia et al. 
1994). 

The proportional-rates model we developed is similar to 
the semi-parametric Cox proportional-hazards model (Cox 
and Oakes 1984). We assumed that, if temperatures and 
survey conditions were always average, the expected num- 
ber of manatees that is counted in any given place (one site 
or several pooled sites) at time t is M(t). We assumed that 
M(t) remains constant during a year (at least during the 
counting period), represented as Mi, where i = year. Mi 
should correlate with the true manatee population level and 
must be assumed. We let C(t, X(t)) be the expected number 
of manatees counted at time t, given conditions X(t), where 
X(t) is a row vector of covariate values at time t. This can be 
modeled as follows: 

C(t, X(t)) = MiR(t, X(t)) 

The function /?(.) is a rate function (range 0 to °°) that takes 
the value 1 when the conditions are at their averages. When 
/?(.) is greater than 1, conditions favored high counts, and 
vice versa. /?(.) must be nonnegative. A convenient form for 
R(t, X(t)) is R(t) = exp(x(t)'B), where x(t) is a row vector of 
the covariates centered at their long-term means and B is a 
row vector of regression parameters. Thus, the model be- 
comes 

C(t, X(t)) = Mi exp(x(t)'B) or 
\nC(t, X(t)) = InM/ + x(t)'B, 

a simple log-linear model. The Mi's are the baseline annual 
population index levels. 

Before attempting to fit a given model to the count data, 
we conducted a variety of exploratory investigations of the 
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covariate data in an attempt to understand the variations in 
these variables and their potential relations to each other and 
to the counts. Because temperature data at the two southern 
power plants (RV, PE) were similar, these data were aver- 
aged into a single southern site temperature variable to 
contrast with the pooled northern site (IR, CC) data. 

The sampling design is such that it seems difficult to 
accurately model the anticipated error structure. The 
timing of counts is erratic and based on subjective factors 
(♦Reynolds 1983). Some surveys were conducted soon 
after others, whereas others were more temporally iso- 
lated. This no doubt results in varying degrees of tempo- 
ral auto-correlation. The fact that the timing of the sur- 
veys was based on the values of covariates that may enter 
into the model is also problematic. Despite these prob- 
lems, we believed that statistical modeling was useful for 
exploring some features of this data set. We tried a wide 
variety of models but report only on those we believe are 
the most valid. We caution that the analysis is purely 
exploratory and that the data are from observations; we 
use hypothesis- testing statistics (P-values) only as rela- 
tive measures of model merit. 

Trends in the population size may be detected by 
treating data from each site separately, adjusting counts 
with site-specific covariates, and looking for trends at 
each site (*Packard and Mulholland 1983). This rela- 
tively rigorous strategy allows modeling different rela- 
tions of populations at each site and provides the most 
detailed use of the data. Data from individually identifi- 
able animals, however, indicate that manatees move 
among the sites in each winter (Reid et al. 1991, 1995). 
Another confounding factor is the possibility that factors 
far from each survey site may influence the number of 
manatees. 

Manatee aggregations on the eastern coast of Florida 
in winter are considered a single population that is rela- 
tively closed to emigration or immigration (Ackerman 
1995). For our analysis, therefore, we had to determine 
whether the count data provided an indication of trend in 
the population size of manatees of the entire eastern coast 
of Florida. During each survey, counts were conducted 
at the major aggregation sites along the eastern coast. 
Counts were conducted immediately after cold fronts 
because it is believed that almost all manatees in the 
population are concentrated at these warm-water refuges 
because of thermal stress. The structure of the surveys 
and the regional dynamics of the population suggested 
modeling the counts with a generalized model that 
summed counts from all sites in each survey. 

The strategy of our analysis was the identification of the 
physical covariates that significantly contributed to the vari- 
ability of the natural logarithm of the total number of mana- 
tees counted at a site on a given date (COUNT in Table 2) 

after adjusting to the yearly means, the adjustment of counts 
for these covariates, and the determination of any temporal 
pattern in the year coefficients. The covariates included the 
1- and 3-day air and water temperatures and survey condi- 
tions from the northern power plants (sites IR and CC; 
NATEMP, NATEMP3, NWTEMP, NWTEMP3, NSU- 
VCOND). The means of the same variables from the two 
major southern power plants (sites RV and PE) were also 
considered (SATEMP, SATEMP3, SWTEMP, 
SWTEMP3, SSUVCOND). In addition, nine time-lag vari- 
ables with degree-days from the northern site summed over 
5- to 40-day intervals (DD5, DD10,..., DD40) and the total 
number of degree-days (TOTDD) in winter were consid- 
ered. Model selection was performed by manually conduct- 
ing a series of forward stepwise regressions to identify the 
best model. The first step was to include the categorical 
variable YEAR for the baseline parameter Mi. In Step 2, we 
constructed models for each of the 19 possible covariates 
and their quadratic terms and performed an F test to deter- 
mine whether a covariate significantly contributed to the 
simple model. The covariate that contributed the most (i.e., 
had the highest correlation coefficient) was added to the 
model. In further steps, we continued to search for the next 
most important physical covariate, only stopping when no 
further covariates could be identified at the P < 0.05 level. 

Results 

Eastern Florida Aggregation Sites 

Count Data 
Each winter, 4-10 surveys were conducted between 

December and early March (Appendix A). Three surveys, 
when counts were not made at all sites (19 January 1983, 
23 January 1989, 11 February 1989), and the first survey 
(14 December 1982), when only a single manatee was ob- 
served at a warm-water aggregation site, were excluded 
from the analysis (Appendix A). Principal aggregation areas 
included the combined IR (Site 1) and CC (Site 2) power 
plants in the northern part of the study area and the RV (Site 
7) and PE (Site 8) plants in southern Florida (Table 1; 
Fig. 1). Counts at these sites were highly variable within and 
among years (Fig. 2). The high variability of the counts was 
also present when counts from each survey at all survey sites 
were pooled (Fig. 3). Seasonal patterns in winter counts 
within years were not obvious. Survey conditions were 
usually recorded only at sites CC, Höbe Sound (Site 6, HS), 
RV, PE, and Fort Lauderdale (Site 9, FL). Survey conditions 
were intermediate during most flights; only 12% of surveys 
in all years were conducted under excellent (1) conditions 
and only 6% under very poor conditions (5; Tables 3 and 4). 
Survey conditions were similar among sites. 
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Fig. 2. Frequency distribution of number of manatees (Trichechus manatus latirostris) counted at survey sites along the eastern coast 
of Florida during aerial surveys in winter 1982-1991. Data are presented in standard box plots. Individual survey counts are 
shown as solid squares; extreme values are plotted as an asterisk or open circle. For each sample, the bottom and top edges of 
the box are located at the sample 25th and 75th percentiles. The center horizontal line is drawn at the sample median. The central 
vertical lines extend from the 5th to the 95th percentile. 
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Fig. 3. Summary statistics on number of manatees {Trichechus 
manatus latirostris) counted at seven aggregation sites along 
the eastern coast of Florida during each winter, 1982-1991. 
Counts at all sites were made on the same day from a fixed- 
wing aircraft; 4-10 surveys were conducted each winter. Data 
are presented in standard box plots (see Fig. 2 caption). 
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Table 3. Survey conditions during aerial counts at seven Florida manatee (Trichechus manatus latirostris) aggregation 
sites along the Florida coast, by site, during winters 1982-1983 to 1990-1991. Survey-condition scores were a 
subjective evaluation of visibility based on water turbidity, surface glare and chop, and wind conditions (*Reynolds 
1983). A score of 1 indicated excellent conditions and a score of 5, very poor conditions. Counts are identified in 
each category and are followed by the percentage of the row total in parentheses. 

Survey conditions 
1 2 3 4 5 

Site Excellent Good Fair Poor Very poor Total 

IR1 2 (20.0) 4 (40.0) 4 (40.0) 10 

CC2 2 (3.4) 13 (22.4) 23 (39.7) 16 (27.6) 4 (6.9) 58 

HS 6 1 (1.8) 17 (29.8) 23 (40.4) 16 (28.1) 57 

RV7 19 (32.8) 19 (32.8) 9(15.5) 3 (5.2) 8 (13.8) 58 

PE8 12 (21.4) 27 (48.2) 7 (12.5) 5 (8.9) 5 (8.9) 56 

FL9 13(24.1) 27 (50.0) 14 (25.9) 54 

FM11 1 (1.7) 6 (10.2) 26(44.1) 24 (40.7) 2 (3.4) 59 

Total 35 (9.9) 97 (27.6) 119(33.8) 82 (23.3) 19 (5.4) 352 

Temperature 

Although we examined 1-day and 3-day air and water 
temperature variables, the patterns and relations of both 
were similar, and we present in detail only the 3-day 
variables (ATEMP3, WTEMP3). Median 3-day water 
temperatures were approximately 5-6° C warmer than 
median air temperatures in the southern and northern 
areas (Fig. 4). Air and water temperatures were cooler at 
the northern site than at the southern site (median air 
temperature 4.4° C cooler, Fig. 5; water 5.8° C cooler, 
Fig. 6). Air temperatures were more variable than water 
temperatures (Fig. 4), and the range of temperatures dur- 
ing each survey in winter was similar in the northern 
and southern areas (Fig. 5). Water temperatures at the 

southern sites usually varied by no more than 2-3° C 
during surveys in winter, whereas water temperatures at 
the northern site usually varied 5-7° C (Fig. 6). 

Manatees seem to be thermally stressed at water tem- 
peratures below 18° C. Hartman (1979) found that mana- 
tees aggregated at the Crystal River and Blue Spring 
warm-water sites when the daily low air temperatures were 
below 10° C; the number of manatees was largest at tem- 
peratures below 0° C. Manatees used the refuges when 
water temperatures outside the refuges were below 16- 
18° C but occasionally left the refuges to feed when out- 
side waters were as cool as 11-13.5° C. Irvine (1983) 
found that manatees must increase their metabolic rates in 
water below 20° C but did not increase metabolism at air 

Table 4. Survey conditions during aerial counts at seven Florida manatee (Trichechus manatus latirostris) aggregation 
sites along the Florida coast in each winter 1982-1983 to 1990-1991. Survey-condition scores were a subjective 
evaluation of visibility based on water turbidity, surface glare and chop, and wind conditions (*Reynolds 1983). A 
score of 1 indicated excellent conditions and a score of 5, very poor conditions. Counts are identified in each category 
and are followed by the percentage of the row total in parentheses. 

Survey conditions 
1 2 3 4 5 

Year Excellent Good Fair Poor Very poor Total 

1982-83 2(5.0) 21 (52.5) 6 (15.0) 10 (25.0) 1 (2.5) 40 
1983-84 4(13.3) 13 (43.3) 12 (40.0) 1 (3.3) 30 
1984-85 6 (10.0) 14 (23.3) 27 (45.0) 11 (18.3) 2 (3.3) 60 
1985-86 7 (14.6) 6(12.5) 21 (43.8) 13 (27.1) 1(2.1) 48 
1986-87 3 (10.0) 9 (30.0) 12 (40.0) 5 (16.7) 1 (3.3) 30 
1987-88 6 (12.5) 15(31.3) 11 (22.9) 16 (33.3) 48 
1988-89 7 (25.9) 3(11.1) 12(44.4) 5 (18.5) 27 

1989-90 9 (22.0) 11 (26.8) 13 (31.7) 8(19.5) 41 

1990-91 7 (25.0) 7 (25.0) 8 (28.6) 6 (21.4) 28 

Total 35 (9.9) 97 (27.6) 119(33.8) 82 (23.3) 19 (5.4) 352 
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Fig. 4. Comparison of 3-day mean air (ATEMP3) and water 

(WTEMP3) temperatures recorded at northern and southern 
survey sites along the eastern coast of Florida, 1982-1991. 
Data are presented in standard box plots (see Fig. 2 caption). 
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Fig. 5. Annual variation in 3-day mean air temperatures 
(ATEMP3) recorded on each survey date at northern and 
southern survey sites along the eastern coast of Florida, 
1982-1991. Data are presented in standard box plots (see 
Fig. 2 caption). 
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Fig. 6. Annual variation in 3-day mean water temperatures 
(WTEMP3) recorded on each survey date at northern and 
southern survey sites along the eastern coast of Florida, 
1982-1991. Data are presented in standard box plots (see Fig. 
2 caption). 

temperatures as low as 10° C. Campbell and Irvine 
(*1981) reported that captive manatees exposed to water 
temperatures below 16-18° C for several days experi- 
enced lethargy and anorexia. 

During cold fronts, water temperatures were usually 
below 18° C at the northern sites but remained consider- 
ably warmer in the southern area. Air temperatures dur- 
ing cold fronts were generally below this reference point 
in the northern and southern areas. Southern areas are 
warmed by their proximity to the Florida Current. No 
trends in air temperatures were apparent at the northern 
or southern sites during the 9-year survey (Fig. 5); water 
temperatures at the southern sites were also without 
trends (Fig. 6). However, 3-day water temperatures at 
the northern site suggested a general increase in tempera- 
ture during 1984-85 and 1990-91 (Fig. 6). 

The cumulative total number of heating degree-days in 
winter (TOTDD in Table 2) recorded at Titusville during 
1982-83 through 1986-87 were near the 30-year mean of 
712 (Table 5). Departures from the 30-year mean were 
notable during several winters. Winter 1987-88 was ab- 
normally severe, and winters 1988-89 and 1990-91 were 
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Table 5. Number of heating degree-days at Titusville and Fort Myers, Florida, during winters 1982-1983 to 1990-1991 
(National Oceanic and Atmospheric Administration 1982-1991). 

Year December 

Titusville 

1982-83 110 
1983-84 184 
1984-85 98 
1985-86 252 
1986-87 49 
1987-88 173 
1988-89 130 
1989-90 302 
1990-91 75 
9-year mean 153 
30-year mean (NOAA 1991) 

Fort Myers 

1982-83 61 
1983-84 101 
1984-85 38 
1985-86 128 
1986-87 22 
1987-88 65 
1988-89 70 
1989-90 178 
1990-91 57 
30-year mean (NOAA 1991) 107 

January February Total3 

260 
301 
401 
232 
276 
314 
22 
118 
93 
224 

133 
141 
177 
91 
116 
129 
9 

33 
24 
150 

170 699 
200 869 
176 767 
112 768 
136 540 
304 983 
116 318 
57 541 
78 314 

150 644 
712 

87 347 
79 384 
77 316 
38 329 
43 198 

105 353 
73 180 

9 229 
44 146 

120 441 

a Total degree-days represents the entire year (July-June), although almost all degree-days are accumulated from November to March. 

unusually mild (Table 5). The number of heating degree- 
days also increased through time similar to the northern 
water temperature variable. 

Model Development and Trend Analysis 

Year as a categorical variable contributed signifi- 
cantly (P = 0.036) to the model, accounting for 29% of 
the variation in the ln(COUNT) and identifying signifi- 
cant differences in counts among years (Table 6). In Step 
2, the correlation coefficients suggested that nearly all 
temperature variables explained a significant amount of 
the remaining variation. DD10, the summation of de- 
gree-days of the 10-day period just prior to the survey, 
was the temperature variable that explained the largest 
proportion of the variation and was added to the model 
(Table 6). For Step 3, we subtracted the DD10 value 
from the remaining degree-day variables to exclude the 
information that was incorporated into the model at 
Step 2. The next iteration identified DX30, the new vari- 
able summing degree-days for the 20-day period from 11 
to 30 days prior to the survey, as the largest remaining 
contributor to the correlation coefficient. Although the F 
test indicated that DX30 contributed significantly to the 
model {P < 0.001), it only accounted for an additional 
13% of the variation in the ln(COUNT), raising the 
question whether this covariate should be added to the 

model (Table 6). A plot of DX30 against the DD10 
variable already incorporated into the model, however, 
showed little correlation between the two variables 
(Fig. 7a). In addition, a plot of DX30 against the residu- 
als from the Step 2 model suggested a general correlation 
(Fig. 7b). Therefore, we chose to add DX30 as a second 
temperature covariate to the model. No other variables 
contributed significantly to the model, thus our best 
model was 

E[ln(COUNT)} = ßo + ßl (YEAR) + ß2 (DD10)        (1) 
+ ß3 (DD10)2 + ß4 (DX30) + ß5 (DX30)2 

This model required estimating 13 parameters (year as 
categorical variable required eight parameters; Table 7) and 
accounted for 78% of the variation in the ln(COUNT) data 
(Table 6). Residual plots for this model indicated a relatively 
good fit to the data. 

Plots of the unadjusted and adjusted counts on logarith- 
mic and natural scales against year, adjusted for the tempera- 
ture covariates, suggested an increasing trend in the data 
(Figs. 8 and 9). The model had the most significant effect on 
counts that were conducted under abnormally warm condi- 
tions (Fig. 10). Polynomial contrasts indicated that most of 
the between-year variation could be explained by a linear 
trend (P < 0.001) and that a quadratic trend was not signifi- 
cant (P = 0.498). 
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Table 6. Forward step-wise regressions to select covariates to be included into a log-linear model of total counts of Florida 
manatees (Trichechus manatus latirostris) along the eastern coast of Florida during winters 1982-1983 to 1990-1991. Year 
was treated as a categorical variable, and linear and quadratic terms were included when testing each of the other 19 possible 
covariates. Underlined values are variables that were entered into the model at each step. 

Covariate 
Correlation coefficient (R ) 

Stepl Step 2 Step 3 

YEAR (categorical) 
NATEMP 
NATEMP3 
NWTEMP 
NWTEMP3 
NSUVCOND 
SATEMP 
SATEMP3 
SWTEMP 
SWTEMP3 
SSUVCOND 
DD5 
DD10 
DD15 
DD20 
DD25 
DD30 
DD35 
DD40 
TOTDD 
F value 
df 
P 
R2 

0.291 

2.31 
8,45 
0.036 
0.29 

0.433 
0.456 
0.475 
0.332 
0.313 
0.475 
0.536 
0.432 
0.433 
0.351 
0.503 
0.651 
0.577 
0.493 
0.517 
0.532 
0.508 
0.482 
0.369 

22.11 
2,43 
<0.001 

0.65 

0.671 
0.662 
0.672 
0.663 
0.658 
0.701 
0.696 
0.696 
0.663 
0.729 

0.660 
0.706 
0.762 
0.782 
0.741 
0.723 
0.699 

12.43 
2,41 
<0.001 

0.782 
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Fig. 7. Plots of manatee (Trichechus manatus latirostris) counts 
pooled at all sites along the eastern coast of Florida, 1982— 
1991, showing the relation between (a) DX30, the summation 
of degree-days during the 20-day period from 10 to 30 days 
prior to the survey, and DD10, the summation of degree-days 
from 1 to 10 days prior to the survey, and (b) the residuals 
from a simple log-linear model (Step 2, Table 6) and DD10, 
incorporated into the model as a covariate. 
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Table 7. Comparison of best models fit to counts of Honda 
manatees (Trichechus manatus latirostris) at aggregation 
sites on the eastern coast of Florida and at Fort Myers. 
Values of year and temperature coefficients in scientific 
notation. 

a. 1500 

Coefficient value 
Independent variable Eastern coast Fort Myers 

Constant 3.18 2.81 

1982-83 -5.84 x 10"1 -7.71 x 10"' 
1983-84 -7.75 x 10"' -1.68x10"' 

1984-85 -3.13 xlO"' 3.55 x 10""' 

1985-86 -1.00 xlO"2 3.32 x 10"' 

1986-87 -6.00 xlO"3 1.33 x 10"' 

1987-88 -1.16x10"' -1.55 x 10"' 

1988-89 6.44 x 10"' -1.40x10"' 

1989-90 1.97x10"' 2.71 x 10"' 

1990-91 9.63 x 10"' 1.43 x 10"' 

DD10 2.65 x 10"2 5.18 xlO"2 

DD10S -8.40 xlO"5 —4.30 x 10"4 

DX30 1.22 xlO"2 1.72 xlO"2 

DX30S -3.68 x 10"5 -1.04 xlO"4 

K2 0.78 0.68 

a. 7.5 

1 # £ *& « 
<&>' & <& <§> 

Year 

Fig. 8. Comparison of ln(COUNT) of numbers of manatees 
(Trichechus manatus latirostris) seen during aerial surveys in 
winter 1982-1991, (a) before and (b) after adjustment for 
temperature covariates. Data from all sites along the eastern 
coast of Florida were pooled. Note the large adjustments of 
counts during 1988-1989 and 1990-1991. 
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Year 
Fig. 9. Comparison of counts of manatees (Trichechus manatus 

latirostris) during aerial surveys in winter 1982-1991, (a) 
before and (b) after adjustment for temperature covariates. 
Data from all sites along the eastern coast of Florida were 
pooled. Note the large adjustments of counts during 
1988-1989 and 1990-1991. 

Given these results, we developed a more parsimonious 
model by treating year as a continuous variable and manu- 
ally performing a backwards stepwise regression to identify 
parameters that could be dropped from the model. Our final 
model, therefore, was 

E{ln(COUNT)} = ßo + ß/CYEAR) + ß2(DD70) (2) 
+ ß5(DX50) + ß4(DX50)2. 

This model required the estimation of five parameters 
(year as continuous variable requires only one parame- 
ter) and had an R2 of 0.678, which is only slightly lower 
than the best model that required the estimation of 13 
parameters. Again, residual plots indicated that the 
model fit the data relatively well. Because the estimates 
are on a logarithmic scale, the linear trend translated to 
an increasing exponential (geometric) trend on the origi- 
nal scale, providing no evidence that the manatee popu- 
lation in eastern Florida is decreasing. 

Fort Myers Aggregation Site 

Numbers of Manatees and Temperature 

Because manatees at the Fort Myers site were counted 
during the same flights as those on the eastern coast, the 
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Fig. 10. Comparison of In(COUNT) of numbers of manatees 
(Trichechus manatus latirostris) seen during aerial surveys 
before and after adjustment for temperature covariates. Data 
from all sites along the eastern coast of Florida during 
1982-1991 were pooled. Circles connected by solid lines 
represent the observed counts, and triangles connected by 
dotted lines represent the counts adjusted for the temperature 
covariates. 

number and timing of surveys were identical (Appendix 
B). A total of 58 counts was obtained between winters 
1982-83 and 1990-91; however, we excluded data from 
the 14 December 1982 survey because, like during the 
surveys in eastern Florida, few animals were seen. The 
general characteristics of the counts were also similar to 
those obtained on the eastern coast of Florida, and vari- 
ation within and among years was considerable 
(Figs. 11-14). 

The extreme outlier in these data was observed on 
19 January 1985 when 338 manatees were counted in one 
survey. This was approximately three times the mean num- 
ber of manatees counted during nine other surveys in winter 
1984-85. The 19 January survey was the only survey at Fort 
Myers during the 9-year period that was judged to have been 
conducted under excellent survey conditions (Appendix B; 
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Year 
Fig. 11. The number of manatees (Trichechus manatus 

latirostris) counted in the vicinity of the Fort Myers power 
plant during aerial surveys in winter 1982-1991. A total of 
4-10 surveys were conducted each winter. Data are presented 
in standard box plots (see Fig. 2 caption). 
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Fig. 12. Comparison of ln(COUNT) of numbers of manatees 
(Trichechus manatus latirostris) observed during aerial 
surveys at the Fort Myers power plant area in winters 
1982-1983 to 1990-1991, (a) before and(b) after adjustment 
for temperature covariates. 
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Fig. 13. Comparison of counts of manatees (Trichechus manatus 
latirostris) during aerial surveys at the Fort Myers power 
plant in winters 1982-1983 to 1990-1991, (a) before and (b) 
after adjustment for temperature covariates. 

Table 3). Under typical survey conditions, which were usu- 
ally rated fair to poor at this site (Table 3), a relatively low 
proportion of the animals may have been detected. Rela- 
tively low counts were obtained during the winters 1988-89 
and 1990-91 (Fig. 11). These winters were unusually milder 
than previous winters, and the lowest counts in each year 
were made during the warmest months (Table 5; Fig. 14). 

Model Development and Trend Analysis 

Because the data structure and possible covariates of 
the Fort Myers manatee population were identical to those 
of the manatee population on the eastern coast, we initially 
fit the best model developed for this population to the Fort 
Myers data. The model fit the data relatively well. How- 
ever, the covariates accounted only for 68% of the vari- 
ation, whereas they accounted for 78% of the variation in 
counts in eastern Florida. We attempted to find a better 
model by repeating the stepwise procedure to construct the 
model for counts in eastern Florida. This procedure pro- 
duced results similar to the analysis of the data from 
eastern Florida (Table 8), indicating the best model for the 
data from eastern Florida was also the best model for the 
data from Fort Myers. The degree-day coefficients had the 
same signs for the data from Fort Myers and eastern 
Florida, and the relative magnitude of the coefficients was 
also similar (Table 7). 
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Fig. 14. Comparison of ln(COUNT) of numbers of manatees 
(Trichechus manatus latirostris) observed during aerial 
surveys at the Fort Myers power plant in winters 1982-1983 
to 1990-1991 before and after adjustment for temperature 
covariates. Circles connected by solid lines represent the 
observed counts, and triangles connected by dotted lines 
represent the counts adjusted for the temperature covariates. 

Polynomial contrasts of the year coefficients indicated 
that linear (P < 0.045) and quadratic temporal trends in 
adjusted counts (P < 0.012) were significant; however, the 
plots of the adjusted counts (Figs. 12 and 13) were not 
convincing. The most significant adjustments to the counts 
were those obtained during unusually warm weather (Fig. 
14). Tukey multiple comparisons revealed the only signifi- 
cant differences among years were between 1982-83 and 
each of the years 1984-85, 1985-86, 1986-87, and 1989- 
90. We concluded that no detectable trend was in the counts 
of manatees in the Fort Myers area between 1983-84 and 
1990-91 (although counts in 1982-83 were lower than 
counts in subsequent years). 

To develop a more parsimonious model, we converted 
year from a categorical to a continuous variable with a linear 
and quadratic term and performed a backward stepwise 
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Table 8. Forward stepwise regressions to select covariates to be included into a log-linear model of total counts of 
Florida manatees (Trichechus manatus latirostris) at Fort Myers, Florida during winters 1982-1983 to 1990-1991. 
Year was treated as a categorical variable, and linear and quadratic terms were included when testing each of the 
other 14 possible covariates. Underlined values are variables that were entered into the model at each step. 

Co van ate 
Correlation coefficient (R2) 

Step 1 Step 2 Step 3 

YEAR (categorical) 
ATEMP 
ATEMP3 
WTEMP 
WTEMP3 
SURVCOND 
DD5 
DD10 
DD15 
DD20 
DD25 
DD30 
DD35 
DD40 
TOTDD 
F value 
df 
P 
R2 

0.335 

3.31 
8,48 
0.004 
0.34 

0.441 
0.411 
0.493 
0.481 
0.377 
0.457 
0.600 
0.573 
0.523 
0.537 
0.608 
0.578 
0.496 
0.358 

14.82 
2,46 

<0.001 
0.60 

0.716 
0.717 
0.740 
0.726 
0.717 

0.611 
0.637 
0.653 
0.683 
0.684 
0.655 
0.603 
5.19 
2,44 

<0.010 
0.68 

regression. This procedure resulted in dropping the linear 
year and quadratic DX30 parameters from the model, pro- 
ducing the model 

£{ln(COUNT)} = ßo + ßy(YEAR)2 + ß2(DD70)        (3) 
+ ßj(DD70/ + ß4(DX30). 

This model required estimating five parameters, had 
an R of 0.501, and fit the data relatively well. Treating 
year as a continuous variable resulted in a substantial 
decrease in the correlation coefficient. This result and 
the results of the post-hoc analysis of the year coeffi- 
cients suggested that the most appropriate log-linear 
model for the data from Fort Myers was the model 
initially developed with the forward stepwise regression 
procedure. 

Discussion 

Results of these analyses revealed that approximately 
50% of the variation in the counts of manatees in winter 
on the eastern coast of Florida and at Fort Myers in 
southwestern Florida can be explained with log-linear 
models that incorporate measures of temperature. The 
choice of models is probably not critical because most 
temperature covariates correlated with each other and 
contributed significantly to the models. The best general 

models we could construct for the data sets from eastern 
Florida and Fort Myers incorporated the same temperature 
covariates. 

The models used a short-term (1-10 days) and a long- 
term (11-30 days) summation of heating degree-days. 
Although degree-day variables are artificial because of the 
relatively arbitrary scaling to 18.3° C, they provided sev- 
eral advantages over the other possible temperature co- 
variates. Degree-days are calculated from standard Na- 
tional Oceanic and Atmospheric Administration 
temperature data that are recorded daily and are readily 
available from many locations in Florida (National Oce- 
anic and Atmospheric Administration 1982-91). Summa- 
tion of degree-days over various time periods also allowed 
the development of time-lag temperature covariates that 
can provide a measure of the relative severity of winter 
temperatures for extended periods prior to each survey. In 
contrast, water-temperature data obtained from the power 
plants were available only for the survey date and two prior 
days. The aerial surveys were standardized for short-term 
temperatures because they were conducted only immedi- 
ately after cold fronts had moved into the area. Other 
problems with power-plant water-temperature data are 
that they are recorded only when the plant is operating and 
the quality of the measurements was not tightly controlled 
(J. R. Wilcox, Florida Power and Light Company, North 
Palm Beach, personal observation). These considerations 
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and the comparisons of the correlation coefficients ob- 
tained during the stepwise regression procedures led us to 
conclude that time-lag degree-day covariates in our mod- 
els were the most appropriate temperature covariates. 

These results, however, were influenced by a pro- 
found increase in the number of manatees counted at the 
Indian River and Cape Canaveral power plants during 
the late 1980's. Manatees in these areas are difficult to 
count because of turbid water and surface foam from the 
power-plant discharge. The increase in number of mana- 
tees counted at the IR-CC sites may have resulted from 
changes in counting conditions because the plants under- 
went major operational changes during the mid-1980's 
(J. R. Wilcox, Florida Power and Light Company, per- 
sonal observation). This possibility must be further in- 
vestigated. 

Because a substantial proportion of the variability in 
these statistical models remains unexplainable, a determina- 
tion of whether an increase in the population size caused the 
increase in adjusted counts on the eastern coast of Florida is 
difficult. Alternate explanations can be suggested for why 
the increasing counts may not accurately track trends in the 
size of the population. Although the same observer con- 
ducted all surveys, the observer may have become more 
experienced at conducting the surveys with time. Visibility 
may have increased. Changes in manatee behavior or tradi- 
tions may have altered the proportion of manatees in winter 
aggregations. Random variation in conditions during spe- 
cific winters may have led to the appearance of a greater- 
than-observed trend in the temperature-adjusted counts. 

More analyses must be made. A primary goal should be 
to incorporate the previous set of 1977-82 surveys (*Rose 
andMcCutcheon 1980; *Raymond 1981; *McGehee 1982; 
♦Packard and Mulholland 1983). Although those earlier 
surveys were conducted year-round under a different sam- 
pling scheme and surveyors recorded different variables, 
data should be investigated to determine whether a suitable 
subset of comparable surveys can be selected. Counts were 
higher during several months (January 1979, January 1980, 
January 1981) on the eastern coast of Florida than in the 
years 1982-84, and their inclusion may reduce the apparent 
trend from this model. 

Conclusions and 
Recommendations 

The major impetus for this study was the determina- 
tion of whether aerial survey counts of manatees at 
aggregation sites in winter can provide an index to the 
size of the manatee population. A consistent increase in 
the number of dead manatees each year created concern 
that the populations may be declining (Ackerman et al. 
1995). Our analyses of the aerial counts do not provide 

evidence in support of a trend of a decreasing population 
size of manatees in eastern Florida or at Fort Myers. 
Pooled counts of manatees at all survey sites in eastern 
Florida, adjusted for temperature, increased during the 
past 8 years. Several other factors may have influenced 
this trend, such as changing conditions at the IR and CC 
plants. In contrast, the temperature-adjusted counts from 
the Fort Myers area suggested that this population re- 
mained relatively stable. 

The interpretation of the results of this analysis requires 
caution. Several measures of temperature were identified, 
each of which seemed to explain a substantial fraction of the 
variation in the count data. Finding such an influential 
adjuster by using the counts as a population index was good 
and bad. The advantage was that much of the observed 
variation in the counts can be explained and, to some extent, 
adjusted. The disadvantage was that this indicated the counts 
were not responding to only the underlying population levels 
but also to external covariates. The better our covariate 
model becomes at predicting the counts, the less residual 
variability remains to predict true population fluctuations. 
The more influential the covariates become, the more seri- 
ous becomes the bias induced by model misspecification 
(e.g., assuming a linear model instead of the appropriate 
nonlinear one). Even if all year effects observed in count data 
were caused by fluctuations in the true population levels, the 
analysis suggests that no more than half of the variability 
observed in the counts can be attributed to changes in 
population levels. With the currently available data, statisti- 
cal analysis alone can shed no light on the question of 
whether the estimated baseline year effects are truly indica- 
tive of the population-size trends. Several relatively exten- 
sive databases exist on other demographic characteristics of 
these manatee populations that include information on age 
structure, reproduction, and survival (Eberhardt and O'Shea 
1995). We caution against accepting the results of our trend 
analysis unless these independent databases provide reason- 
able evidence to corroborate our results. We recommend 
incorporation of other population data in future attempts to 
support or reject the trend suggested by this work. 
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Appendix A. Aerial counts of Florida manatees {Trichechus manatus 
latirostris) along the eastern coast of Florida and 
potential adjustment factors. 



52    INFORMATION AND TECHNOLOGY REPORT 1 

? 
•? 
o 

t/) 
>1 1 
•3 
O *{ s 1 

■8 o 
u | 
>■ 

•5 V> 
s 
E 
9 O u 1 

T 

o 

•a 
••a 
§ 

»5 

O 
Z 

s-s 

—• os o\ v) so os r» 
■* so r- CM t- oo —> 

—< CM CM CM m 

so o\ o\irt ^o c> ^ -"O t^ M m oo -« 

— so so O O t- 00 
H NNMM 

oo o — in so cs r- 

— — — CM CM 

in oo so r^ os 
a ^ vi N r* 
— ■* -<J- ■* CM 

vo -■ m N H 
so so Kim ^ 
H Cl ft (f| N 

r- 00 O O ■* ■n oo $ oo <H 
-" N M M M 

p co en oo w-> 

^ N csl N "« 

•>t  —  •— SO  00 

cMoosoososoocMmc*'! 

—<0^-Os5soQsn'*r~ 

Osr--r-Qso-««o\cMso 
TtoonOsOSO*MMl1 

^  ^ fl  fl  fl  O N 

r--ior--cMr--ooso,<* 
t^ H o> »3 - © -* in 

l^int^MOSN-HOO 
r-^asoooo»ocMO 

-H  tH  N   N   N   M  Cs! 

r-</ir-cMoso-*o r~^-oscncir-osas 
** — CM CM -» « « 

— m so o so 
vi r- M ^ m 
— -» CM ci o 

" - N N M 

00 00 w © Os 
m so CM r- -* 
^ rt (S M M 

CM SO ^ V) Tj- 
cn so O -* •-< 
*H *"« CM CM CM 

5 

s 
8 

^ ON O ^fr Q\ CN in 
N N N t ^t 

m co *-H Tf r- 

Tfr-r-Qr-in^NO^tN 
eoooroo^HNO—<oeNr- 

r-CNCNCNCN-*-**-* 

MmVlM^C>0\tOrH 
a^O\>ncsirtiriO\oo^ 
^Nrsim^mwi>ri^r* 

r-or-oooooNeoNo 

oo oo eo r- oo o 
eo eo r-- r- o ^F 

00H    ^-.H    |S^ 

^ONOmoocNoo r-t SO ^ 
m oo ■<* 

NO CN o\ r- CN NO o »ovo IOMO 

o o o NO o r- CN o N oo ^ N 

iNO\o\^om^oovi    o oo »-* NO in 

Tf 00 so <o ^o 

S<ri O Is- cs 

cNeoNO,<TOeoeNeNO\i-' 

cor-,«tooi-ieooNoo»-<in 
»-«»-•eoincO'^-cNeNaNOO 

CN w -* 

r- »n co in oo eo 

inTj-r-—« -H ^ r> (s 
CN <-< *-H en oo r- in 
*-"   CN ^H cN 

oo vi oo m 

co in ON eo r- ui o 

ooooooo    ooooo    oooooooooo     OOOOOOOCN    o o oo o r» 

o o oo CN in r^ CN r-ONoosooo^ooio 

ooooooo ooooo oooooooooo 

O "t w*  m ^ *- m 

OOOOOOO 

OOOOO 

ooNoincor--r--Nor- 

OOOOO  OOOOOOOOOO  OOOOOOOO  OOOOO 

t^i oo vi «n vi n tn m oo o oo q ininineoinpinininoq eoco»nineococoo oo oo oo in o 
CN* *-J CN CN en CN" CN CN" ^ CN* CN* CN CN* CN" CO" CN CN* eo CN CN* *-* CN co CN CN" en CN" CN CN CN CN CN *-« CN CO 

p p p in p o p o O in in o inooooooooo vi«nmo»n<oin<n pppop 
■^ eo TJ" co* CN CN CN* ^-" eo CN CN CN CN CN CN CN ^" ^ cN CN ^ ^" eoTfcNcoeococNeo* CN CN co CN CN* 
CN CN <N CN CN CN CN M N M M f4 MD(SMM(SNN(N(M CNtNCNCNCNCNCNcN CN CN CN CM CN 

p p in in p in p in IT o >n q pininppppinpp invjmoinooo o O in p p 
^t ci co M' ri <-* N Ö CN CN" CN" i-« CN CN *•« CN i-" .-" CN »-I 1-1 1-1 ^" ^t CN CN en en" CN en CN Ö CN CN cn" 
CNCNCNCNCNCNCN fNCNCNCNCN CNCNCNCNCNCNCNCNCNeN eNCNCNCNCNCNCNCN CNCNCNCNCN 

p p p in p *n in p p p p in pppp»ninp©*np ©pin*nOp©in O tn p p in 
ON in NO in" in" oo* oo* o cd \d ri- co sdts'ino\o'>nTj:o6'-<io odi/icNOTtoödiri r«" r-" NO" r-" NO 

p»n»npp«n>n qioqqir »npin»n»noo»no»r) oo«ri>n»no»n>n <noop»n 
CN in" ~ -*t r-* »n ^" t r-' ^' CN d cn" od r-^ NO ^t m" so "* CN OO oJcN<-io6coS^«n ^' <-* co so" oo 

cncNcNcNTtcNcN co CN co co CN »rienen'<t'^'CN,<st,<stcnen Tl-Tl-TtTtcococoin vi M co co co 

cN Is* o x >n o\ oo to o oo oo oo or-^vococot^sTt^'n r-NocnoONooouiON r^ \o M vo Is 

CN    ^1    CN    »—<    »—<    i—•    i—" IN    CN    H    H    H pslprtiliMFNrti-li-lWpH .-Hi—(FMH—I    r-«    ^1    I—I    ^-1 ^M    ,—t    ,—i    r-I    ^« 

H iß oo r* in oo oo cNOvor*»r* oo^cnNOi-tcNONNOTfNo hincNr-sooocovo so r- so so »o 
(>sj    r-|    i-H    _<    _H    _H    F-t *N    CN    *-'    »—<    i—« i-N»—li—t*-4i-H*-l»-li-Hf-Hf-H »—li—I,—I,—I.—IF-I    i—i,—i _|    _    _H    ^^    ,_ 

ON^cNOONr-Tf CNTCONOCN ^HOin^cnNinoo en^r-r-cNinNO^ 't CN oo in co 

tneor^cNOcNO O^W-JNOON oOt-ir-eocNincooo»--<t -^-ONCNtneocNcNNO oososo^tin 

fNCN^n^eNCN ^2cNCNcO -   S   S   S   2   S   CN   CN   C^   C^J S   ^   S   "   S   3   2   cN S   S  3   cN   CN 
CN CN co co co co co co tt Tt »* Tt tri*fi*ri*riiri*r)iriViinin »nminNOsoNONONO r-r~-r--r-*r* 
00 00 00 00 00 00 oo oooooooooo oooooooooooooooooooo oooooooooooooooo oooooooooo 



ROBERT A. GARROTT ET AL.    53 

<-■   O   ON   ON   OO   ON 

^rO\O0O^-*00WN 
oocNC")^-oooor--g 

TtON»ngovovoTj-oo 
r-^cnOcN'^mo 

— C4<NCN<£<<J-OO'£ 

^omo^o\rn*- 
Tj-moocn-«T—<<Ncn 

cnci«-o\ON^ 
ow")f}<NO\^tr--^i" 

ONONf^ONr-vor^Th 
^ONw-ivor-ONCSoo 

CM cN 

»-■inu^moooo 

oooooooo 

m 
00 s r- 5 00 CM 

m CM 
m m 

CM 

CM 

en 5 en 
CM 
OO 

m 
00 

CM o 
CM 

ON 
CO 

■* in 
t-H 

CM 
m 

CM 
en 
CM 

00 
CM 

r- 
m 

00 
t- 

m 
00 s © 

CM m 
CM in CM 

m s 
CM 

en 
NO 
CM 

in 
r- 
CM 

r- 
m 

m 
00 

CM 
Ti- 
o 
CM 

ON 
en 

CM m 
-—1 
O 
en 
m 
o 
CM 

en 
m 
CM 

r- 
m 
CM 

r- 
m 

m 
00 

en 
en 
o 
<N 

en 
en 

CM 00 
00 

00 
O 

00 r- 
CM 

CM 
en 
t-H 

en 
in 

NO 
t- 

00 
ON 

•* 3 00 NO 
NO s CM in 

in 
00 
t-H 

00 3 

Tr ON 
i* 

CM 00 
o 
NO 

NO 
r- s en NO ° 

m oo 
CM m 

o o 

■ r- o 
■ oo ON 

9 r— 

o o 
en r-- 

i oo in 
i CM NO 

^- r- ^ ■* ^  oo O ^ VI H oo 
ri in His oo  CM in r- CM m m 

in CM ~H t-- in  »ncMTfcM 
OO   Tj-  NO  00   t-       nmVlrt 

—t   t-H   t-H   CM       H  t4 M  Cl 

§ o ^ 
CO ■* 

i   ON   O 
.    ^H    SO 

<N  m O  O  VO 

m  vO  <N  ~*  -*t 

o o o o o 

O  O O  CO  ON 
in 

o o o r- o 

r- ■<* *n ■<* ON 
en r- 1— ^ CM 

■^- ^- es ^ t-- o     m oo m o\ 

ON   m   O   t-   O   O        0O   W   C1M 
M   M   H 

o oo cn r- o o     w-i^tT**«n 
so r*> fi N "-• m cö vi r-- 

w <s ~* 
vo oo NO NO cn cn     oo co H ri 

T-* CS (S CN 

NO o o o «"> cn     ^o ^" en M 

'-'OO'-iOO      *-< o o o 

m  M <ri  O  "*  O       ^ONO^t 
Tj-    d 00 W-l    Tf    (Nl    ^H 

© m o ■-* ^ -s-     ^ o o o 

oooooooo     ooooo     en 

Ocnoqcnvip«np 
encNoiencNfNo-icn 

oooopwj»n>o. 
cn CN <N «-^ <N oi CN *-* 

OinOinoOT'fl 

irqqpirOvjO 
ÖodoöenirJONÖr-^ 

Oi/iininOinv"l*n 

O O u-> m O 
<N CN ** CN CN 

o o »n o o 
p^ p-" N ri 'H 
(S M n N N 

in »n o »o <n 
^ 6 rj pi es 
M N N M M 

m © O »O O 

onoqin 
Tt Tt S ON irj 

o CM CM CM CM m r~ en m in 
CM CM en CM CM CM CM 

rt CM CM 

o O o o O in o m in in 
CM 
m 
CM 

CM 
CM 
o 
CM 
m 
CM 

en 
CM CM 

in 
CM CM CM 

o in O o in m o o O m 
CM 

CM 
CM 
O 
CM 
o 
CM 

CM 
CM 

en 
CM 

m 
CM CM CM 

en 
CM 

m in in m in •n m o o o 
o 
CM 

r~ o VO r~ o 
CM 

r- r- 00 ■* 

O o •n vn o o o wn o o 
« •* CM o 

CM 
CM 
CM 

00 vo 00 en 

HTt(n^-<NNN      mrOTTrfm      mmrJ^t^tm      mmm"«t 

oooo\oor--ON     OOONNOVO 

oo^-»/N>rivoooONr- 

fia-i^OO'-'^O 

r~ NO ON oo vo 

en ON NO »n o f-, ^- t^. ^  w in 

r-» oo in in 

"* <N oo ON 

OOOOH^HOCOH      in i—' ^ e^ fN 

SN^-oo-tr-piOO 

r-oooooooooooooo 
0000000000000000 

3 oj-^-, r~ 

-H \o •-< ■* ■* r- 

CM CM CM CM ^ i^ 
O ON o> o o o 
00 OO 00 00 CT\ ON 

o 
CM 

Ch ON 0\ ON 

a  en en r- 
CJ - CM CM 



54    INFORMATION AND TECHNOLOGY REPORT 1 

Appendix B.   Aerial counts of Florida manatees (Trichechus manatus 
latirostris) near Fort Myers, Florida, and potential 
adjustment factors. 

Survey Survey conditions 
Counts 

Cumulative degree davs 
date Aa A3b Wc W3d SCC Sr -5« -10 -15 -20 -25 -30 -35 -40 

821214" 18 17 24 25 4 5 18 11 11 11 11 11 11 11 18 
821220 14 13 20 20 4 32 54 36 47 47 47 47 47 47 47 
83 113 10 13 21 22 4 56 107 25 39 39 39 60 89 100 100 
83 116 12 13 18 18 4 85 134 52 56 66 66 67 108 127 127 
83 119 17 15 18 18 5 53 160 43 79 90 93 93 106 142 153 
83 2 5 18 20 18 18 4 45 221 20 34 58 88 140 143 154 154 
83 2 8 13 16 18 19 4 41 235 31 35 62 75 118 154 165 168 

831227 13 7 17 19 3 56 94 68 68 70 74 78 79 80 85 
84130 15 16 21 23 2 122 252 14 31 40 68 90 135 169 227 
842 1 12 14 19 20 3 89 270 32 32 58 67 96 135 177 245 
84 2 7 10 13 19 21 3 120 303 30 61 64 91 96 120 161 209 
84 3 1 11 13 20 21 3 83 337 16 23 23 23 64 85 99 116 

85 16 13 16 20 20 4 93 71 17 17 17 17 17 41 55 55 
85 110 17 17 19 19 3 141 91 29 37 37 37 37 37 75 75 
85 114 16 13 17 18 3 80 119 31 64 64 64 64 64 66 102 
85 119 17 18 18 18 1 338 133 14 45 78 78 78 78 78 80 
85 122 6 9 21 20 3 136 184 54 82 104 130 130 130 130 130 
85 127 13 15 21 23 3 139 231 47 101 129 151 177 177 177 177 
85 2 2 24 24 22 22 5 99 232 1 31 102 118 148 177 177 177 
85 2 9 15 16 19 21 3 70 247 16 16 38 109 124 156 185 193 
85 215 9 11 20 21 4 163 297 48 66 66 77 137 167 206 226 
85 218 19 17 21 21 3 100 309 42 68 77 77 99 176 190 221 

851219 18 16 18 18 4 81 37 27 32 37 37 37 37 37 37 
851222 11 13 17 17 3 126 62 27 57 57 62 62 62 62 62 
851227 10 10 15 16 3 104 116 54 81 111 111 116 116 116 116 
86112 18 19 19 19 3 147 138 4 10 19 66 102 133 133 138 
86 115 14 14 18 18 4 147 162 27 33 34 61 113 135 157 160 
86 121 16 18 18 19 4 248 170 8 33 36 42 55 109 136 165 
86129 11 10 17 18 3 191 214 44 51 59 79 86 89 135 173 
86 214 15 14 18 21 4 48 243 24 24 25 73 77 81 108 114 

87 112 11 16 19 20 4 107 71 19 37 59 65 65 65 65 71 
87115 20 17 20 20 2 140 83 31 31 61 76 77 77 77 77 
87 124 12 14 20 21 3 91 109 26 26 56 63 90 103 103 103 
87 2 1 16 16 20 20 3 153 143 21 60 60 72 91 109 131 137 
87 211 16 15 20 20 3 111 168 25 25 46 85 85 97 115 133 

871220 22 18 21 21 4 77 67 25 25 33 51 51 62 62 67 
88 112 15 14 19 20 4 93 118 28 37 51 51 51 76 76 93 
88 124 11 13 19 20 4 90 159 27 36 64 78 80 92 92 117 
88 128 11 11 18 18 4 134 202 51 70 83 112 121 130 135 135 
88 214 13 13 19 20 4 203 272 32 62 62 111 140 145 170 184 
88 217 16 17 20 20 2 191 281 30 48 70 79 130 148 162 191 
88 223 21 18 21 21 4 40 290 9 27 50 79 79 131 157 167 
88 228 19 15 20 20 4 104 313 23 32 50 73 102 102 154 180 

881214 13 15 21 22 3 62 34 20 22 32 34 34 34 34 34 
881219 12 11 18 20 3 84 72 38 58 59 70 72 72 72 72 
89 123 18 18 22 23 2 21 81 3 3 3 9 9 9 9 47 
89 211 16 17 23 24 3 14 88 7 7 7 9 10 10 10 16 
89 227 15 12 20 21 3 77 153 64 64 64 73 73 73 73 75 
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Appendix B. Continued. 

Survey 
date 

Survev conditions 
Counts 

Cumulative deeree davs 

Aa A3b Wc W3d sc<= Sf -58 -10 -15 -20 -25 -30 -35 -40 

891210 14 19 21 21 2 113 42 10 34 35 36 42 42 42 42 

891214 11 15 20 21 2 113 68 35 44 62 62 62 68 68 68 

891224 2 7 17 19 3 126 133 61 65 99 109 126 126 127 133 
891226 11 6 14 16 2 198 169 97 97 121 135 161 162 163 169 

90115 20 15 20 20 3 134 211 23 23 25 43 139 140 163 178 
90 228 20 19 22 22 3 21 228 8 8 8 9 9 9 17 17 

901210 14 15 21 21 2 186 37 28 35 35 35 35 37 37 37 

91 123 16 17 21 21 3 26 82 10 19 23 23 23 25 25 25 

91213 19 18 21 22 4 26 93 10 10 10 11 21 26 34 34 
91217 13 13 21 21 3 80 120 28 38 38 38 39 48 58 62 

Air temperature (° C) on day of survey. 

Average air temperature (° C) for 3 days prior to survey. 

° Water temperature (° C) on day of survey at power plant intake. 

Average intake water temperature (° C) for 3 days prior to survey. 
e Index to flight and sighting conditions during survey. 

From start of winter (1 Nov) to survey date. 
8-5,.... -40 are starting points in days relative to the survey date. 

Survey unusable for analysis. 
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Fixed-width Aerial Transects for Determining Dugong Population 
Sizes and Distribution Patterns 

by 

Helene Marsh 

James Cook University 
Department of Tropical Environment Studies and Geography 

Townsville, Queensland 4811, Australia 

Abstract. The fixed-width transect technique developed for surveying the dugong {Dugong dugon) 
from the air at large spatial scales (tens of thousands of km2) is described and evaluated. Perception 
bias (the proportion of groups that is visible in the transect, yet missed by observers) is corrected with 
a modified Petersen estimate calculated for each of two teams of tandem observers, one on each side 
of the aircraft. Availability bias (the proportion of animals that is unavailable to observers because of 
water turbidity) is standardized by comparing the proportion of individuals at the surface during the 
survey with the proportion at the surface in a clear-water area when all dugongs are potentially visible. 
This fixed-width transect technique provides a standardized estimate of minimum population size and 
is useful for producing density-distribution maps for monitoring trends in abundance over large spatial 
scales and long time periods, and for assessing the probable impact of direct anthropogenic mortality. 
However, the population'size estimated with the technique has a coefficient of variation (S.E./mean) 
of 12% at best, which means detection of a low-level chronic decline in dugong abundance even at a 
large spatial scale would take about one decade. 

Key words: Aerial survey techniques, bias corrections, dugong, Dugong dugon. 

The range of the dugong {Dugong dugon) extends 
throughout the tropical and subtropical coastal and island 
waters of the Indo-west Pacific from east Africa to the 
Solomon Islands and Vanuatu and between 26° and 27° 
north and south of the equator (Nishiwaki and Marsh 
1985). The distribution spans the waters of more than 40 
countries. Over much of this range, dugongs are now 
believed to be represented by relict populations, separated 
by large areas in which they are close to extinction or 
extinct (Nishiwaki and Marsh 1985) or have never oc- 
curred. For most countries, however, this assessment is 
based on anecdotal information and the extent of popula- 
tion declines or range contractions is unknown because 
quantitative information on the distribution and abun- 
dance of dugongs and their habitats is unavailable. 

The only quantitative information on dugong popula- 
tion size is from aerial surveys. Hughes and Oxley-Oxland 
(1971) demonstrated that aerial surveys were useful for 
studying dugongs in Mozambique. Heinsohn et al. (1976) 
were the first to survey dugongs from the air in Australia, 
and most surveys have been in Australian waters. Aerial 

An asterisk denotes unpublished material. 

surveys of dugongs have also been conducted in Kenya 
(* Ligon 1976), Papua New Guinea (Ligon and Hudson 
1977; Hudson 1980a, 1980b), Palau (*Brownell et al. 
1981; Rathbun et al. 1988), Irian Jaya in Indonesia (*Salm 
et al. 1982), the Arabian region (*Preen 1989), and Vanu- 
atu (Chambers et al. 1989). 

The designers of the surveys before 1983 assumed that, 
because dugongs feed primarily on seagrasses (Marsh 
et al. 1982), they mainly occur in coastal waters within 
about 2 km of land. The survey technique was broadly 
similar to the extended-area technique (sensu *Packard 
1985 and Lefebvre et al. 1995) used for manatees 
{Trichechus manatus latirostris). Dugongs were counted 
from aircraft at altitudes of 275-300 m and about 0.8 km 
from and parallel to the shore. If a large group of dugongs 
was detected, a count was made while the aircraft circled. 
In some studies, flights were made over additional tran- 
sects where suitable habitat was known to extend farther 
offshore. No corrections were made for dugongs that were 
not seen by observers (e.g., because of water turbidity). 

This technique proved useful for identifying areas in 
which large numbers of dugongs occurred close to the 
shore (see Nishiwaki and Marsh [1985] for a summary of 
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counts in various areas). Because of its ease of implemen- 
tation, the technique is still useful for identifying inshore 
areas in developing countries where dugongs occur, par- 
ticularly in regions where the continental shelf is narrow 
(Chambers et al. 1989). 

Dugongs have been sighted tens of kilometers from the 
coast in large embayments (e.g., Shark Bay in Western 
Australia; *Marsh et al. 1991; Marsh et al. 1994) and 
where the continental shelf is broad (e.g., Torres Strait 
[Marsh and Saalfeld * 1988, * 1991 ] and the northern Great 
Barrier Reef lagoon [Marsh and Saalfeld 1989]). The 
number of dugongs sighted during a survey over the shore- 
line is an unreliable index of abundance because it depends 
on the degree to which the distribution of the animals 
follows the coast, which is variable, even where the con- 
tinental shelf is narrow. Hence, the shoreline method is 
unsuitable for tracking temporal changes in dugong abun- 
dance, especially at large spatial scales. 

The shoreline technique has largely been replaced by 
fixed-width transect surveys (Marsh and Saalfeld 1989; 
Marsh and Sinclair 1989a, 1989b) designed to provide 
standardized minimum population-size estimates of du- 
gongs as a basis for monitoring temporal changes in abun- 
dance, for the assessment of the impact of direct anthropo- 
genic mortality, and for density-distribution maps at scales 
required for management by zoning. A fixed-width tran- 
sect technique was adopted in preference to the line tran- 
sect technique often used for dolphin surveys (Forney et al. 
1991). Dugongs are generally more difficult to sight than 
dolphins because they are most often seen as solitary 
individuals or adult female-calf pairs in turbid water. Ac- 
cordingly, we decided to use a technique with which 
observers did not have to take their eyes off the water to 
read an inclinometer. 

Here I review the fixed-wing transect technique as a 
background to the evaluation of the relevance of dugong 
aerial-survey techniques for estimating manatee popula- 
tion sizes or trends. 

Material and Methods 

Survey Procedure 

Dugongs are counted on either side of an aircraft flying 
at 185 km/h at an altitude of 137 m over 200-m-wide strip 
transects. Altitude is maintained with the aid of a radar 
altimeter. The strip transects, defined by markers on the 
wing struts (see diagram in Caughley 1977), are suffi- 
ciently narrow to preclude detectable variation in dugong 
sightability across the transect (Marsh and Saalfeld 1990). 

The survey crew comprises six people: the pilot, a 
front-right survey leader, and two teams of tandem ob- 
servers, one on either side of the aircraft. The survey leader 

records the data with a portable computer programmed as 
a data logger and timer and equipped with a printer that 
produces an immediate hard copy of the data. The mid-seat 
observers report their sightings to the survey leader via a 
2-way intercom system connected to one track of a 2-track 
tape recorder. The rear-seat observers are usually screened 
from the mid-seat observers with a curtain and acoustically 
isolated from the other crew members but can communi- 
cate with each other. They report their sightings into the 
second track of the tape recorder (Fig. 1). 

All reports from observers are in standardized format: 
dugong group size, number of calves, number at the sur- 
face, and position of the sighting inside the transect strip. 
The top (farthest from aircraft), middle, and bottom thirds 
of the transect are color-marked on the wing strut to 
facilitate the determination of the position of sightings 
inside the strip. This information is recorded to increase 
the probability of distinguishing between different, simul- 
taneously reported sightings by both members of a tandem 
team. Surveys are made only when the cloud cover is less 
than 50% and the sea is calm (<Beaufort 3); they are timed 
to minimize glare off the surface of the water from a low 
or mid-day sun. 

After each flight, the tape record of each transect is used 
to verify and edit the computer records, so that each 
sighting can be coded as made by one (specified) member 
or both members of a tandem observing team. The reports 
of team members are different if they are unambiguously 
distinct (usual situation) or if they are separated by 5 or 
more seconds. Discrepancies between the reports of ob- 
servers sighting the same group of dugongs are also noted. 

When training a new observer (Marsh and Saalfeld 
1989), I use a functional tandem team on one side of the 
aircraft and one trained observer and the trainee on the 
other side. During training, the intercom system is 
switched so that the trainee can hear the reports of his or 
her counterpart on the same side of the aircraft. This 
system greatly reduces the time to train reliable ob- 
servers. 

Corrections are made for perception bias (dugongs that 
are visible but missed by observers) and availability bias 
(dugongs that are unavailable to observers because of 
water turbidity) with correction factors that are calculated 
separately for each survey. These corrections compensate 
for fluctuations in variations in the visibility biases that are 
due to changes in sea state, glare, and water turbidity 
within the range of acceptable survey conditions and that 
cannot be eliminated by the standardization of procedures. 
They also compensate for differences between observers 
and reduce the need to use the same observers for each 
survey. 

The correction for perception bias is based on a modi- 
fied Petersen estimate calculated separately for the two 



58    INFORMATION AND TECHNOLOGY REPORT 1 

Survey 
Leader 

rm 

Mid-Seat 
Observer 

"7" 
I 

Intercom/ 
Tape Recorder 

Mid-Seat 
Observer 

Screening-curtains 

r T 
Rear-Seat 
Observer 

Port 

Rear-Seat 
Observer 

Starboard 

Pilot 
Flys/navigates aircraft 
Blows whistle at start and end of transect 
Uses stopwatch to check navigation 

Survey Leader 
Manages survey: Records aircraft height, 
Landmarks, Beaufort sea state. 
Standardized observations of mid-seat 
observers into data-logger 

Mid-Seat Observers 
Communicate with each other and 
survey leader during transects 

Rear-Seat Observers 
Communicate with each other 
during transects 

(All members wear polarized sunglasses) 

— — Track 1 Intercom/Tape Recorder 

— Track 2 IntercorrvTape Recorder 
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crew during fixed-width 
aerial transect surveys 
of dugongs (Dugong 
dugon). 

teams of two observers (Marsh and Sinclair 1989a). This 
correction factor requires the assumption that all groups 
are equally sightable. Marsh and Sinclair (1989b) showed 
that this is a reasonable assumption for the small groups 
of dugongs usually observed. 

The correction for availability bias (Marsh and Sin- 
clair 1989a) serves to standardize the results of each 
survey for the proportion of animals that was unavailable 
to observers because of water turbidity during that sur- 
vey. This correction rests on the untested assumption that 
the proportion of dugongs at the surface is constant 
within the limits of acceptable survey conditions. This 
proportion (16.7%) is based on data from an aerial survey 
over a clear water area in Moreton Bay near Brisbane 
where all dugongs were assumed to be visible. The 
proportion is not significantly different from that ob- 
tained from vertical aerial photographs of dugongs in the 
same area (Marsh and Sinclair 1989b). This fraction is, 
however, much greater than the 1.9% suggested by An- 
derson and Birtles' (1978) surface observations of diving 
and surfacing dugongs in muddy water. The differences 
may be due to the observation platform or spatial vari- 
ation in diving by dugongs. I believe the corrections for 
availability bias are probably conservative and the popu- 
lation size obtained with the fixed-wing transect tech- 
nique is probably underestimated. 

Large Groups of Dugongs 

The mean size of a group of dugongs sighted in these 
surveys is between 1.3 and 2.1 animals (Marsh and 
Sinclair 1989a). Groups of more than 10 dugongs are rare 
(<2% of groups; Marsh and Saalfeld * 1988,1989, 1990; 
*Marshetal. 1990, *1991,1994). When these groups are 
sighted (even outside the transect), the flight course is 

interrupted and the group is circled and photographed to 
obtain a total count. These groups are then treated as a 
separate stratum of large herds as suggested by Norton- 
Griffiths (1978). 

Survey Design 

The survey areas ranged from about 2,000 to 
40,000 km (Table 1). Each area was divided into blocks 
(sampling strata) based on expected dugong density. The 
sampling fraction in each block was proportional to 
dugong density, varying from about 5% where few du- 
gongs were expected to about 20% where the known 
dugong density was high. The sampling fraction in the 
entire survey usually averaged about 10%. Dugongs in 
each block were sampled over systematically spaced 
transects (the first transect was placed randomly). Be- 
cause of their logistical advantages and to facilitate the 
production of density-distribution maps, systematic 
rather than random transects were used. The transects 
were aligned across the depth contours to increase the 
precision of the population-size estimates. The same 
transects were used on repeated surveys of the same area 
so that transects could be used as factors in the analyses. 
I now use a global positioning system to locate the 
aircraft on the transects. 

Analysis 

Because transects are variable in area, the Ratio 
Method (Jolly 1969; Caughley and Grigg 1981) was used 
to estimate density and population size and their associ- 
ated standard errors in each block in each survey. Any 
statistical bias from this method was considered incon- 
sequential because of the high sampling fraction 
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Table 1. Estimates of the number and densities of dugongs (Dugong dugon) and the associated coefficients of variation 
where surveys were conducted with the fixed-width transect technique. 

Population 
Area estimate Density km Coefficients 

Location (km2) ±S.E. ±S.E. of variation Reference 

Shark Baya 14,240 10,146± 0.71± 14.6 ♦Marsh et al. (1991) 
1,478 0.10 Marsh et al. (1994) 

Exmouth Gulf- 3,397 1,964± 0.58± 18.5 ♦Marsh et al. (1991) 
Ningaloo" 363 0.11 

North coast 28,746 13,800± 0.48± 19.4 Bayliss (1986) in Bayliss 
Northern Territory 2,683 0.09 and Freeland (1989) 

Western Gulf of 27,216 16,846± 0.62± 19.3 Bayliss and Freeland (1989) 
Carpentaria 3,259 0.12 

Torres Strait0 30,533 12,522± 0.41± 11.9 ♦Marsh and Saalfeld 
1,497 0.05 (1988 and 1991) 

Northern Great 31,288 8,110± 0.26± 13.2 Marsh and Saalfeld (1989) 
Barrier Reef0 1,073 0.03 

Southern Great 39,396 3,479± 0.088± 13.2 Marsh and Saalfeld (1990) 
Barrier Reef0 459 0.012 

Southeast 9,170 2,479± 0.26± 14.7 ♦Marsh et al. (1990) 
Queensland0 365 0.04 

Arabian Gulr 34,604 7,310± 
1,300 

0.25e± 
0.045 

17.8 ♦Preen (1989) 

Saudi Arabian coast 22,370 1,820± 0.08e± 20.9 ♦Preen (1989) 
of Red Sea 380 0.017 

Western Australia. 
Northern Territory, Australia. 

c Queensland, Australia. 
Saudi Arabia. 

e Excluding zones in which too few dugongs were sighted for population-size estimates. 

(Caughley and Grigg 1981). Input data were the esti- 
mated number of dugongs (in groups of <10) for each 
tandem team per transect, calculated with the corrections 
for perception and availability biases. The resultant 
standard errors were adjusted to incorporate the errors 
associated with the appropriate estimates of the percep- 
tion and availability correction factors and mean group 
size as outlined in Marsh and Sinclair (1989a). At the end 
of the analyses, the number of dugongs in groups of more 
than 10 was added to the estimates of the population size 
and density in the appropriate block, as outlined in Nor- 
ton-Griffiths (1978). 

Density diagrams, adjusted for sampling intensity, 
were produced with the Arcinfo GIS package. A grid 
coverage (2.5 km or 5 km ) was combined with the 
coastline coverage. The corrected number of dugongs 
and the transect length in each grid cell were calculated. 
The density in each grid cell was then calculated as 
follows: 

density/km = corrected number of dugongs sighted in 
cell/survey area in cell, where survey area = transect 
length in km x transect width (i.e., 0.4 km). 

Results 

Distribution of Dugongs 

Density distribution maps were produced for the entire 
survey area (Table 1). High local densities of dugongs occur 
in inshore waters sheltered from trade winds and in associa- 
tion with offshore reefs and shoals in the northern Great 
Barrier Reef (Marsh and Saalfeld 1989;*Marshetal. 1993) 
and Torres Strait (Marsh and Saalfeld *1988, *1991). Large 
numbers of dugongs were sighted in more-than-10-m-deep 
water in several areas including Shark Bay in Western 
Australia (*Marsh et al. 1991; Marsh et al. 1994), Torres 
Strait (Marsh and Saalfeld * 1988, * 1991), the northern Great 
Barrier Reef region (Marsh and Saalfeld 1989; *Marsh et al. 
1993), and Hervey Bay in southeastern Queensland (*Marsh 
et al. 1990). The proportion of dugongs in these deeper water 
areas is unknown because we lack information on the rela- 
tion between diving and surfacing times at different depths. 
In contrast to their essentially inshore distribution where the 
continental shelf is narrow, dugongs seen in waters deeper 
than about 10 m in northern Australia tend to be more than 
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10 km from land (Marsh and Saalfeld *1988,1989, *1991; 
Marsh etal. *1990, *1991, *1993,1994). 

Detection of Population Trends 

Temporal changes in density have been studied with 
repeated surveys of dugongs in the same area and with 
analysis of variance usually with and without measures of 
sea state or cloud cover at each transect as continuously 
distributed covariates (Bayliss and Freeland 1989; Marsh 
and Saalfeld 1989; *Marsh et al. 1993). Blocks and times 
were treated as fixed factors and transects as a random factor 
nested within blocks. Data for all analyses were corrected 
densities/km based on mean group sizes and the estimated 
correction factors for perception and availability bias; each 
transect contributed one density per survey based on the 
combined corrected counts of both tandem teams. The den- 
sities were transformed (log10x + 1) for analysis to equalize 
the error variances. 

The population-size estimates (Table 2; Fig. 2) are con- 
sistent, especially in surveys separated by relatively short 
time intervals (months). The inclusion of sea state and 
cloud cover as covariates in the analyses made little dif- 
ference to the results and did not alter the conclusions 
(Marsh and Saalfeld 1989), suggesting that the method 
was appropriate for stabilizing most biases in visibility 
because of weather conditions. 

Marsh and Saalfeld (1989) used Gerrodette's (1987) 
power analysis technique to investigate the length of time to 
detection of a hypothetical population decline of 5%/year 
with acceptable levels of confidence (Type 1 and Type 2 
errors at 0.05). Assuming that the precision of the popula- 
tion-size estimate is 11% (which is optimistic even for 
large-scale dugong surveys at the given sampling fractions; 
Table 1), Marsh and Saalfeld (1989) estimated that 10 an- 
nual surveys are required (i.e., 9 years to be able to detect 
such a decline with 95% confidence). During this period, a 
dugong population declining at 5%/year would have been 

reduced to 63% of its size since the time of the first survey. 
A preliminary indication of this trend could be obtained 
more quickly by increasing the Type 1 and Type 2 error 
rates. However, because the consequences of failing to 
detect a declining trend are more serious than the conse- 
quences of deciding that a declining trend is occurring when 
it is not, the Type 2 error rate must be kept low. Even if the 
Type 2 error rate were increased to 0.1 and the Type 1 error 
rate to 0.15, eight annual surveys (7 years) are required to 
detect a declining trend in the given example. 

Discussion 

Evaluation of the Technique 

Results of the fixed-width transect technique are now 
used for developing local strategies for dugong conserva- 
tion. Density-distribution maps of dugongs are used for the 
zoning and management of marine protected areas in north- 
ern Australia, especially in the Great Barrier Reef Marine 
Park. Distribution maps have also been used to produce 
recommendations for the conservation and management of 
dugongs in the Arabian region (*Preen et al. 1989). The 
distribution of dugongs mirrors the distribution of seagrasses 
in all survey areas. Indeed, the pattern of dugong sightings 
has proved a reliable basis for designing recent seagrass 
surveys in Torres Strait, the northern Great Barrier Reef, and 
Shark Bay. 

The standardized minimum population-size estimates 
have been used in conjunction with a dugong population 
model to assess the probable impact of direct anthropogenic 
mortality of dugongs in the few cases for which a measure 
of that mortality was available. For example, Smith and 
Marsh (1990) concluded that the take of Aboriginal commu- 
nities in Cape York was well below the sustainable yield. 

In Australia, dugongs are being resurveyed at regular 
intervals along fixed transects using the techniques outlined 

Table 2. Comparison of the population-size estimates obtained from repeated surveys of dugongs {Dugong dugon) with 
the fixed-width transect technique in the same area. 

Location Survey date 
Population 

estimate ± S.E. Reference 

Western Gulf of 
Carpentaria3 

Cape Bedford- 
Cape Melville 
Campbell Point- 
Hunter Pointb 

Cape Bedford- 
Hunter Pointb 

August 1984 
February 1985 
November 1984 
November 1985 
April 1985 
November 1985 
November 1985 
November 1990 

16,816 ±2,946 
16,846 ±3,257 
2,899 ±454 
2,542 ± 634 
2,172 ±552 
1,938 ±491 
8,100 ±1,073 

10,742 ±1,579 

Bayliss and Freeland (1989) 

Marsh and Saalfeld (1989) 

Marsh and Saalfeld (1989) 

Marsh and Saalfeld (1989) 
*Marshetal. (1993) 

Northern Territory, Australia. 
5 Northern Great Barrier Reef region, Queensland, Australia. 
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Fig. 2. The estimated density of dugongs (Dugong dugon) in each 
block in the northern Great Barrier Reef region in Australia 
in 1985 (Marsh and Saalfeld 1989) plotted against the 
estimated numbers in the same blocks when the survey was 
repeated in November 1990 (Marsh et al. 1993). The line 
illustrates equal densities in the two surveys and is not the 
fitted regression line represented by the r value. 

in this paper. I recommended a resurvey interval of 5 years 
to the management agencies. Although the expected small 
population-size changes will probably not be detected in less 
than a decade, a 10-year interval between surveys could 
cause unwarranted delays in the management response if 
numbers were declining rapidly. In addition, personnel 
changes would make it difficult to guarantee continuity of 
the methodology if the survey interval was much longer than 
5 years. 

The greatest weakness of the technique is its dependence 
on the unvalidated assumption that the proportion of du- 
gongs on the surface is constant. Data are urgently needed 
to examine this assumption and, if it is incorrect, to develop 
additional methods of compensating for the variability in the 
proportion of dugongs that are not visible to observers. 

The method also must be modified so that local changes 
in dugong densities can be monitored, a modification that 
may be relevant to the needs of surveying manatees in large 
bays, lagoons, and estuaries. Theoretically, this goal can be 
achieved by increasing the sampling fraction and the fre- 
quency of surveys, which have yet to be empirically con- 
firmed. 

Applicability of the Technique to 
Surveys of Manatees 

Lefebvre et al. (1995) provided a corresponding review 
of techniques and problems with surveys and current meth- 
ods of estimation of population sizes of Florida manatees. 

Manatees inhabit rivers or coastal and estuarine waters and 
seemingly require access to freshwater (Hartman 1979), 
whereas dugongs are strictly marine and in some areas feed 
tens of kilometers offshore. Thus the spatial dimensions tend 
to be more linear in manatee habitats than in dugong habitats. 
The spatial design of manatee surveys must reflect these 
differences, and parallel transects probably will be useful 
only in large bays, estuaries, and lagoons. However, the 
distinction between perception and availability bias (Marsh 
and Sinclair 1989a) is relevant to manatee surveys, and the 
methods developed to overcome these biases in dugong 
surveys have potential application for surveys of manatees. 
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Abstract. Aerial surveys are the primary means of obtaining information on Florida manatee 
(Trichechus manatus latirostris) distribution and abundance. Results have been used to derive 
minimum estimates of population size; these are composite counts with unknown variance which 
cannot be statistically compared across surveys or years. The need to establish population estimation 
techniques with aerial surveys or other methods and to control or correct for the many variables that 
influence counts was identified as a high priority in the Florida Manatee Recovery Plan. 
Aerial-survey-based estimates of manatee abundance are biased because of visibility and sampling 
problems. Visibility bias is the proportion of unobserved manatees in the survey area. Two types of 
visibility bias were defined by Marsh and Sinclair: perception bias (proportion of the target species 
present and visible in the survey area but not observed) and availability bias (proportion of the target 
species present but not visible). A third type of bias in surveys of manatees in aggregation sites in 
winter is absence bias (proportion not present in the survey area and for which the count is not 
corrected). Several environmental, behavioral, and procedural factors are related to the degree of 
survey bias. The current approach to compensating for variability in these factors is variable survey 
effort. The greater the difficulty is in counting manatees because of water turbidity, group size, and 
other factors, the longer the aircraft circles a particular site. Further investigation is needed of the 
relations among survey effort, environmental variables, manatee behavior, and counts. Research is 
needed to improve survey design and technique and to reduce survey bias. 

Key words: Aerial survey, availability, bias, population estimate, Florida manatees, trend, visibility. 

The Florida manatee (Trichechus manatus latirostris) 
is a subspecies of the West Indian manatee (T. manatus), 
which also occurs in coastal waters and rivers of the Gulf 
coast of Mexico, the Caribbean coast of Central America, 
northern South America, and the Greater Antilles. The two 
other species of manatees are the Amazonian manatee 
(71 inunguis) and the West African manatee (T. senegalen- 
sis). Manatees, like their closest living relative, the dugong 
(Dugong dugon), are tropical to subtropical in distribution 
and are classified as threatened or endangered. Florida 
manatees are near the northern limit of the species' range, 
yet they probably represent one of the most abundant 
populations of the West Indian manatee (Lefebvre et al. 
1989). Aerial surveys are the primary means of obtaining 
information on manatee distribution and relative abun- 
dance in Florida (Ackerman 1995). Aerial survey results 
have been used to derive minimum estimates of the mana- 
tee population size in the state. These are actually compos- 
ite counts rather than estimates and are biased by a variety 
of factors that prevent complete enumeration or unbiased 
extrapolation of manatees in survey areas. The composite 
counts also have an unknown variance, thus, the popula- 
tion-size trend (upward or downward) cannot be deter- 
mined from survey results. This is hardly an optimal 
situation. Managers must detect downward trends before 
they become irreversible. 

The two ultimate goals in aerial-survey research are the 
development of indices of abundance that accurately reflect 
trends and the development of population-size estimation 
procedures that allow comparisons of manatee numbers at 
different sites within and across years. The objectives of 
managers who use the results of aerial surveys are the 
determination of trends in manatee distribution over time, 

the estimation of total manatee abundance, and the determi- 
nation of trends in manatee abundance over time, particu- 
larly the detection of any decline in manatee abundance. 
Researchers and managers generally agree that current aerial 
survey methods are useful for meeting the first objective but 
not for the second and third objectives. 

The U.S. Fish and Wildlife Service and the U.S. Marine 
Mammal Commission sponsored research during 1982-85 
to improve manatee population indices from aerial surveys 
(*2Packard and Mulholland 1983; *Packard 1985; Packard 
et al. 1985, 1986, 1989). This research revealed many 
sources of bias in the surveys and indicated that methods to 
reduce bias in the visibility of manatees should be explored. 
The need to establish unbiased population-size estimation 
techniques with aerial surveys or with other methods was 
identified as a high priority in the revised Florida Manatee 
Recovery Plan (*U.S. Fish and Wildlife Service 1989). A 
Manatee Aerial Survey Technical Meeting was held in 
December 1987 to review the current state of the art in aerial 
surveys of manatees and to determine whether models of 
manatee visibility can be developed, tested, and used to 
correct for various sources of survey bias. We here report 
the findings of the 1987 meeting and provide a report of 
research since that meeting, including insights and recom- 
mendations provided by the participants of the February 
1992 Technical Workshop on Manatee Population Biology. 
Our intended audience is technical and non-technical per- 
sonnel, including managers, interested non-scientists, and 
researchers. Thus we do not attempt to use detailed statistical 
terms. Readers who wish to learn more about the different 
types of survey techniques described here should refer to the 

■ An asterisk denotes unpublished material. 
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cited literature. Results of recent and ongoing aerial surveys 
of Florida manatees are described by Ackerman (1995). 

Types of Aerial Surveys of 
Manatees 

Packard (* 1985) described three aerial survey techniques 
used to assess manatee distribution and abundance: the 
extended-area, intensive-search, and unit-recount tech- 
niques. The extended-area technique is used to determine 
manatee distribution in areas surrounding a winter refuge or 
in broad areas that are distant from a winter refuge and is 
usually conducted throughout the year to detect changes in 
seasonal and local distribution over several years. Shane's 
(1983) surveys of the Indian and Banana rivers are examples 
of extended-area techniques. Intensive-search and unit-re- 
count techniques are used in winter refuges, when manatees 
are highly aggregated after the passage of cold fronts. 

Intensive-search Technique 

Irvine (1982) described the intensive-search technique. 
Surveyors strive for comprehensive coverage of probable 
manatee habitat in a well-defined region, usually an aggre- 
gation site in winter. Manatees in Florida must move to 
natural or artificial warm-water sites during winter, and 
biologists have taken advantage of this situation by timing 
aerial or ground surveys to coincide with periods when 
manatees are probably aggregated at warm-water sites. The 
use of warm-water effluents is triggered by drops in ambient 
water temperature below about 20° C, and manatees may 
move hundreds of kilometers to reach these refuges (O'Shea 
1988;Reidetal. 1991). 

Intensive-search techniques follow a general survey 
route until manatees are sighted; groups are then circled until 
repetitive counts are consistent. Survey effort may differ 
among survey dates, so that variation from differences in 
effort cannot be distinguished from variation in actual abun- 
dance (*Packard 1985). Even when surveys are replicated, 
variation in replicates has been ignored in favor of using the 
highest count of the series. Packard (*1985) called the 
obtained numbers a maximum-count index. No estimate of 
error is associated with a maximum count. 

Since 1977, the Florida Power and Light Company has 
sponsored intensive-search surveys in winter at five of their 
power plants and at several other warm-water aggregation 
sites (Fig. 1; *Rose and McCutcheon 1980; *Raymond 
1981; *McGehee 1982; Reynolds and Wilcox 1985,1986; 
Reynolds * 1989, * 1990, * 1991). Biologists with the Sirenia 
Project and with the Chassahowitzka National Wildlife Ref- 
uge have conducted aerial surveys in winter of the aggre- 
gated manatees in Kings Bay and in the Crystal River since 
1978 and in the Homosassa River since 1983 (Fig. 1). 

Unit-recount Technique 

The unit-recount technique was the first attempt to design 
aerial surveys with standardization, replication, and stratifi- 
cation. The study area is divided into survey units and 
stratified so that survey effort is consistent among units in 
each stratum. The primary stratum includes warmer waters 
(e.g., thermal plumes from power plants) where manatees 
aggregate during cold periods and receives the greatest 
survey effort. Manatees are counted five times in primary 
units and at least once in secondary and tertiary units during 
each survey (*Packard 1985). 

Packard (*1985) and Packard et al. (1986) developed 
the unit-recount technique to monitor annual trends in 
manatee abundance at specific winter refuges. Packard 
(*1985) envisioned the development of standardized unit- 
recount procedures at six major aggregation sites: Crystal 
and Homosassa rivers, Tampa Bay, and Fort Myers on the 
Gulf Coast of Florida; Indian River, Riviera Beach, and 
Port Everglades on the Atlantic Coast (Fig. 1). 

The unit-recount technique was developed in Fort Myers 
during 1984-85 (Packard et al. 1986), and one of the indices 
obtained with this method, the sight-resight index, was used 
again in Fort Myers during the following winter (Packard 
et al. 1989). However, the sight-resight index has not been 
used by other survey biologists, and the unit-recount tech- 
nique has only been tested at one other winter refuge, the 
Crystal and Homosassa rivers (Lefebvre and Kochman 
1991). 

Statewide Technique 

The first statewide attempt to count manatees by aerial 
surveys was made in summer 1973 during a 6-week period 
and resulted in an estimate of 750-850 manatees (Table 1; 
♦Hartman 1974). Hartman was also the first biologist to 
attempt correction of raw counts based on his best guess that 
90% of the manatees in clear water, 50% of those in moder- 
ately turbid water, and 10% of those in highly turbid water 
are visible from the air. He did not provide details of how 
these correction factors were obtained. Irvine and Camp- 
bell's 1976 count in winter (during a 6-day period) of 738 
manatees is uncorrected (Table 1), but these researchers 
assumed that they undercounted and guessed that the mana- 
tee population size was between 800 and 1,000 (Irvine and 
Campbell 1978). The statewide minimum estimate was 
updated in 1985 to 1200 based on a composite of surveys of 
manatees in aggregation sites in winter and other data 
(O'Shea 1988). 

The statewide synoptic technique, coordinated by the 
Florida Marine Research Institute, Florida Department of 
Environmental Protection, is a marathon event that com- 
bines the methods of the intensive-search and extended-area 
techniques. Three synoptic surveys have been conducted 



66    INFORMATION AND TECHNOLOGY REPORT 1 

Florida Manatee's 
Winter Range 
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Fig. 1. Important warm water aggregation sites and winter range of the Florida manatee (Trichechus manatus latirostris). Aerial 
surveys are conducted every year over the Crystal and Homosassa rivers and over several coastal power plants. Counts on the 
ground of manatees at Blue Spring are obtained each winter. 

Table 1. Statewide minimum estimates of Florida manatee 
(Trichechus manatus latirostris) abundance based on 
aerial surveys conducted between 1973 and 1992. 
Sources of data are shown on the right. 

Minimum 
estimate Source 

750-850 Hartman (1974) 
738 Irvine and Campbell (1978) 
800-1,000 *Brownell et al. (1981; no new data) 
1,200 FP&La, FDNRb, and USFWSC surveys (1985) 
1,268 FDNR statewide survey, 23-24 January 1991 
1,465 FDNR statewide survey, 17-18 February 1991 
1,856 FDNR statewide survey, 17-18 January 1992 
a FP&L = Florida Power and Light Company. 

FDNR = Florida Department of Natural Resources. 
c USFWS = U.S. Fish and Wildlife Service. 

through January 1992, two in 1991 and one in 1992. Acker- 
man (1995) described the objectives and methods of agen- 
cies who made the surveys, and provided the results. 

Although there is considerable doubt that the counts 
(Table 1) represent the actual population-size trend, mana- 
tee biologists probably agree with Eberhardt's (*1982) con- 
clusion that a substantial fraction of the population is repre- 
sented in maximum aerial counts of manatees at power 
plants and warm-water springs. The aggregation at Blue 
Spring on the St. Johns River (Fig. 1) cannot be surveyed by 
air because of overhanging branches; however, the rela- 
tively small number of manatees that use this site (<90) and 
the high proportion of distinctly scarred individuals 
make direct enumeration by ground observation possible. 
Although surveys have also been conducted at many sites in 
Florida in non-winter seasons (Shane 1983; Powell and 
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Rathbun 1984; Kinnaird 1985), the relative effectiveness of 
aerial surveys in winter or in other seasons for estimating 
abundance or detecting trends is unknown. At the 1987 
Manatee Aerial Survey Technical Meeting, the participants 
assumed that aerial surveys at aggregation sites in winter 
would continue to be the primary focus of research, although 
much of what the participants discussed could also apply to 
other sites and seasons. 

Eberhardt (*1982) noted that an improved size estimate 
of manatee populations would lead to some confusion and 
controversy because reported abundance could increase 
over the years, whereas actual numbers may be decreasing. 
For example, although recent minimum estimates of mana- 
tee abundance were not improved statistically, survey cov- 
erage of important manatee wintering sites undoubtedly 
improved, leading to an apparent increase in counts. Further- 
more, even if survey methods are improved so that more 
accurate, statistically valid size estimates of manatee popu- 
lations can be made, a statistical detection of a decline may 
never be possible because of the relatively small population 
size in a survey region (Taylor and Gerrodette 1993). Esti- 
mates with a precision of 12% at best were obtained with the 
fixed-width transect technique in surveys of dugongs; for 
example, detection of a 5%/year decline in dugong abun- 
dance to a level where only 63% of the population remained 
would require almost a decade (Marsh 1995). 

Survey Bias 

Types of Bias 

The problems with aerial-survey sampling of manatee 
population abundance are caused by biases in count-based 
estimates. Bias is the difference between the estimated value 
and the true value of a parameter (in this case, population 
size). Unbiased estimators of population size do not exist in 
most situations (not even of humans). Unbiased estimates 

are difficult to obtain because of problems with unequal 
visibility (also called observability) and sampling. A count- 
based statistic, C, is related to the true population size, N, by 
a proportionality constant, ß: 

N=C/$ (1) 

where ß is the proportion of the population represented by 
the count or the probability that a given manatee will be 
seen and counted (Lancia et al. 1994). 

The closer the surveyor can get physically to the individu- 
als that are counted, the smaller the bias in the estimator. 
Thus, aerial sampling, which keeps the observer at a distance 
from individuals in the population, tends to result in biased 
estimators. The fact that manatees are not always at the 
surface or visible when submerged obviously compounds 
the problem. Two types of visibility bias in dugong and sea 
turtle surveys were defined by Marsh and Sinclair (1989; 
Table 2). Perception bias occurs when a manatee group (of 
one or more individuals) is present and visible in the survey 
area but is missed by the observers). Availability bias is the 
proportion of manatees that is present but not visible in the 
survey area. Perception bias is the least problematic source 
of bias; it can be tested and corrected by using at least 2 
observers/survey (Marsh and Sinclair 1989). Availability 
bias depends on location, environmental conditions, and 
manatee behavior and is the source of bias that is most 
difficult to control. 

Another major source of bias in many wildlife surveys is 
the necessity for less-than-complete coverage of the area of 
interest (Lancia et al. 1994). Typically, sample areas are 
randomly selected, and the wildlife in a fraction, a, of the 
total area of interest is censused. This approach leads to the 
estimator: 

A A 

N = N'/a (2) 

where a is the proportion of the total coveredf area, TV' is 
the count for the covered area, and $ is the estimate for the 

Table 2. Types of bias that affect aerial surveys of Florida manatees (Trichechus manatus latirostris). 

Visibility bias" (= sightability or observability bias): Proportion of the target species within the survey area that is not observed 
(Gasaway et al. 1985; Packard et al. 1985; Pollock and Kendall 1987; Samuel et al. 1987; Lancia et al. 1994). 

Perception bias (= observer bias): Proportion of groups of the target species that is visible in the transect but is not 
observed (Marsh and Sinclair 1989). 

Availability bias: Proportion of groups of the target species that is present on the transect but not visible (Marsh and 
Sinclair 1989). 

Sampling bias: Proportion of entire area of interest in which the survey actually occurs (Lancia et al. 1994). 

Absence bias: Proportion of the target species that is not present in the survey area and for which the count is not corrected 
(this paper). 

a Authors who used these terms are listed after each definition. 
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total area. Although for many species the sampling fraction 
can be determined with reasonable accuracy, manatees pre- 
sent a greater challenge because of the many types of water 
bodies they inhabit—from residential canals to large bays— 
and the strong seasonal pattern of their movements and 
habitat requirements. Most manatee biologists tend to as- 
sume that their counts represent complete coverage of the 
area in which the survey takes place and do not attempt to 
estimate a sampling fraction. However, even the statewide 
synoptic manatee surveys do not cover all potential manatee 
habitat. 

The statewide synoptic survey is conducted immedi- 
ately after cold fronts to minimize bias caused by ab- 
sence of manatees from the sample areas. Absence bias 
is the proportion of manatees that are not present in the 
survey area at the time of the survey. Manatees may be 
in a different warm-water aggregation site or somewhere 
between different sites. Absence bias affects the ex- 
pected value of the estimate and is more strongly related 
to temporal variability than visibility bias. It can be 
controlled to some extent by timing surveys to coincide 
with periods of high manatee aggregation and with 
knowledge of manatee movements. Absence bias is of 
considerable concern in surveys of manatees in aggrega- 
tion sites in winter. Because the severity and pattern of 
winter cold fronts differ across years, the manatee distri- 
butions among and between aggregation sites may differ 
(♦Packard 1985). To obtain a statewide estimate, surveys 
for manatees must take place at all major aggregation 
sites in a relatively short period to avoid double-counting 
(counting the same manatees twice in different sites) and 
when most of the population is clumped at aggregation 
sites, not dispersed between sites. 

Factors That Cause Bias 

Several factors are known to relate to the effective- 
ness of aerial counts of manatees. These factors are in 
one of three categories: environmental, behavioral, and 
survey-related. Most of the environmental and behav- 
ioral factors influence all three sources of bias (percep- 
tion, availability, and absence) in manatee counts, mak- 
ing it difficult to sort out what, where, and when bias 
correction is needed (Table 3). Most survey-related fac- 
tors, such as height and speed of the plane, time of day, 
and survey dates, can be controlled by the sampling 
protocol (Table 3). Some of the environmental factors, 
such as water temperature, cloud cover, and surface 
condition can be controlled to some extent by appropri- 
ate timing of the survey; however, few of the factors 
related to manatee behavior can be controlled through 
survey methods (Table 3). All environmental and behav- 
ioral factors of visibility bias can vary considerably 
across survey sites, and the development of visibility 

models for manatees in each major aggregation site is 
essential. 

The current method of compensating for variability in 
environmental conditions and manatee behavior is variable 
survey effort: the greater the difficulty in counting manatees 
because of water turbidity or manatee submergence, the 
longer the pilot is directed by the observer to circle a 
particular site. This was described as the variable effort 
recount (VER) method by Lefebvre and Kochman (1991). 
Because this procedure has not been standardized, differ- 
ences may be considerable among observers in how long 
they circle individuals or groups until they are satisfied that 
they obtained the best (highest) possible count. Moreover, 
survey effort is not allocated objectively and consistently 
across surveys; observers decide spontaneously how to al- 
locate effort in each individual survey. Thus, the estimation 
of the sampling fraction is difficult and differs across sur- 
veys. A standardized procedure by which observers evaluate 
environmental conditions also does not exist, although many 
observers record a subjective ranking of sea state (Beaufort 
scale), cloud cover, glare, water clarity, air temperature, 
wind direction, and wind speed at the start of each survey 
(Ackerman 1995). 

Control of Bias 

The problem of bias can be solved with three approaches. 
The best is the development of a sampling design and 
estimation procedure that results in unbiased estimates. One 
attempts to identify sources of bias that can be controlled in 
the design of the sampling scheme, for example, by replica- 
tion, stratification, and proper selection of when and where 
to sample (*Packard 1985). Standardization of survey pro- 
cedures primarily reduces perception bias (Table 3). A 
second approach is the estimation of the amount of bias in 
the estimate and application of correction factors, essentially 
by combining equations (1) and (2): 

Af=C/aß (3) 

so that bias from problems with visibility and sampling are 
corrected (Lancia et al. 1994). The difficulties with this 
approach for manatees are that the degree of bias changes 
with conditions, potentially requiring a large number of 
correction factors, and that complete enumeration is 
rarely, if ever, possible. 

A third approach is the calibration of a population 
index by using ratio estimation or double sampling 
(Eberhardt and Simmons 1987). This approach is based 
on the assumption that a relation between an index value 
and the true population density is known or can be 
estimated. The index value is usually obtained with 
lower sampling intensity and therefore is of lower accu- 
racy than the estimate of the true population density. 
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Table 3. Factors of visibility bias in aerial surveys of Florida manatees (Trichechus manatus latirostris). 

Controllable 
Perception Availability Absence with sampling 

Factors bias bias bias protocol 

Environmental factors 

Water turbidity X X 
Water depth X X 
Distribution of food resources X X 
Background of bottom X X 
Water temperature X X X 
Cloud cover/light X X X 
Surface conditions X X X 
Tides X X X 

Behavioral factors 

Group size X X 
Propensity to aggregate X X X 
Surfacing/diving patterns X X 
Diurnal activities X X X 
Local spatial movements X X 
Seasonal spatial movements X X 
Size (age, sex) X X X 
Response to disturbance X X X 

Survey related factors 

Number of observers X 
Experience of observers/pilot X 
Height of plane X 
Speed of plane X 
Time of day X X 
Length of flight X 
Survey dates X X 
Number of surveys X X 
Flight path X X X 

Manatee population sizes are generally believed to be 
underestimated from aerial-survey counts (*Hartman 
1974; *Eberhardt 1982; »Packard 1985), largely because 
of availability bias. As a result, survey effort has been 
geared to maximize counts rather than to standardize 
counts. However, maximum counts of unknown accu- 
racy are inferior to an index that accurately portrays the 
population-size trend. More attention should be paid to 
the identification of optimal survey conditions that mini- 
mize visibility bias and to the development of survey 
protocols that incorporate information on environmental 
conditions. The geographic (aggregation sites versus 
non-aggregation sites) and temporal (winter versus 
warm seasons) stratification of survey effort should be 
designed to optimize site-specific conditions. 

Perception Bias 

Counts from two independent observers can be used in a 
Petersen estimate (Seber 1982; Pollock and Kendall 1987; 

Marsh and Sinclair 1989) to determine observer variation 
and to estimate the population size of individuals with 
non-zero detection probabilities. The differences among 
observers in the designation of calves and manatee activity 
should also be established. 

Tests of different types of flight paths should be con- 
ducted. Results obtained by the variable effort recount 
method could be compared with those obtained in simulta- 
neous surveys in which the number and location of circles 
are fixed and with surveys with straight flight lines (no 
circling). Straight flight lines provide information on the 
error in sighting of groups, whereas tests of circling effort 
provide information on the error of counting individuals. A 
stopping rule could be developed, so that observers can 
standardize their circling efforts. Variance component mod- 
els can be developed for repeated, fixed-effort surveys to 
determine the most important factors of variability in counts, 
such as survey dates, cold fronts, and survey units (Packard 
et al. 1989, Lefebvre and Kochman 1991). 
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Availability Bias 

The effect of environmental and behavioral factors on 
counts of manatees can be tested by double-sampling strate- 
gies, i.e., from counts on the ground or from a boat, radio- 
telemetry, and counts from airships conducted simultane- 
ously with routine aerial surveys (Ackerman 1995). The 
detection probability of manatees can be estimated by the 
ratio of aerial survey counts to counts on the ground, counts 
from a boat, or counts from an airship or by the proportion 
of radio-tagged manatees seen from the air to all tagged 
manatees in the survey area. Problems with the use of 
radio-tagged manatees for double-sampling experiments are 
that the radio tags are variably visible, which differs from 
the tagged manatee's detection probability (Packard et al. 
1989; Ackerman 1995) and that an adequate sample of 
tagged manatees is probable only in winter when the distri- 
bution of the manatees is highly clumped. This results in 
uncertainty of whether the tagged manatee was actually 
sighted; one may simply know that the tag belongs to one of 
the members of a group. In a strict statistical sense, estima- 
tion of availability bias is dependent on the ability to estimate 
the true population size by an alternative procedure. If the 
estimate from the alternative procedure is consistently bi- 
ased with respect to the survey estimate or count, it still may 
provide information about the population-size trend. 

The use of airships (Ackerman 1995) or some other 
stationary observation platform to obtain close-to-exact 
counts of manatees may be useful for developing models of 
detection probabilities. This approach requires measuring 
(or ranking) environmental and behavioral factors at various 
sites (or at the same site on different dates) and determining 
proportions of manatees not seen during routine surveys. 
Resultant models of detection probability based on the most 
influential factors may be constructed by regression tech- 
niques (Gasaway et al. 1985; Samuel et al. 1987). Environ- 
mental (e.g., depth, turbidity, and temperature) and behav- 
ioral (e.g., resting, feeding) factors are treated as covariates 
that are tied to strata or sighted groups. A theoretical exam- 
ple of the relation among survey effort, water clarity, and 
percentage of present manatees that are seen (Fig. 2) illus- 
trates how information about an environmental variable 
(water clarity) allows correction of manatee counts if effort 
was measured or standardized. Correction factors may also 
be based on direct observation of tagged individuals from 
an airship to determine the proportion of timed intervals that 
individuals are visible, given different environmental and 
behavioral factors. Other new technologies should be ex- 
plored, such as time-depth recorders and infrared multi- 
spectral photography, that may be useful for obtaining finer 
measurements of behavioral and environmental factors. 

Although Packard et al. (1986) did not specifically iden- 
tify availability bias as a type of visibility bias, their sight- 
resight index was intended for the correction of short-term 
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Fig. 2. Theoretical relation of aerial survey effort with counts of 
Florida manatees (Trichechus manatus latirostris) in clear, 
intermediately clear, and turbid water. Establishing such 
relations at important aggregation sites or in different survey 
strata may allow a determination of minimum effort for 
obtaining accurate counts or of correction factors if 
conditions do not permit accurate counts. 

changes in visibility that result from the appearance and 
disappearance of manatees because of obstructions to view- 
ing (what we define as availability bias). Lefebvre and 
Kochman (1991) rejected use of the sight-resight index 
(based on capture-recapture methods) for this purpose be- 
cause of problems with the accurate re-identification of 
individual manatees in successive passes over a survey unit 
and because manatees in aggregation sites tend to be cap- 
tured (resighted) in groups (i.e., their capture probabilities 
are not independent). 

Absence Bias 

To quantify absence bias, regions should be identified 
that encompass aggregations in winter with little short- 
term probability of exchange of individuals with other 
such regions. On the Atlantic Coast, manatees aggregate 
in three major areas or regions during cold periods in 
winter: Blue Spring, the upper Indian River, and Riviera 
Beach to Port Everglades. On the Gulf Coast of Florida, 
four regions can be distinguished: Crystal River, Tampa 
Bay, Fort Myers, and Naples to the Everglades. During 
cold periods in winter, most of Florida's manatee popu- 
lation may reasonably be expected to be in these regions 
and absence bias is therefore minimized. (A relatively 
small number of manatees use industrial effluents in 
northeastern Florida and in southeastern Georgia. These 
regions could be added to the statewide survey, depend- 
ing on the survey objectives and funding in a given year.) 
The survey regions should be stratified so that survey 
effort is proportional to anticipated or known manatee 
densities and distribution. Survey methods can differ 
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among strata, e.g., multiple circling in small units in 
high-density strata and single passes or transects in larger 
units of low-density strata. The sampling fraction in each 
stratum should be determined. 

Packard and Mulholland (*1983) were optimistic that 
an index of manatee abundance in winter aggregation sites 
could be statistically compared among years by an analysis 
of covariance or by some other regression technique. How- 
ever, they concluded that survey data available to them at 
the time were not suitable for such a comparison. Also, 
they were not able to identify a set of conditions that would 
predict optimal conditions for obtaining maximum counts 
in each survey site. More recent count data from surveys 
by the Florida Power and Light Company were analyzed 
with additional temperature covariates to determine popu- 
lation-size trends after correction for differences in winter 
severity across years (Garrott et al. 1995). 

The potential of obtaining consistent, relatively unbi- 
ased estimates of abundance from warm-season surveys 
should be investigated (Ackerman 1995). Weather and 

water conditions may be considerably better in some sur- 
vey regions during the non-winter months, and problems 
with counting large groups would be avoided. A protocol 
should be developed for surveys in non-aggregation areas, 
so that trends in both types of season and regions can be 
compared over years. However, such surveys should not 
be attempted unless statistical power analysis suggests that 
population sizes and precision of the estimates are suffi- 
cient to determine trends over a reasonable time period 
(Gerrodette 1987; Taylor and Gerrodette 1993). 

Recommendations 

The interaction of numerous factors affects our ability 
to accurately census or estimate manatee populations 
with data from aerial surveys (Fig. 3). To determine 
manatee trends in abundance and, ultimately, to estimate 
total manatee abundance, several strategies should be 
employed: development of a protocol for a statewide 

Factors Affecting Manatee Population Estimation 

Fig. 3. Interrelation of factors of estimation of population sizes of Florida manatees (Trichechus manatus latirostris) based on aerial 
surveys. 
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survey of aggregation sites, development of a sampling 
protocol for surveys during warm seasons, and develop- 
ment of correction factors for biased counts. 

Because part of a protocol for a statewide survey is 
dependent on the results of experiments on bias, these 
experiments should be initiated as soon as possible. 
Depending on the results of investigations into the ef- 
fects of covariates such as water temperature, cloud 
cover, or glare on counts, some covariates may be re- 
moved from the survey; a tolerable range of survey 
conditions could be established. Availability bias related 
to manatee behavior and environmental conditions must 
be measured by direct observation from appropriate plat- 
forms or in experiments with double-sampling, so that 
correction factors can be developed. Perception bias can 
be determined by using two independent observers. Ab- 
sence bias can be controlled by identifying regions in 
which manatees aggregate during cold periods in winter, 
and stratifying these regions so that survey effort is 
proportional to manatee density and distribution in the 
survey areas. After experiments are conducted to deter- 
mine the best census conditions and other, less-control- 
lable factors are modeled to determine their influence on 
visibility bias, the final protocol can be developed for a 
statewide survey of aggregation sites. The final protocol 
must be clearly defined to allow reasonable comparisons 
across areas and years and must be easily repeatable from 
year to year. Alternatively, detection probabilities can be 
estimated at specific aggregation sites every year by 
developing sightability models for each site. 

A protocol should also be developed for surveys in warm 
seasons, to provide additional information on the manatee 
population-size trend. In the early stages of protocol devel- 
opment, resulting estimates should be analyzed to determine 
whether trends can be detected, and, if so, the number of 
surveys per year and total number of years required to detect 

trends with the degree of confidence required to permit 
timely response by managers. 

A multi-agency, aerial-survey working group should 
be established to ensure that research needs of survey 
design, survey technique, and correction for survey bias 
are logically and efficiently addressed (Table 4). This 
group should meet periodically to review the progress of 
aerial-survey research and must keep abreast of progress 
in other areas of manatee population research, particu- 
larly mortality patterns (Ackerman et al. 1995) and the 
use of capture-recapture data from recognizable mana- 
tees to estimate survival rates (O'Shea and Langtimm 
1995). The use of survival rates to establish trends and 
the potential development of population-size estimation 
procedures with capture-recapture data may ultimately 
replace the aerial surveys for all but manatee distribution 
information. 
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of Florida manatees (Trichechus manatus latirostris). Establishment of a multi-agency aerial survey group is an 
important first step of setting research priorities, assigning responsibilities for tasks to organizations, and evaluating 
progress. 

Survey design Survey technique Survey bias 

Stratification by habitat type 
(bays, lagoons, rivers, canals, 
complex coastlines) 

Stratification by habitat use 
(primary and secondary units) 

Replication (temporal and 
spatial) 

Total counts versus sampling 
(aggregation site versus 
non-aggregation site) 

Tandem observers 
Recorders 
GPS 
Photography 
Proportion of calves 
Environmental data 

Test assumption that absence 
bias can be controlled by timing 
of surveys 

Double sampling experiments 
(radio tags, airships) 

Correction factors 
Models 
Determine sampling fraction 
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Abstract. The literature and recent unpublished data on the breeding cycle and life history of the 
dugong (Dugong dugon) are summarized. The studies were based on the analysis of carcasses from 
animals accidentally drowned in shark nets or killed by native hunters in northern Australia and in 
Papua New Guinea. Age was estimated by counting the dentinal growth-layer groups in the tusks, the 
deposition rate deduced from the seasonal pattern of growth-layer group deposition. The maximum 
estimated age was 73 years, and the minimum pre-reproductive period was 9 or 10 years in both sexes. 
The pre-reproductive period was variable and ranged to 15-17 years in some animals. Neither males 
nor females were continuously in breeding condition and breeding was diffusely seasonal. A single 
calf was usually born after an estimated gestation period of about 13 months. Calves suckled for at 
least 18 months. Estimates of mean interbirth interval based on pregnancy rates and placental scar 
counts ranged from 3 to 7 years in various samples. Variation between years was marked in the 
proportions of breeding males and females. Reliable data on age-specific fecundity or mortality are 
not available. Population simulations indicated that, with even the most optimistic combination of life 
history parameters and a low rate of mortality, a dugong population probably does not increase at more 
than about 5% or 6%/year. 

Key words: Dugong, Dugong dugon, life history, reproduction, age determination, population 
dynamics. 

The life history of the dugong (Dugong dugon) has been 
studied in northern Australia and in southern Papua New 
Guinea as part of the development of conservation and 
management of this species. However, data from known-age 
animals are not available. No longitudinal information com- 
parable to that about wild Florida manatees (Trichechus 
manatus latirostris; O'Shea and Hartley 1995; O'Shea and 
Langtimm 1995; Rathbun et al. 1995) is available about 
dugongs. In addition, unlike manatees, dugongs have rarely 
been maintained in captivity and have never bred in captiv- 
ity. All information has been obtained from the analysis of 
carcasses of animals that were either killed in native fisheries 
(Bertram and Bertram 1973; Nietschmann 1984; Hudson 
1986) or opportunistically collected when animals inciden- 
tally drowned in shark nets set for the protection of bathers 
(Heinsohn 1972). 

In this paper, I summarize the current understanding of 
dugong life history and breeding ecology to provide a com- 
parative perspective of these features of manatee biology. 

My assessment is based on previously published accounts 
(Marsh 1980,1986; Marsh et al. 1984a, 1984b, 1984c) and 
my emphasis is on aspects of dugong life history that are 
relevant to the parallel research on manatees in Florida. 

Life-history Parameters 

Sex Ratio 

Dugongs from a native fishery at Numbulwar (Northern 
Territory, Australia) sampled by Bertram and Bertram 
(1973) had a preponderance of females (88:143). In contrast, 
a sex ratio close to parity is indicated by other large samples 
from native fisheries (267:237, Western Islands of the Torres 
Strait, Australia, Nietschmann 1984; 218:235, Daru near the 
Papua New Guinean coast in the central Torres Strait, Hud- 
son 1986) and from incidentally drowned animals in shark 
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nets at Townsville, northern Queensland, Australia (44:45, 
Marsh et al. 1984c). 

Maximum Age 

The absolute ages of 75 (Mitchell 1976) and 160 (Marsh 
1980; H. Marsh, James Cook University, unpublished data) 
dugongs from various locations in northern Australia and of 
96 dugongs from Dam (H. Marsh and B. Hudson, James 
Cook University, unpublished data) were estimated. The 
ages were estimated from the number of dentinal growth- 
layer groups in the tusks (Fig. 1); the seasonal layer deposi- 
tion indicates that one growth-layer group is deposited per 
year (Marsh 1980). Estimated minimum ages (<34.5 years) 
are available only of adult male dugongs because their tusks 
erupt and wear after puberty (Marsh 1980). Some more- 
than-40-year-old females also have erupted and worn tusks 
so that their ages are underestimated because of wear. The 
estimated age of the oldest examined female was 73 years 
(H. Marsh, James Cook University, unpublished data). 
However, less than 1.5% of females whose absolute ages 
were estimated were older than 60 years. 

Age at Attainment of Sexual Maturity 

Females 
Dentinal-layer counts and reproductive organs are avail- 

able from 47 females from Townsville and Mornington 
Island (Queensland, Australia) and from 28 females from 
Daru. These data are appropriate for estimating the range of 
ages at which sexual maturity occurs but are insufficient for 
estimating the age at which 50% of the females are mature 
or for quantifying age-related changes in fecundity. 

The ovaries and uteruses of all less-than-8-year-old 
females were small and undeveloped. Those of two 8-year- 
old and four 9-year-old animals from Townsville showed 
some enlargement that suggested approaching maturity; 
macroscopic follicles were present in the ovaries of two of 
the animals (Marsh et al. 1984c). 

The most accepted definition of sexual maturity in 
females is that the animal has ovulated at least once. The 
youngest female with corpora lutea or corpora albicantia 
in the ovaries was a 9.5-year-old nulliparous female from 
Townsville. All 10-year-old or older females from Towns- 
ville were parous and had one or more placental scars in 
the uterus (Marsh et al. 1984a, 1984c). However, data 
from Mornington Island and Daru suggested that the age 
at which females bear their first calves is variable; three 
females from Mornington Island were still nulliparous at 
15-17 years (Table 1). Two of the animals were sexually 
mature because their ovaries contained small numbers of 
corpora lutea or corpora albicantia (Marsh et al. 1984c). 
One 18-year-old female from Daru had recently had her 
first calf. 

Males 

What constitutes sexual maturity in males is complex. 
Attempts to estimate the age of sexual maturity in male 
dugongs have been hampered by the asynchronous, dis- 
continuous pattern of male sexual activity (Marsh et al. 
1984b); difficulties with distinguishing the testicular his- 
tology of pubertal males (those approaching first spermio- 
genesis) from that of mature males with recrudescent 
testes (Marsh et al. 1984b); and small sample sizes in the 
pubertal age range. The data suggested a pre-reproductive 

Fig. 1. A longitudinally bisected tusk 
of a female dugong (Dugong du- 
gori) prepared for age determina- 
tion. One dark band and one light 
band are laid down each year, in- 
dicating that this animal was 21 
years old when it died. 



Table 1. Pre-reproductive periods of female dugongs (Dugong dugon) from various areas. 

Youngest female Oldest female 
Location with placental scar without placental scar 

Townsville 
Mornington Island 
Daru 

10 
14.5 
13 

* One 18-year-old female had recently given birth to her first calf. 

9.5 
17.5 
12a 
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Source of data 

Marsh et al. (1984c) 
Marsh et al. (1984c) 
Marsh (1986) 

period similar to that of females. Most male dugongs from 
Townsville were sexually mature when they were about 9 
or 10 years old, and all 12-year-old or older males from 
Townsville had erupting or erupted tusks. However, some 
dugongs from Mornington Island and Daru that were as 
old as 16 years were immature and their tusks had not 
erupted (Table 2). 

Size at Sexual Maturity 

Marsh (1980) developed growth curves of male and 
female dugongs. The range of body lengths of dugongs of 
a particular age is considerable, and body length as an 
indicator of age is unsatisfactory except for young animals. 
Similarly, the size at which dugongs mature sexually is 
variable of animals of both sexes. The data of Marsh et al. 
(1984c) suggested that less-than-2.2-m-long male and fe- 
male dugongs from northern Australia were immature, 
whereas those longer than 2.5 m were probably mature. 
Dugongs with body lengths between 2.2 and 2.5 m may be 
either immature or mature. There is some evidence (Marsh 
1980) that the asymptotic body length of females is slightly 
greater than that of males. 

Size at Birth 

Nine fetal and nine postnatal dugongs had body lengths 
between 100 and 130 cm. The data are insufficient for the 
50% interpolation method of estimating size at birth rec- 
ommended by Perrin and Reilly (1984). Accordingly, I 
estimated the mean birth length as 115 cm from the lengths 
of the postnatal animals. With this method, size at birth 
tends to be overestimated (Perrin and Reilly 1984); how- 
ever, three fetuses were longer than 115 cm. 

Gestation Period 

I estimated a gestation period of 13.9 months with the 
method of Huggett and Widdas (1951) and Laws (1959) and 
data on the body lengths and dates of deaths of 26 fetuses 
from Daru (Fig. 2). As a result of the small sample size and 
the diffusely seasonal breeding pattern of the dugong, the 
95% confidence interval for this estimate was so imprecise, 
it was meaningless. However, the estimated mean was in 
good agreement with the estimated 12-14 month gestation 
period of captive Florida manatees. (*1Odell et al. 1992; Qi 
Jingfen 1984). 

Length of Lactation 

Data on length of lactation are sparse, especially be- 
cause of the ban on taking females with attendant calves 
in the Daru fishery. A calf of an estimated age of 1.5 years 
(on the basis of dentinal-layer counts) and its presumed 
mother who was still lactating were caught in a shark net. 
This suggested that lactation can last at least 1.5 years 
(Marsh et al. 1984c), even though dugongs start eating 
seagrass soon after birth (Marsh et al. 1982). Pregnancy 
can occur during lactation. I noted one lactating female 
with a 41-cm-long fetus at necropsy (Marsh 1989). 

Litter Size 

One fetus was found in each of the 34 pregnant females 
that scientists examined in recent years. Reports of the 
occasional occurrence of twin fetuses (Norris 1960; Jar- 
man 1966; Thomas 1966; Bertram and Bertram 1968) are 

1 An asterisk denotes unpublished material. 

Table 2. Pre-reproductive periods of male dugongs {Dugong dugon) from various areas. 

Location 

Townsville 
Mornington Island 
Daru 

Youngest male 
with 

mature testes 

Oldest male with 
immature 

testes 

Oldest male with 
unerupted 

tusks 

9 
15 
11 

6 
15.5 
16 

10.5 
15.5 
18 

Source of data 

Marsh et al. (1984c) 
Marsh et al. (1984c) 
Marsh (1986) 
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Fig. 2. The relation between fetal length and day of the year (January 1 is day 1) in dugongs (Dugong dugon) from Dam in the Torres 
Strait. Data from H. Marsh and B. Hudson (James Cook University, unpublished data). 

vague and unsubstantiated. The mean litter size must be 
close to one as in Florida manatees whose twin calves 
account for a low proportion of the total births (Marmontel 
1995; O'Shea and Hartley 1995; Rathbun et al. 1995). 

Pregnancy Rate and Interbirth Interval 

The annual pregnancy rate is usually estimated as the 
percentage of mature pregnant females (including those 
pregnant and lactating) divided by the length of gestation 
in years (Perrin and Reilly 1984). The interbirth interval is 
the reciprocal of the annual pregnancy rate. Calculation of 
the annual pregnancy rate requires accurate knowledge of 
the length of the gestation period. Accordingly, I used the 
apparent pregnancy rate (proportion of pregnant females 
uncorrected for the length of gestation) in the following 
discussion and three estimates of the gestation period (12, 
13, and 14 months) in the estimates of interbirth intervals 
based on pregnancy rates. 

Apparent pregnancy rates of three series of dugong 
carcasses are available: 86 mature-sized females from the 
native fishery at Numbulwar (Bertram and Bertram 1973), 
18 mature females from the Townsville shark nets (Marsh 
et al. 1984c), and 168 mature females from the native 
fishery in Daru (H. Marsh and B. Hudson, James Cook 
University, unpublished data). The females from Towns- 
ville and Daru were classified as mature by the appear- 
ances of their ovaries. 

The probability of detecting a pregnancy increases as 
gestation progresses because of the size of the fetus, and 

some small embryos may have been overlooked, espe- 
cially in examinations in the field. Accordingly, I esti- 
mated the pregnant proportion based on only confirmed 
pregnancies (which tends to provide an underestimated 
pregnancy rate) and on possible pregnancies from females 
with corpora lutea in their ovaries. This tends to provide 
an overestimated pregnancy rate because not all corpora 
lutea are associated with pregnancy (Marsh et al. 1984a). 
Irrespective of the gestation period used in the model or 
whether the pregnancy rate was based on confirmed or 
possible pregnancies, all estimated interbirth intervals are 
long, ranging from about 3 to 7 years (Table 3). These 
estimates are generally higher than those of manatees 
(Marmontel 1995; O'Shea and Hartley 1995; Rathbun 
et al. 1995; Reid et al. 1995). The biases in the dugong 
samples on which these estimates are based are unquanti- 
fied. However, the sample from Daru was probably biased 
in favor of pregnant females. These were regarded as a 
delicacy (Hudson 1986), and there was a ban against 
taking females with young calves (*Hudson 1981). Thus, 
the estimated pregnancy rates of the Daru sample are 
probably high. 

A maximum of nine placental scars has been counted 
in the uterus of a dugong (Marsh et al. 1984a). The inter- 
birth interval can also be estimated by regressing the 
number of placental scars against age of parous dugongs 
if persistence of the scar is assumed. These estimates also 
suggested that the interbirth interval was long: 6.6 years in 
Townsville dugongs and 4 years in Mornington Island 
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Table 3. Estimates of the interbirth interval of various dugong (Dugong dugon) populations based on the annual 
pregnancy rate and three possible gestation periods of 12, 13, and 14 months. Estimates are based on confirmed 
pregnancies (a) and all possible pregnancies (b). 

Number of Estimated interbirth interval for three 
mature 
females 

possible gestation periods (± S.E.) 
Location 12 months 13 months 14 months Source of data 

Numbulwar 86a 3.07 ± 0.47a 3.32±0.55a 3.58±0.62a Bertram and Bertram 
2.69 ± 0.38b 2.91±0.43b 3.14±0.49b (1973) 

Townsville 18 4.50 ±1.98 4.88 ±2.26 5.25 ± 2.55 Marsh et al. (1984c) 
Daru 168 5.79±0.98a 6.28 ± 1.1 la 6.76±1.25a H. Marsh and B. Hudson 

4.94±0.76b 5.35±0.86b 5.76±0.97b (James Cook University 
unpublished data) 

dugongs (Marsh et al. 1984c). The sample sizes on which 
these estimates are based are too small for meaningful 
associated confidence intervals. The difference in the 
mean ages of the dugongs from Townsville with one and 
two placental scars is also 6.6 years. Placental scars do not 
persist in manatees and cannot be used to estimate the 
number of parities (Marmontel 1995). 

Evidence from Daru suggested marked temporal fluctua- 
tions in the apparent pregnancy rate. Hudson (1986) pre- 
sented anecdotal evidence that none of the 35 females caught 
between October 1976 and July 1977 was pregnant. Car- 
casses were collected during the succeeding 4 years (1978- 
82). The proportion of mature females that was pregnant 
increased monotonically from 0.09 to 0.35 during this time 
(Table 4). The difference between years was significant 
(Table 4) and was paralleled by a significant increase in the 
proportion of males with active testes between 1978 and 
1981 (Table 5), suggesting that a common factor was affect- 
ing female and male reproduction during this period. Anec- 
dotal reports (Johannes and MacFarlane 1991) suggested a 
major die-back of seagrasses in the Torres Strait in the 
mid-1970's, and Nietschmann (1984) reported that sea- 
grasses were overgrazed in the Torres Strait during 1976- 
77. Nietschmann and Nietschmann (1981) observed that 

wati dangal (lean dugongs with poor-tasting meat) were 
quite common in the Torres Strait during this period. 

Incidence of Breeding 

The samples from Townsville (Marsh et al. 1984c) and 
Daru (H. Marsh and B. Hudson, James Cook University, 
unpublished data) indicated that neither male nor female 
dugongs are continuously in breeding condition. The ovaries 
of non-pregnant females probably contain follicles or cor- 
pora lutea in the second half of the year. Sterile cycles seem 
to be common (Marsh et al. 1984a) and may occur also in 
Florida manatees (Marmontel 1995, Rathbun et al. 1995). 

Mature male dugongs do not continuously produce 
spermatozoa (Marsh et al. 1984b). Histological examina- 
tion of the testes of 41 pubertal and mature males from 
northern Queensland and 141 mature male dugongs from 
Daru showed that more than half the males in each sample 
were infertile at the time of sampling. Some of these males 
had regressed testes (sensu Marsh et al. 1984b), suggesting 
long-term or permanent sterility (Marsh et al. 1984b). 
Animals with developed testes (fully spermatogenic or 
recrudescent testes sensu Marsh et al. 1984c) were a sig- 
nificantly higher proportion of the sample from Daru 

Table 4. Differences between years (July 1978-June 1982) in the apparent pregnancy rate of dugongs {Dugong dugon) 
sampled at the Daru fishery in Papua New Guinea. Data from H. Marsh and B. Hudson (James Cook University, 
unpublished data). 

Yea 
Number of 

mature females 

1978-79 
1979-80 
1980-81 
1981-82 

75 
47 
29 
17 

11 July through 30 June. 
b Difference between years G = 8.0001,3 df, P = 0.046. 
c Difference between years G = 8.677, 3 df, P = 0.034. 

Apparent pregnancy rate ± S.E. 
Confirmed pregnancies All possible pregnancies 

0.093 ±0.034" 
0.191 ±0.057b 

0.241 ±0.079b 

0.353 ± 0.116b 

0.107±0.036c 

0.255 ±0.064c 

0.276 ±0.083° 
0.353 ±0.116° 
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Table 5. The numbers (%) of mature male dugongs (Dugong dugori) with active and inactive testes between February 
and May and between June and January, sampled at the Daru fishery each year between July and June 1978-1981 
(H. Marsh and B. Hudson, James Cook University, Townsville, Australia, unpublished data). Animals with regressed 
testes were omitted from the table because they may have been permanently sterile (Marsh et al. 1984b). 

February-May June- -January 

Year 
Active                  Inactive 
testes                     testes 

Active 
testes 

Inactive 
testes 

1978-793 

1979-80 
1980-81 

5 (20)                     20 (80) 
7 (37)                     12 (63) 
6 (46)                       7 (54) 

12(71) 
25 (83) 
14 (93) 

5(29) 
5(17) 
1(7) 

The effects of year, season, and testicular activity were not independent (G7 = 42.92, P < 0.001); the effect of year was independent of season and 
of testicular activity (G5 = 10.07, P = 0.074); testicular activity was dependent on season (Gi = 32.86, P < 0.001). 

between June and January than between February and May 
(Table 5). This seasonal pattern of gonadal activity over- 
laps that in females. Spermatogenesis also decreased in 
male manatees in Florida in winter (Hernandez et al. 
1995), and the behavior of mating herds also revealed 
seasonal shifts in frequency (Rathbun et al. 1995). 

Births also seem to be diffusely seasonal in dugongs in 
northern Australia. In the Townsville-Cairns area, du- 
gongs give birth from August-September through No- 
vember (Marsh et al. 1984c). Dugongs with near-term 
fetuses (>110 cm body length) were sampled at Daru 
between July and February (Fig. 2). Seasonal parity has 
been reported of Florida manatees (Marmontel 1995; 
O'Shea and Hartley 1995; Rathbun et al. 1995). 

Natural Mortality 

Reliable data on natural mortality in dugongs are not 
available. An age-frequency distribution can provide life- 
table information and hence survivorship curves, but only 
when it is drawn from a population with a stable age 
distribution and a known rate of change (Caughley 1977). 
The age-frequency data from dugongs at Townsville and 
Daru are not suitable for this analysis. The rates of popu- 
lation change were not known, and the assumption that the 
populations were stable was not valid. The sample from 
Townsville was obtained as a result of a massive increase 
in mortality from the introduction of shark nets. The sam- 
ple from the Daru fishery was obtained during a time of 
rapidly changing harvest levels (Hudson 1986) and was 
not representative because of the ban on taking females 
with attendant calves. An additional problem was that 
minimum-age estimates are available only of mature male 
dugongs because of the loss of growth layers when the 
tusks wear (Marsh 1980). Admitting these limitations, a 
crude estimate of the mortality rate calculated from the 
age-frequency distribution of females drowned in the 
Townsville shark nets (Marsh 1980) was 0.08 with a 95% 

confidence interval of 0.06-0.10 (H. Marsh, James Cook 
University, unpublished data). 

In the absence of reliable natural mortality schedules of 
dugongs, Marsh (1986) constructed a simple population 
model by using two mortality schedules based on those 
developed for population models of another paenungulate, 
the African elephant (Loxodonta africana), by Hanks and 
Mclntosh (1973). This model was extended to three mor- 
tality schedules (Table 6). The typically U-shaped mam- 
malian mortality curve (Caughley 1966) was modeled as 
a step function with levels that corresponded to four dif- 
ferent age groups. 

Population Dynamics 

For each mortality schedule, I constructed population 
models to determine the annual rate of increase of stable 
dugong populations for various combinations of pre-re- 
productive periods and interbirth intervals, chosen to span 
the range of estimates of pre-reproductive periods and 
interbirth intervals obtained from carcass analysis (Ta- 
bles 1 and 3 unpublished data). 

The models were based on six simplifying assump- 
tions: (1) the reproduction rate is independent of age 
during the reproductive part of the female's life span, (2) 
females cease to bear calves at age 50 or 60 (this age has 
a minimal effect on the results; Fig. 3), (3) no females live 

Table 6. Mortality schedules used for the population 
models of dugongs (Dugong dugori). Mortality is 
expressed as % of population in various age categories 
dying per year. 

 Age in years  
0-4 5-^5      45-55     55-60 

Low mortality 
Medium mortality 
High mortality 

5 
10 
20 

50 
50 
50 
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Fig. 3. The effects of the mortality schedules defined in Table 6 and age at which the first calf is born at the annual rate of increase 

of a dugong (Dugon dugon) population with a mean interbirth interval of 3 years. The two graphs of the low mortality schedule 
show the effect of changing the age at which females bear their last calves at ages 50 to 60. For the medium and high mortality 
schedules, the graphs are based on the assumption that females bear their last calves at age 60. 

beyond age 60 (only 1.5% of females of which absolute 
age estimates are available were older than 60 years), (4) 
the sex ratio at birth is 1:1, (5) immigration and emigration 
do not occur, and (6) the anthropogenic mortality is zero. 

Each asymptotic rate of increase was determined by 
executing the appropriate Leslie matrix model over a 
100-year period with an approximate initial stable age 
distribution that was determined from an analogous con- 
tinuous model (Pollard 1973). The resultant asymptotic 
rates of increase were confirmed by using them to modify 
the conditions of the simulation model. 

The models indicated that the expected maximum 
asymptotic annual rate of increase of an unharvested 
dugong population is only 6.3% even with the most 
optimistic combination of life-history parameters de- 
rived from the carcass samples and a schedule of low 
mortality. If the parameters suggested by the Daru sam- 
ple apply (pre-reproductive period 12 years, interbirth 
interval 6 years), the estimated annual rate of increase is 
only 2.4%. The simulations of Marsh et al. (1984c) and 
Marsh (James Cook University, unpublished data) also 
indicate the sensitivity of the models to changes in sur- 
vivorship, particularly adult survivorship, and interbirth 
interval (Fig. 3; Table 7). The models are less sensitive 
to changes in the age at first reproduction (Table 7). 
These patterns are consistent with those predicted by 
Eberhardt and Siniff (1977) in marine mammals and by 
Packard (*1985) and Eberhardt and O'Shea (1995) in 
manatees. 

Implications for Conservation 

Despite the limited sample sizes, the analyses of speci- 
mens from dugong carcasses from various locations in 
northern Australia and Papua New Guinea indicated that 
the dugong is a long-lived mammal with a low reproduc- 
tion rate. The data suggested plasticity in the age and size 
at which dugongs mature sexually, but the causes of such 
variation are not known. Neither mature males nor females 
are continuously in breeding condition, and breeding is 
diffusely seasonal (Marsh et al. 1984a, 1984b, 1984c). The 
data from Daru suggested considerable differences be- 
tween years in the proportions of breeding males and 

Table 7. Annual rate of increase of a stable dugong 
(Dugong dugon) population at various combinations of 
pre-reproductive period and interbirth interval; the 
assumed mortality schedule is age 0-4 years (5%), 
5-45 years (1%), 46-55 years (5%), 56-60 years 
(50%), and females are assumed to reproduce until they 
die. 

Mean pre-reproductive Mean interbirth interval 
period (year) 3 5             7 

9 6.3 3.7          2.2 
11 5.6 3.3          2.0 
13 5.1 3.0          1.7 
15 4.7 2.7          1.5 
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females. Anecdotal evidence links these fluctuations in 
breeding with changes in food availability. 

Goodman (1981) pointed out that large mammals have 

a particular life table; survival is high, fecundity is low, 
and sexual maturity is usually late. The dugong is an even 
more extreme example of this life-history strategy than the 
Florida manatee (Eberhardt and O'Shea 1995; Marmontel 
1995). If dugongs are to be conserved, survivorship must 
be high and anthropogenic mortality, low. 

As explained by Marsh (1995), the range of the dugong 
in Australia extends over a vast area in which all causes of 

anthropogenic mortality cannot be prevented. Such pre- 

vention is unacceptable because it would not allow tradi- 

tional hunting. A more practical approach is to provide a 

high level of protection in areas that support large numbers 

of dugongs. This protection must extend to the seagrass 

habitat and to the dugongs. Such a policy of zonal ecosys- 

tem management exists in the Great Barrier Reef Marine 

Park (*Great Barrier Reef Park Authority 1983,1985) and 
is being extended to other regions by the Australian Gov- 

ernment's Oceans 2000 program to establish a national 
system of protected marine areas. 
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Abstract. A histological study of the testes and epididymides of the Florida manatee (Trichechus 
manatus latirostris) was made to assess reproductive status. Testes or epididymides of 67 animals 
were examined for presence and abundance of sperm. In addition, qualitative and quantitative 
examinations of the seminiferous tubules from 31 manatees, ranging in length from 98 to 320 cm (total 
length), revealed 10 stages in the spermatogenic cycle. The shortest manatee in which spermiogenesis 
occurred was a 237-cm-long, 2-year-old. Males as short as 252 cm had fully spermatogenic testes, and 
one 255-cm-long individual was 2-3 years old. Spermatogenesis was not continuous and was 
significantly affected by season. In winter (December through February), sperm were found in either 
the testes or epididymides of only 13% of the recovered manatees that measured 241 to 280 cm, and 
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in 25% of those longer than 280 cm. In contrast, 75% of the 241- to 280-cm-long manatees and 93% 
of the greater-than-280-cm-long animals recovered in non-winter months (March through November) 
had mature sperm. Of the manatees recovered in winter, none was fully spermatogenic and most had 
regressed seminiferous tubules (characterized by immature cell stages and reduced diameters), 
suggesting reduction, if not cessation, in the ability to impregnate females. 

Key words: Florida manatees, reproduction, spermatogenesis, testes, Trichechus manatus latirostris. 

In contrast to the dugong (Dugong dugon) for which 
excellent data on reproduction in males (at the gross and 
microscopic levels) have been available for some time 
(Marsh et al. 1984), relatively little effort has been fo- 
cused on the reproductive tracts from male Florida mana- 
tees (Trichechus manatus latirostris). Observations of 
behavior revealed that mating may occur year-round but 
may be seasonally depressed during winter (Hartman 
1979; Rathbun et al. 1995), but the reproductive status 
of males, in terms of spermatogenic activity, has not been 
examined by season or by age and size of the animals. 

A preliminary description of reproductive tracts in 
male manatees (*3Odell et al. 1981) revealed that tes- 
ticular weight increased exponentially with body length 
in 275 to 290-cm-long animals; this observation led the 
authors to the conjecture that sexual maturity in male 
manatees occurred at a body length of 275 cm or greater, 
corresponding to estimated ages of 9-10 years. The 
figure of 9 to 10 years was based on the growth of some 
captive-born manatees of known age. In contrast, Hart- 
man (1979) suggested, based on behavior of wild mana- 
tees, that sexual maturity occurs at about 3-5 years of 
age. 

Odell et al. (*1981) noted that even large manatee 
carcasses recovered in winter had relatively small testes 
that were brown and from which no evidence of sperm 
could be found in smears. Conversely, testes from car- 
casses with comparable body lengths that were recov- 
ered in seasons other than winter were larger and white; 
however, smears were not available from these car- 
casses. Odell et al. (* 1981) suggested a seasonal cycle in 
testicular activity and significantly less activity in win- 
ter. 

With routine histological techniques and a recent tech- 
nique for aging manatees (*Marmontel et al. 1990), we 
describe the reproductive status of male manatees, including 
some of known age that were recovered by the manatee-car- 
cass-salvage network (*Bonde et al. 1983). The data provide 
information about age at onset of sexual maturity, variability 
in that age, and seasonality of spermatogenic activity. These 
data are useful for an understanding of the life history and 
population dynamics of manatees. 

3 An asterisk denotes unpublished material. 

Materials and Methods 

Tissues from reproductive tracts of 68 male manatees 
were obtained between April 1975 and February 1985 
through a carcass-salvage network (*Bonde et al. 1983). 
At necropsy, collected data included body length and 
condition of the animal prior to death (reflected by quan- 
titative or qualitative assessment of blubber or body-fat 
thickness). Animals recovered throughout the year were 
included in this study. Gonads or epididymides from all 67 
manatees were examined for the presence of sperm. Tis- 
sues from 31 of the animals were of sufficient quality (i.e., 
had minimal autolysis) to permit analysis of seminiferous 
tubules for precise stages in the spermatogenic cycle. 
Manatees were arbitrarily separated into three size catego- 
ries: 98- to 240-cm length, 241 - to 280-cm length, and 281 - 
to 320-cm length. The lower limit of the final size category 
corresponds approximately to the length at which Odell 
et al. (*1981) found that testicular weight increased expo- 
nentially, and the upper limit corresponds to the length of 
the largest animals in this sample. 

Although testicular weights of some animals were pro- 
vided, records and notes at necropsies were unclear about 
whether the weight was for one or both testes or whether 
the epididymis had been completely trimmed. Therefore, 
we did not use testicular weights but focused on the 
histological determination of sexual maturity. 

Ages were estimated from counts of growth-layer 
groups in the dome region of the tympano-periotic com- 
plex (*Marmontel et al. 1990). An age of 1 was used to 
designate an animal 1-2 years of age, 2 indicated an 
animal 2-3 years old, and so on. Bone resorption or other 
changes in the layers precluded accurate age determina- 
tion of some old manatees. 

During necropsy, samples from the epididymides or 
testes were excised for histological examination and 
fixed in 10% buffered formalin. Although whole testes 
were occasionally preserved, often only one piece was 
excised. The precise locations from which these samples 
were taken was generally not noted and was presumably 
not consistent. Fixed tissues were dehydrated in an etha- 
nol series, cleared in xylene, embedded in Paraplast, and 
sectioned at 6 |i.m. Sections of testis were stained with 
hematoxylin and eosin (H and E). Epididymides and 
testes were also stained with Putt's stain (Appendix) to 
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detect the presence of sperm. No testes were serially 
sectioned. 

Many of the 67 manatees assessed for the presence of 
sperm had seminiferous tubules that were severely 
autolyzed. In specimens with good quality of the pre- 
served tissues, seminiferous tubules were assessed in 
two ways. Diameters of 50 seminiferous tubules were 
measured at 400x with an ocular micrometer. The same 
tubules were then analyzed with phase analysis, in which 
a numerical value was assigned to each tubule based on 
certain cellular associations in the seminiferous epithe- 
lium. Each section from the testes typically contained at 
least 50 round seminiferous tubules. In rare cases when 
only small sections were available, two or more separate 
pieces from the testes were examined to locate 50 round 
tubules. If consecutive sections through the same piece 
of tissue had been used, biased data may have been 
collected because consecutive sections probably in- 
cluded the same plane through the seminiferous tubule. 

A series of 10 phases was recorded after the same 
criteria as Marsh et al. (1984). Phases -4 to 0 (Fig. 1) 
represent seminiferous tubules in which spermatogene- 
sis was either arrested or incomplete and Phase -4 sug- 
gest total inactivity. Phases 0 through +5 represent active 
spermiogenesis as round spermatids mature into sperma- 
tozoa (Fig. 2). The mean seminiferous tubule phase of 
any given animal (termed the testicular stage) was used 
for comparisons among animals. A manatee was consid- 
ered fully spermatogenic if the testicular stage was a 
positive number (i.e., the mean tubule phase was be- 

tween 0 and +5). Testes at this stage were undergoing 
active spermiogenesis, characterized by a distinct cellu- 
lar organization of the seminiferous epithelium (Marsh 
et al. 1984). With similar categories of Marsh et al. 
(1984), 31 manatees were placed in three reproduction 
categories: 29% immature; 29% mature in resting or 
intermediate state, recrudescent (undergoing spermio- 
genesis) or prepubescent; and 42% fully spermatogenic 
(undergoing spermatogenesis). The term/M//y spermato- 
genic is used here to imply a stage at which most seminif- 
erous tubules were undergoing spermiogenesis, during 
which spermatozoa were produced (Marsh et al. 1984). 

Data were examined for normality and found not to 
conform to necessary assumptions to justify the use of 
parametric statistics. Nonparametric statistics were used 
for comparisons of reproduction among seasons and size 
classes and for correlation analyses. The Kruskal-Wallis 
test was used to determine significant differences in 
testicular histology and tubule diameter among the three 
size categories of the carcasses, and between carcasses 
that were recovered in winter and carcasses that were 
recovered in seasons other than winter. Spearman's rank 
correlation test was used to determine significant corre- 
lations between testicular stage and animal length and 
between testicular stage and diameter of seminiferous 
tubules. The latter was tested to determine a fast and 
simple method by which reproductive status can be de- 
termined from histological samples. A probability value 
of 0.01 was chosen to represent significant results from 
all analyses. 
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Fig. 1. Early and regressed phases of 
spermatogenesis in Florida mana- 
tees (Trichechus manatus latiros- 
tris). (A) Phase -4, the most im- 
mature stage, is characterized by 
Sertoli cell nuclei (S) and sperma- 
togonia (SP) lining the periphery 
of the seminiferous tubule. 
(B) Phase -3, similar to Phase -4 
with a few primary spermatocytes 
(P). (C) Phase -2, like the pre- 
vious phases but with numerous 
primary spermatocytes. Seminif- 
erous tubules at this phase may be 
open or closed. (D) Regressed tu- 
bule in Phase -3. This condition is 
characterized by a few primary 
spermatocytes, increased diame- 
ter of the lamina propia (LA), de- 
creased tubule diameter and in- 
creased cross-sectional area of 
interstitial tissue (note Leydig 
cells, L). All samples were stained 
with hematoxylin and eosin and 
photographed at 100X. 
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Fig. 2. Several seminiferous tubules 
from Florida manatees (Trichechus 
manatus latirostris) undergoing 
spermiogenesis. Diameters of 
seminiferous tubules are larger than 
in Fig. 1. (A) Phase 0. Primary and 
secondary (SE) spermatocytes and 
round spermatids (RT) are present 
(B) Phase +2. During this phase, 
spermatogonia and Sertoli cell nu- 
clei line the basement membrane. 
Primary and secondary spermato- 
cytes are organized into layers with 
elongating spermatids (ET) along 
the lumen. (C) Phase 44. This phase 
includes round (RT) and elongating 
(ET) spermatids. (D) Phase +5. 
Round spermatids and spermatozoa 
line the tubule lumen. All samples 
were stained with hematoxylin and 
eosin and photographed at 100X. 

Results 

Staged Testes 

Different cellular associations of the seminiferous epi- 
thelium characterized the different phases. Phase -4, the 
least active phase, was represented by essentially solid 
tubules lined with spermatogonia and occasional Sertoli 
cells. The underlying lamina propria was relatively thick 
(5-10 um) during this phase. The next phase, -3, included 
tubules with small numbers of primary spermatocytes in 
addition to already mentioned cell types. Phase -2 tubules 
had numerous primary spermatocytes. The lumen of the 
tubule became evident during Phase -1, at which time the 
different cells of the seminiferous epithelium became or- 
ganized into layers that included some secondary sperma- 
tocytes. Phase 0 tubules contained a few rounded sperma- 
tids in addition to the already named cell types. 

Tubules assigned to Phases 1 through 5 were found in 
animals undergoing spermiogenesis, during which the 
haploid spermatids transformed into spermatozoa (Fig. 
2). Tubules in Phase 1 had Sertoli cells with basal nuclei 
and spermatogonia lining the periphery of the tubules 
and primary and secondary spermatocytes and round 
spermatids organized into layers. Phase 2 tubules con- 
tained spermatids beginning to elongate and becoming 
associated with Sertoli cells. Phase 3 tubules were char- 
acterized by well-organized spermatid bundles associ- 
ated with Sertoli cells and maturation divisions among 
primary and secondary spermatocytes. In contrast to 
Phase 3, two generations of spermatids (round and elon- 
gating) were present in Phase 4. Sperm (with tails) lined 

the entire lumen of tubules in Phase 5. Phase 6, identified 
by Marsh et al. (1984), represented by spent tubules at 
the end of a period of sexual activity, was not identified 
in this study. 

Testicular stage and diameter of seminiferous tubules 
strongly correlated (Fig. 3; n = 31; Spearman's rank cor- 
relation test; r = 0.815). A higher correlation existed be- 
tween diameter of seminiferous tubules and age (Fig. 4; 
n = 26; Spearman's rank correlation test; r = 0.770) than 
between testicular stage and age (Fig. 5; n = 18; Spear- 
man's rank correlation test; r = 0.487). Increases in diame- 
ter of seminiferous tubules and testicular stage were sharp 
in animals that were longer than approximately 250 cm 
(Figs. 6 and 7). 

The tubule diameter (Fig. 6; n = 31; P = 0.0001), tes- 
ticular stage (Fig. 7; n = 31; P = 0.0008), and presence of 
sperm in the testis or epididymis (Fig. 8; n = 29, 
P = 0.0012) of manatees differed by size class. Testicular 
stage (P = 0.05, n = 11) or diameters of tubules (P = 0.016, 
n = 17) did not differ by size category during winter 
months because regressed testes were histologically indis- 
tinguishable from immature testes. 

Lack of testicular weights made it impossible to differ- 
entiate between mature resting (i.e., reproductively quies- 
cent) and prepubescent animals. 

Immature Manatees 

Nine 98- to 235-cm-long manatees fit characteristics 
ascribed to immature animals (Table 1). Where age was 
known, these animals ranged from 0-2 years old. Testicu- 
lar stage was always negative and approached or was equal 
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Fig. 3. Correlation between mean diameter of seminiferous 

tubules and testicular stage in the Florida manatee 
(Trichechus manatus latirostris; n = 31). 
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Fig. 5. Relation between age and testicular stage in Florida 
manatees (Trichechus manatus latirostris) sampled during all 
seasons (n = 18). 
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Fig. 4. Relation between age and diameter of seminiferous 
tubules in the Florida manatee (Trichechus manatus 
latirostris; n = 26). 
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Fig. 6. Relation between body length and mean diameter of 
seminiferous tubules in the Florida manatee (Trichechus 
manatus latirostris; n = 31). 
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Fig. 7. Relation between body length and testicular stage in the 

Florida manatee (Trichechus manatus latirostris; n = 31). 
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Fig. 8. Percentage of Florida manatees {Trichechus manatus 
latirostris) with sperm in the testes or epididymides. Note 
that, for the smallest age class, 10% represents only a single 
animal (n = 29). 

Table 1. Life history data of male Florida manatees (Trichechus manatus latirostris) with a total body length of 
98-240 cm (n = 21). Tubule diameter (in urn) represents a mean of 50 measurements. Sperm density represents the 
observed highest density in tissues of a particular manatee. 0 = no sperm; 1 = sparse sperm; 2 = moderate density; 3 
= very dense sperm. Putt's (1951) stain, which is specific for spermatids and spermatozoa, was used to identify sperm 
in the epididymides. Months 12,1, and 2 represent winter; 3-5 represent spring; 6-8 represent summer; and 9-11 
represent fall. The testicular stage is the mean phase of 50 evaluated seminiferous tubules/animal; the phases range 
from -4 to 5. 

Total body Specimen Tubule Sperm Age Month of Testicular 

length (cm) field number 

M-293 

diameter density (year) death stage 

98 47.60 0 0 05 ^.00 

117 M-213 0 0 12 

119 M-178 0 0 12 

130 M-403 44.84 0 0 09 -3.98 

133 M-135 58.68 0 0 02 -3.58 

146 M-75-5 0 0 04 

172 M-79-1 52.75 0 1 01 -2.86 

175 M-144 0 0 04 

177 M-76-3 0 01 

190 M-244 0 1 06 

205 M-79-26 0 0 12 

209 M-388 0 0 05 

218 M-154 63.62 0 1 02 -3.46 

219 M-314 0 11 

219 M-82-8 0 02 

222 M-81-66 50.30 0 12 -4.00 

225 M-82-16 44.44 0 0 02 ^.00 

225 M-79-9 51.62 0 2 02 -4.00 

228 M-137 0 2 02 

235 M-79-24 44.40 0 1 11 -3.00 

237 M-308 107.20 1 2 08 -0.56 
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to -4. Seminiferous tubules were narrow (44-64 (xm) con- 
taining only spermatogonia, Sertoli cells, and primary 
spermatocytes resting on a thick lamina propria (i.e., no 
spermatids or spermatozoa were present). Intertubular tis- 
sue was extensive among these largely solid tubules. 

Prepubescent or Recrudescent Manatees 

Nine 237- to 295-cm-long and 2 to 11-year-old mana- 
tees (when age was determined) were placed in this 
category (Tables 1-3). Mean diameter of the seminifer- 
ous tubules was between 50 and 107 um, and the lamina 
propria seemed to be thinner than in immature manatees. 
In addition to the cell types in immature animals, secon- 
dary spermatocytes and a few round spermatids were 
included in the seminiferous epithelium. Testicular stage 
was always negative, although the value approached 
zero in at least one individual (M-3084). This 237-cm- 
long, 2-year-old individual was the most precocious of 
the examined manatees; he already had some sperm in 
his testes. 

4 Identification numbers of manatees are provided when known for 
completeness of information. 

Fully Spermatogenic Manatees 

Animals were considered fully spermatogenic when the 
testicular stage was between 0 and +5. Active spermiogene- 
sis occurred in thirteen 252 to 320-cm-long, 2 to 18-year-old 
manatees (Tables 2 and 3). Average tubular diameters were 
71 -195 |im. Cross-sectional area of interstitial tissue (which 
includes Leydig cells) was reduced in fully spermatogenic 
animals (Fig. 2). Although testicular tissue of the oldest male 
in this study (M-235; 25 years old) was not available, a 
moderate amount of sperm was in the epididymis (Table 3). 

Seasonally of Changes in Testicular 
Histology 

Several important factors of potential reproduction dif- 
fered by season. Mean testicular stage (Kruskal-Wallis test; 
n = 31; P = 0.009) and the presence of sperm in the 
epididymis or testes (Kruskal-Wallis test; n = 67; P = 0.007) 
differed by season in which manatees were recovered. Most 
of the differences seemed to reflect changes in testicular 
histology in winter, when regressed seminiferous tubules, 
containing mostly immature cell stages, were typical, even 
in testes obtained from large animals. 

Table 2. Life history data of male Florida manatees (Trichechus manatus latirostris) with a total body length of 241-280 
cm (« = 24). Tubule diameter (in |im) represents a mean of 50 measurements. Months 12,1, and 2 represent winter; 
3-5 represent spring; 6-8 represent summer; and 9-11 represent fall. The testicular stage is the mean phase of 50 
evaluated seminiferous tubules/animal; the phases range from -4 to 5. Eight manatees died in December, January, 
or February (winter). One of them (13%) produced sperm. Twelve of 16 (75%) produced sperm in non-winter seasons. 

Total body Specimen Tubule Sperm Age Month of Testicular 
length (cm) field number diameter density (year) death stage 

241 M-219 0 2 01 
244 M-220 0 1 01 
247 M-55 1 02 
252 M-428 50.00 0 9 02 -3.96 
252 M-82-34 93.40 1 04 1.90 
252 M-217 0 4 01 
255 M-78-42 109.50 2 2 11 3.10 
256 M-153 3 4 05 
257 M-78-35 176.60 2 09 3.96 
258 M-82-20 0 02 
260 M-275 86.90 0 3 03 -1.80 
263 M-79-23 151.70 1 4 10 3.34 
263 M-239 0 08 
267 M-280 88.60 0 7 04 -1.94 
267 M-77-16 0 2 05 
270 M-258 61.60 0 01 -2.50 
271 M-223 0 7 02 
271 M-79-7 1 03 
271 M-79-18 3 20 08 
273 M-174 3 5 10 
274 M-108 1 5 03 
277 M-166 3 3 08 
278 M-76-28 1 7 11 
279 M-156 3 6 06 
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Table 3. Life history data of male Florida manatees (Trichechus manatus latirostris) with total body length of more 
than 281 cm (n = 22). Tubule diameter (in urn) represents a mean of 50 measurements. Months 12,1, and 2 represent 
winter; 3-5 represent spring; 6-8 represent summer; and 9-11 represent fall. The testicular stage is the mean phase 
of 50 evaluated seminiferous tubules/animal; the phases range from -4 to 5. Eight manatees died in December, 
January, or February (winter). Two of them (25%) produced sperm. Thirteen of 14 (93%) produced sperm in 
nonwinter seasons. 

Total body Specimen Tubule Sperm Age Month of Testicular 

length (cm) field number diameter density (year) death stage 

284 M-83-2 79.00 0 4 01 -2.38 

285 M-78-8 52.85 0 11 02 -2.62 

288 M-82-29 1 11 03 

290 M-74-2 124.80 2 06 2.26 

291 M-78-15 0 10 02 

292 M-78-29 1 10 06 

292 M-353 2 14 12 

292 MSW-4 105.40 2 01 -1.34 

295 M-210 71.00 0 10 -3.00 

295 G-75-76 138.00 1 10 3.00 

297 M-208 160.20 2 7 10 1.60 

297 M-80-27 0 12 

299 M-209 71.25 3 3 10 1.68 

301 M-381 153.60 1 9 03 3.24 

303 M-391 167.60 1 7 09 3.40 

312 M-78-10 0 20 02 

314 M-255 195.30 2 18 11 0.26 

318 M-235 2 25 05 

318 M-299 168.90 2 15 06 2.48 

320 M-146 2 >12 04 

320 M-82-30 115.50 2 03 2.78 

320 M-81-11 0 01 

The presence of sperm in the reproductive tracts of 67 
manatees was examined. In the smallest size class (98- 
240 cm), sperm was present in 11% (1 of 9) of the 
carcasses recovered in a season other than winter, and in 
none of the 12 carcasses recovered in winter (Table 1). 
In the second size class (241-280 cm), sperm was pre- 
sent in 13% (1 of 8) of the carcasses recovered in winter 
and in 75% (12 of 16) of the carcasses recovered in 
seasons other than winter (Table 2). In the largest size 
class (281-320 cm), sperm was present in 93% (13 of 
14) of the carcasses recovered in seasons other than 
winter but in only 25% (2 of 8) of the carcasses recovered 
in winter (Fig. 8; Table 3). Manatees with sperm in the 
testes or epididymides were 237-320 cm long and 2-25 
years old. 

Of the 31 manatees whose testes were quantitatively 
assessed, none (0 of 9) in the first size class (98- to 240-cm 
length) was fully spermatogenic; however, 44% (4 of 9) of 
the 241- to 280-cm-long carcasses and 69% (9 of 13) of the 
281 to 320-cm-long carcasses were fully spermatogenic 
(Fig. 9; Tables 1-3). Among the carcasses that were longer 
than 241 cm, none of 5 recovered between December and 
February, 60% (3 of 5) recovered between March and May, 
67% (2 of 3) recovered between June and August, and 89% 

(8 of 9) recovered between September and November were 
fully spermatogenic (Tables 2 and 3). 
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Fig. 9. Percentage of fully spermatogenic Florida manatees 
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Discussion 

Odell et al. (*1981) predicted that male manatees be- 
came reproductively active at a length of about 275 cm (at 
an estimated age of 9-10 years based on growth of some 
captive-born animals), when testicular weight increased 
exponentially. Our results showed that males may be 
capable of impregnating females at a much smaller size 
and younger age. Increases in diameter of seminiferous 
tubules and testicular stage at a body length as short as 
237 cm and at an age as young as 2 years were notable 
(Figs. 5 and 6). Whether the sperm from such young males 
can impregnate females is not known. 

The possibility of early successful reproduction, as 
supported by histological evidence, corroborates observa- 
tions of behavior by Hartman (1979), who suggested that 
reproduction began in male manatees between 3 and 5 
years of age, and more recent observations of Rathbun 
et al. (1995), who noted the presence of free-ranging males 
(whose ages were known) of even younger ages in herds 
of males pursuing presumably estrous females in the Crys- 
tal River. The dynamics of these herds suggest no clear 
pattern of participation by males on the basis of size or age 
(Rathbun et al. 1995). In controlled breeding of captive 
animals, keeping small male manatees, considered imma- 
ture (based on their size or age), with females may not 
prevent pregnancy. Odell (Sea World of Florida, Orlando, 
Florida, personal communication) noted that captive, 
about 2-year-old male California sea lions (Zalophus cali- 
fornianus) successfully mated and produced offspring and 
that similar matings occur in the wild with unknown 
results. 

In manatees, total length seemed to be a better, but still 
imprecise, predictor of reproduction than age. Onset of 
spermatogenic activity in mammals in general may be 
more closely related to somatic development of the indi- 
vidual than to age (Johnson et al. 1970). The dependence 
of sexual maturity on attainment of critical body mass in 
some mammals has been suggested (Laws 1956). In our 
study, testicular activity, as gleaned from phase in the 
spermatogenic cycle and diameter of seminiferous tu- 
bules, increased profoundly when the manatee reached a 
length of approximately 250 cm, although this size did not 
correspond to a particular age (Fig. 10; n = 26). Several 
examples illustrated the point that size is not a good 
predictor of age: one 9-year-old manatee (M-428) was 
only 252 cm long, but a 2-year-old manatee (M-78-42) 
was already 255 cm long; two 3-year-old manatees (M- 
209 and M-275) were 299 cm and 260 cm long; a 20-year- 
old manatee (M-79-18) was only 271 cm long, whereas 
two 3-year-olds (M-166 and M-209) were longer than 
270 cm. 

Seasonal changes in testicular activity in our study 
concur with findings of Odell et al. (*1981), who assessed 

350 
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Fig. 10. Relation between age of male Florida manatees 
(Trichechus manatus latirostris) and total body length 
(n = 26). 

testicular weight and appearance and suggested that activ- 
ity was high in summer and fall and low in winter. Our 
observations (e.g., presence of regressed seminiferous tu- 
bules, characterized by immature cell stages and reduced 
diameters) suggested diminution, if not cessation, of sper- 
miogenesis in winter. Although some larger manatees 
(13% from 241-280 cm long, and 25% >281 cm; Tables 2 
and 3) recovered in winter had some sperm in the testes or 
epididymides, none was fully spermatogenic. 

Seasonal effects seem to be an important factor of 
potential reproduction in male manatees. This is evi- 
denced by the fact that no fully spermatogenic manatees 
were observed during winter. Only one (M-210) of 21 
longer-than-270-cm carcasses recovered in seasons 
other than winter lacked sperm in the gonads or 
epididymis. This animal was an unusual case because it 
died in an emaciated condition in the Chesapeake Bay 
(outside the range of Florida manatees). In other-than- 
winter months, healthy male manatees longer than 
250 cm may well undergo spermatogenesis, and in any 
healthy individual longer than 270 cm, spermatogenesis 
is almost certain. 

Cessation of spermatogenic activity in winter was 
identified in other taxonomic orders of mammals. These 
changes in the capability of males to reproduce may be 
due to varying lengths of photoperiod (Millar and Glover 
1973; Grocock and Clarke 1975) that affect circulating 
levels of gonadotrophins and testicular hormones. Sea- 
sonal reproduction in ringed seals (Phoca hispida) was 
due to pulses in secretion of hypothalamic gonadotro- 
phin that released hormones that were influenced by 
several cues including photoperiod, nutrition, and social 
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Stimuli (Ryg et al. 1991). These environmental factors, 
stress from the onset of cold weather, and the resulting 
need for hurried, often-lengthy migrations may play a 
similarly prominent role in the control of spermatogene- 
sis in the manatee. Although insufficient nutrition cannot 
be ruled out as a cause of cessation of spermatogenesis 
in some manatees, at least one large manatee that died in 
winter (M-78-15; 291 cm) had no sperm but extensive 
body fat. This animal, presumed well nourished and 
healthy, died from a collision with a boat. This example 
may suggest that seasonal effect on spermatogenesis is 
not entirely due to nutritional stress during winter. 

Only limited seasonality of spermatogenic activity 
occurred in male dugongs near Australia (Marsh et al. 
1984; Marsh 1995). Although some individuals had not 
continuously produced sperm throughout the year, the 
influence of season on the capability to reproduce was 
less clear in these animals than in manatees in Florida 
where seasonal effects strongly correlated with sperma- 
togenic activity. If one assumes that seasonal effects on 
reproduction are due, at least in part, to changes in 
temperature, the difference between dugongs and mana- 
tees may reflect that the sampled dugongs were from the 
northern regions of Australia and southern Papua New 
Guinea where seasonal changes in water temperature are 
less marked than in waters occupied by manatees in 
Florida. The examined dugongs may not have undergone 
the types of environmental, nutritional, or energetic 
stresses associated with changes in temperature experi- 
enced by Florida manatees in winter. To isolate and 
evaluate the importance of seasonal changes in tempera- 
ture on spermatogenesis, an examination of West Indian 
manatees would be helpful outside Florida (i.e., in coun- 
tries bordering the Caribbean Sea) where water tempera- 
tures are consistently warm. Similarly, an examination 
of testes of dugongs in cooler parts of the species' range 
(e.g., Moreton Bay) may be helpful to determine whether 
spermatogenesis in these animals is influenced by sea- 
sonal change in water temperature. 

De Jong and Zweers (1980) confirmed monophyly of 
the paenungulate Orders Hyracoidea, Sirenia, and 
Proboscidea. Results from studies of seasonal effects on 
spermatogenic activity among the paenungulates failed 
to provide information that may unite the group by the 
physiology of reproduction. Whereas Laws (1969) found 
that the diameter of the seminiferous tubules of African 
elephants {Loxodonta africana) is affected by seasons, 
Short et al. (1967) did not identify marked seasonal 
changes in androgen concentration in these elephants. 
Seasonal effects on spermatogenesis were not shown in 
all hyraxes (Order Hyracoidea) (Glover and Sale 1968; 
Millar and Glover 1973). Animals far from the equa- 
tor showed marked seasonality in their capabilities to 

reproduce, whereas in the tropics, as seen in the dugongs, 
hyraxes had no well defined breeding season. Animals 
at lower latitudes may be incapable of detecting strong- 
enough changes in photoperiod to affect seasonal 
changes in spermatogenesis. Alternatively, either tem- 
perature or nutritional value of foods may play a vital 
role in seasonal reproduction (Millar and Glover 1973). 
Moreover, as described by Marsh et al. (1984) in du- 
gongs, male hyraxes in the tropics do not undergo coor- 
dinated spermatogenic activity (i.e., not all members of 
the population undergo spermatogenesis simultane- 
ously). As in most eutherian mammals, manatees share 
a similar spermatogenic cycle as that seen in elephants, 
hyraxes, and dugongs, but unlike in most other examined 
paenungulates, the capability to reproduce (äs defined by 
presence of sperm and testicular stage) correlates with 
season in manatees (at least in Florida). 

Whereas dugongs and manatees differ in the degree 
to which their spermatogenic capability is affected by 
seasons, the species are comparable in body length at 
which sexual maturity may occur. Dugongs as short as 
219 cm may exhibit spermatogenesis (Marsh et al. 
1984), whereas spermatogenesis occurs in manatees as 
short as 237 cm. However, manatees reach a larger 
maximum size than dugongs. Age at sexual maturity 
differs considerably between the two species; the young- 
est mature male dugong was 9 years old (Marsh et al. 
1984), and the youngest mature male manatees were only 
2 years old. The difference may reflect species-specific 
differences in life history. Alternatively, age at sexual 
maturity in Florida manatees may have dropped, possi- 
bly because of faster growth from changing population 
parameters and resource availability, whereas the exam- 
ined dugong populations may be stable and occupy more 
stable habitats. Age, but not body size at sexual maturity, 
dropped in Antarctic fin whales {Balaenoptera physa- 
lus), presumably because of exploitation of mysticetes 
and subsequent greater availability of food (Gambell 
1985); in other words, body size, not age, is the cue for 
sexual maturity. 

As noted earlier, spermatogenic activity diminishes in 
winter in many mammalian groups; however, some spe- 
cies in the Order Chiroptera are able to store viable sperm 
throughout winter (Asdell 1946). Five manatees in this 
study (M-108, M-209, M-255, M-353, and MSW-4) had 
little if any sperm in the testes but had abundant sperm 
in the epididymides. This suggested that manatees may 
be able to store sperm in the epididymis after completing 
a spermatogenic cycle. Because the viability of stored 
sperm is not known, the importance of this phenomenon 
remains unknown. Because we did not serially section 
and examine whole testes, spermiogenesis may have 
occurred in tissues we did not examine. In dugongs, 
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abundant spermatozoa were found only in epididymides 
of animals at the height of spermiogenesis (Marsh et al 
1984). 

Testicond mammals (mammals without scrota) in- 
clude species in the Orders Hyracoidea, Proboscidea, 
Edentata, Cetacea, Sirenia, and Insectivora. Spermato- 
genesis proceeds as usual in testicond mammals without 
apparent detriment from abdominal temperature (Car- 
rick and Setchell 1977). Although lower temperature 
seems to be more important for sperm storage than 
production in most cases, a mechanism for maintaining 
the epididymides at a cooler temperature in most testi- 
cond mammals is not known (*Bedford 1977). Recent 
anatomical evidence suggested that cetaceans have a 
vascular counter-current exchange that may serve to cool 
the testes and epididymides (Rommel et al. 1992). A 
similar vascular arrangement, if present, may explain 
viable sperm storage in the epididymides of manatees. 

In conclusion, observations of manatee testes and 
epididymides suggested near cessation of spermatogene- 
sis in winter, an apparent peak in spermatogenic activity 
in late summer and fall, and initiation of spermiogenesis 
in manatees as short as 237 cm long and as young as 2 
years. This type of information provides important life- 
history data, and could influence the captive mainte- 
nance of manatees. Future tissue analysis should be 
made a priority, particularly to determine whether age at 
sexual maturity or timing of spermatogenesis change 
over time. In addition to examining seminiferous tu- 
bules, future researchers should include measuring hor- 
mone levels in blood, feces, or urine. Testosterone plays 
a central role in controlling the spermatogenic cycle 
(Sharpe et al. 1990). Although testosterone levels are 
affected by stress, a direct measure of testosterone level 
and an assessment of the relation between testicular 
stage and testosterone level may be informative. Finally, 
entire testes, especially of recovered carcasses in winter, 
should be serially sectioned and examined to determine 
whether spermatogenic activity occurs at a consistent 
level throughout the gonad. 
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Appendix. Citation, recipe, and results of Putt's stain (Putt 1951). 

Required reagents 
A. H2O-90 mL, methanol 10 mL, phenol, 5 magenta-IDL 
B. Sat. aq sol. lithium carbonate. 
C. 0.5% acetic acid in 95% ale. 
D. 0.5% meth. blue in abs. ale. 

Procedure: 
1. water 
2. A - 5 min 
3. B -1 min 
4. C - 3-5 min until sections pale pink 
5. Abs. ale. wash 
6. D -1 min 
7. Abs. ale. - 2 changes (30 i i each) 
8. neutral mountant 

Results: Spermatids and spermatozoa - magenta 
Other tissue - light blue 
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Age and Reproduction in Female Florida Manatees 

by 

Miriam Marmontel 

University of Florida 
Department of Wildlife and Range Sciences 

Gainesville, Florida 32611 

Abstract. Data from the carcasses of 821 female Florida manatees (Trichechus manatus latirostris) 
recovered between 1976 and 1991 were analyzed in this study. Age and information on reproduction 
of 275 specimens were available. Estimates of ages were based on counts of growth-layer groups in 
the dome portion of the tympano-periotic bone complex. Bone resorption in specimens older than 20 
years may affect the interpretation of the depositional patterns. The estimated age of the oldest female 
in the sample was 59 years. Reproduction status was determined from field records and from 
histological examination. Females mature sexually when they are 3 years old (between 3 and 4 years 
of age) and probably first reproduce when they are 4 years old. Forty-six percent of the females in the 
sample for which information on reproduction was available were considered mature; of these, 40% 
were reproducing. Three schedules (conservative, intermediate, and optimistic) are presented for each 
estimated reproduction parameter. The intermediate values better represent reality and are used 
throughout the text. At any one time, 33% of the mature females are pregnant. This translates into an 
average period of 3.0 years between births. Age-specific fecundity remains relatively unchanged (0.24) 
from age of first parturition throughout life. Reproduction patterns in older females are not clear 
because of the scarcity of old-age specimens. 

Key words: Trichechus manatus latirostris, reproduction, age determination, fecundity. 

Florida manatees (Trichechus manatus latirostris) are 
listed as endangered because of anthropogenic mortality 
and habitat alteration (* U.S. Fish and Wildlife Service 
1989). The recovery plan (*U.S. Fish and Wildlife Serv- 
ice 1989) calls for the development of population models 
to assist with establishing criteria to remove the manatee 
from endangered status. Demographic parameters for 
modeling include age structure, sex ratio, and age-spe- 
cific fecundity and mortality, estimation of which de- 
pends on the accurate aging of individuals (Caughley 
1977), and an age-determination technique had to be 
developed to allow the estimation of some of these 
parameters in Florida manatees. 

Data in this study originally were from carcasses of 
female manatees recovered in Florida and adjacent states 
by cooperating members of the southeastern United 
States Stranding Network between April 1976 and De- 

1 Present address: Projeto Mamirua, Caixa Postal 0001,69470-000 TefiS 
AM, Brazil. 

2 An asterisk denotes unpublished material. 

cember 1991. The specimens were measured and proc- 
essed according to standard procedures (*Bonde et al. 
1983). 

I collected biological data from this large sample of 
manatee carcasses and matched them with estimates in 
newly derived age classes to determine age-related aspects 
of reproduction. During necropsies, various institutions 
(*Bonde et al. 1983; Ackerman et al. 1995) collected tissue 
specimens for eventual use in studies of aging and reproduc- 
tion. Whenever the state of decomposition permitted, a 
cause of death was determined from each carcass. Because 
I wanted to estimate fecundity (calculated as live young born 
to a female), I examined original necropsy data sheets for 
specimens in the dependent-calf category for indications of 
premature deaths. I reviewed carcass size, level of healing 
of the umbilicus, floatability of lung tissue, and presence or 
absence of meconium in the digestive tract. Twenty-two 
specimens were aborted or stillborn calves and were not 
included in my analyses. The revised data set included 821 
females; the ages of 511 were estimated by growth-layer- 
group counts (Table 1). 
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Table 1. Reproduction status of female Florida manatees (Trichechus manatus latirostris) collected between 1976 and 
1991 in the southeastern United States. 

Reproduction status Total number Number aged Number not aged 

Immature 248 132 116 
Pregnant 47 33 14 

Mature (n = 212)     Lactating 38 27 11 
Resting 127 83 44 

Status unknown 361 236 125 

Total 821 511 310 

Age Determination 

Dentinal growth-layer counts are widely used for age 
determination in cetaceans (*Perrin and Myrick 1980) and 
dugongs (Dugong dugon; *Marsh 1980, 1995) but cannot 
be used for manatees because of the indeterminate number 
of teeth and lifelong horizontal tooth replacements 
(Domning and Hayek 1984). The record of layers in teeth 
becomes incomplete after the first cheek teeth are replaced. 
Because of this problem, I determined the feasibility of 
estimating age with analysis of other hard structures. This 
method, which was recently developed, is the count of 
growth-layer groups in the dome portion of the tympano-pe- 
riotic bone complex (*Marmontel et al. 1990). The tech- 
nique consists of decalcifying a slab of bone and obtaining 
40-p.m thick sections by using a freezing microtome and 
subsequently staining the sections with hematoxylin. The 
method was validated in the examinations of 16 known-age, 
minimum known-age, or tetracycline-marked individuals 
that revealed one growth-layer group per year (Fig. 1). 

The process of bone resorption begins to interfere with 
the estimation of age at about age 15-20, when some of the 
layers may be obliterated. The bone was affected by resorp- 
tion, allowing the assignment of only a minimum age in 32 
cases, representing 22% of the adult females for which ear 
bones were available (n = 143). Under these circumstances, 
a best-estimate approach was taken by examining the struc- 
ture of the bone, the extent and degree of resorption, and the 
distances between visible layers. Initially, the first-year zone 
(represented by a change in the structure of the bone) was 
identified or, if that was not visible, the first growth line. 
Then all subsequent visible growth lines were counted. 
Interrupted lines were followed along the microscopic slide 
whenever possible. When large areas were affected by re- 
sorption, the number of missed lines was estimated on the 
basis of the average distance between growth-layer groups; 
taken into consideration was that the first 3-6 growth-layer 
groups are wider than subsequent groups. Possible mini- 
mum and maximum ages were assigned, and the midpoint 
was used as the estimated age. Five readings of each ear- 
bone specimen were taken. With one exception, all females 

who were 21 years old or older were classified by this 
method. 

Age Composition and Longevity 
The frequency distribution of ages of the females in the 

carcass sample was highly skewed (Fig. 2). The average age 
of sexually mature females for which information on repro- 
duction status was available (n = 143; Fig. 3) was 12.6 years. 
This was similar to a value of 12.9 years obtained under the 
assumption that all 5-year-old or older females are mature 
(n = 208) and from known mature specimens in age class 3 
(between 3- and 4-year-old individuals; n = 2) and age class 
4 (between 4- and 5-year-old individuals; n = 7). 

Manatees may reach age 60. The highest estimated age 
was of a 362-cm-long total length (TL) female (M-1573)—a 
victim of a boat strike—whose carcass was found in June 
1979. This female was more than 51 years old; the best 
estimate was 59 years (age class -59). A specimen (KDL- 
8745) that drowned in a shrimper's net in Georgia in Sep- 
tember 1987 was about 39 years old. The Florida manatee 
that has been held longest in captivity (Snooty) is alive at 44 
years old in 1992, and one captive female has continued to 
reproduce throughout her 35-year captivity in the Miami 
Seaquarium (D. K. Odell, Sea World of Florida, personal 
communication). These estimated maximum ages also cor- 
relate with an estimated life span of 73 years in dugongs 
(Marsh 1995) and with estimated longevity from statistical 
analysis of survival (O'Shea and Langtimm 1995). Al- 
though longevity in manatees may be high, only 19 (3.7%) 
of the examined females were older than 25 years (n = 511). 

Reproduction 
The age at which individuals begin reproducing is an 

important point in the life history. Age at sexual maturation, 
age at first parturition, and age-specific fecundity are valu- 
able biological parameters for population modeling and, 

3 The identification numbers of manatees are provided for completeness 
of information. 
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Fig. 1. Photomicrograph of 
the ear bone of a female 
Florida manatee (Tri- 
chechus manatus lati- 
rostris) carcass (BS-36, 
KDL-8827, Felicity), 
used in the validation of 
the age-estimation tech- 
nique. This was a resi- 
dent female from Blue 
Spring, upper St John's 
River, Florida, born in 
May 1980, whose car- 
cass was found in April 
1988. The arrows point 
to the adhesion lines that 
correspond with growth- 
layer groups. The first ar- 
row represents the first- 
year zone. 
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coupled with mortality, influence the ability of a population 
to replace itself. 

Data on reproduction were obtained from the macro- 
scopic and microscopic examination of reproductive tracts 
of 77 carcasses of females ranging from 115 to 375 cm TL 
and from the review of 460 necropsy sheets with information 
compiled over the years by various field investigators. In- 
formation on age and reproduction condition of 275 females 
(132 immature and 143 mature females; Table 1) was avail- 
able. Determination of sexual maturity involved examining 
follicular development and identifying the presence of cor- 
pora lutea or albicantia in the ovaries, which indicate pre- 
vious ovulation (Mossman and Duke 1973). 

The rate of ovulation may be used as a parameter for 
modeling reproduction if each ovulation results in one cor- 
pus luteum and all corpora albicantia remain throughout life, 
representing a permanent record of the number of times a 
female ovulated (Perrin and Donovan 1984). One must also 
know whether all ovulations resulted in pregnancies and, if 
not, which proportion did not. Similar to dugongs (Marsh 
et al. 1984; Marsh 1995), manatees are polyovular (Fig. 4) 
and produce an average of 36.3 corpora lutea/ovary/preg- 

nancy. If the corpus luteum produces only small amounts of 
progesterone, multiple corpora lutea may be necessary to 
reach sufficiently high progesterone levels for gestation 
(Marmontel 1988). Furthermore, corpora albicantia do not 
remain visible for life and are resorbed at an unknown rate 
(Marmontel 1988). Females may become pregnant when 
they first ovulate, but not every ovulation results in fertili- 
zation, and the actual pregnancy rate is therefore probably 
lower than the ovulation rate. Furthermore, the number of 
corpora varies among individuals, and the ovulation rate 
may change with age. Therefore, the first-time-ovulators 
method (DeMaster 1984) cannot be used as an index of 
sexual maturity, and the corpora albicantia counts do not 
reflect the number of ovulations. 

Another technique for determining the number of preg- 
nancies in other species is the counting of placental scars 
(Laws 1967; Seber 1973; Martin et al. 1976; Lindström 
1981). Whereas in the related dugong the scars persist for 
at least several years and their number increases with age 
(Marsh et al. 1984), in manatees these structures probably 
neither remain visible for long periods nor persist through- 
out life (Fig. 5; Marmontel 1988). The number of placental 

Fig. 4. The ovary of a mature female Florida manatee (Trichechus manatus latirostris), showing multiple corpora lutea (arrows). 
Numerous smaller structures are follicles. 
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Fig. 5. Detail of reproductive tract of a lactating 329 cm TL female Florida manatee (Trichechus manatus latirostris; M-87-11) with 
one placental scar (arrows) in the uterine horn. 

scars in manatees does not increase with TL or age of the 
animal, and the maximum count at any one time was four 
in a 307-cm-long female (M-82-28, age unknown). Only 
one placental scar was found in each uterine horn of a 
355-cm-long female (M-85-23, age unknown). The esti- 
mated age of a known animal from the Crystal River (UF 
24989, CR09F, Dihedral, M-422) was 28 years old. She 
gave birth to a calf in 1979 (Rathbun et al. 1990) and was 
375 cm long when she died in 1985. The absence of 
placental scars in her uterus indicated that scars may be 
resorbed and disappear some time after 6 years. Therefore, 
placental scar counts cannot be used to estimate the num- 
ber of parities in Florida manatees. 

Attainment of Sexual Maturity 

Age at Sexual Maturation 

The determination of age of sexual maturation is usu- 
ally made by three criteria: first ovulation, first conception, 
and first lactation (Perrin and Donovan 1984). An assess- 
ment of reproductive condition (mature versus immature) 
can be obtained in the field from the size of the female 
(although females can be of intermediate sizes for which 

this method is not reliable) and from the size, appearance, 
and vascularization of the uterus and ovaries. The presence 
of one or more corpora lutea, a fetus, and milk are macro- 
scopic indications of mature, pregnant, and lactating ani- 
mals. These three conditions may also be histologically 
identified or confirmed (Table 2). 

Some female manatees in the wild attained sexual 
maturity at age 3, but sample sizes were not large enough 
to calculate a mean age of sexual maturity—defined as the 
age at which 50% of the females are mature (DeMaster 
1978). A similar value of 3.2 was calculated as the mean 
age at sexual maturity of wild manatees in the Crystal 
River (Rathbun et al. 1995), and manatees at Blue Spring 
may also become sexually mature as early as age 3 
(O'Shea and Hartley 1995). All salvaged carcasses of 
5-year-old or older females for which information on 
reproduction was available were sexually mature 
(n = 143). The presence of corpora lutea in nulliparous 
females indicated that female manatees may undergo sev- 
eral ovulations before they first conceive (Marmontel 
1988). This may partially explain the high percentage of 
free-ranging, living females that were pursued by herds of 
males but were not seen with accompanying calves in the 
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Table 2. Histological characteristics of ovaries, uteri, and mammary glands of female Florida manatees (Trichechus 
manatus latirostris) in different stages of reproduction. CA = corpus albicans, CL = corpus luteum, LGF = large 
Graafian follicle, PS = placental scar. 

Stage Ovaries Uterus Mammary gland 

Immature, prepubescent Pinkish, smooth and flattened surface 
Numerous small follicles on the surface 

Glands undeveloped Inactive 

Immature, maturing Several LGF Early proliferative endometrium Inactive 
Sexually mature, Follicular: several LGF, may have CL Proliferative endometrium, no PS Inactive 

nulliparous 
Ovulating Luteal: LGF, CL Secretory endometrium, with or 

without PS. Not pregnant 
Inactive 

Parous Follicular or luteal Secretory endometrium Inactive 
Lactating Luteal: no LGF, several CL Secretory endometrium Active 
Resting Resting: no LGF, no CL, some CA Involuting endometrial glands. PS 

present or absent 
Inactive 

following season (Rathbun et al. 1995). Based on obser- 
vations of these herds with females and calves in the 
Crystal River, Hartman (1979) was the first to suggest the 
occurrence of pseudo-estrus in manatees. 

Some manatees may conceive as early as age 3, as 
demonstrated by the carcasses of seven 3-year-old repro- 
ductive females (Table 3). These observations are cor- 
roborated by observations of living animals in the field by 
Rathbun et al. (1995) and O'Shea and Hartley (1995). A 
dilated cervix, enlarged uterine horns, and quiescent ova- 
ries found during the necropsy of a 3-year-old female 
(KDL-8852,283 cm TL) suggested a recent abortion. An- 
other 3-year-old female (SWF-Tm-9008-B, 302 cm TL) 
died in captivity as a result of pregnancy complications 
and retention of a dead, full-term fetus. The carcass of 
another 3-year-old female (M-195, 276 cm TL) had one 
placental scar in each of its uterine horns; according to age 
and body size, probably at least one of the pregnancies 
marked by the scars was not carried to term. One placental 
scar in each uterine horn was also found in the carcass of 
a 4-year-old female (M-199,294 cm TL), but whether she 
carried both pregnancies to term could not be determined. 
The conditions of the described incomplete pregnancies 

Table 3. Total length (TL) of carcasses of female Florida 
manatees {Trichechus manatus latirostris) identified as 
having been in age class 3 and as having been mature. 

Identification TL (cm) Year of death Coast 

NM 527926 254.0 1978 East 
M-195 276.0 1980 East 
UF 20598 277.0 1985 East 
NM 530312 281.0 1978 East 
KDL-8852 283.0 1988 East 
KDL-8849 285.0 1988 East 
SWF-TM-9008B 302.0 1990 West 

indicated that not all young females are able to carry a 
pregnancy to term because of either anatomical or physi- 
ological constraints. Unsuccessful reproduction cycles be- 
fore full development of the anatomical structures occur 
in other mammals (Buechner et al. 1966; Newson 1966; 
Sowls 1966; Sikes 1971; Martin 1981; Bryden and Harri- 
son 1986; Porton et al. 1987). The large proportion of 
young females may partially explain the increased per- 
centage of perinatal deaths in recent years (Ackerman 
et al. 1995). If more young females are conceiving but not 
delivering and nursing offspring, a higher early-age mor- 
tality may be expected. However, a higher mortality of 
young may tend to decrease the interval between births 
because of a shortening of the lactation anestrus. 

The minimum age at first parity should be about 1 year 
after the age of maturation if the gestation period lasts 
approximately 12-14 months (Hartman 1979; Rathbun 
and Powell 1982; *Odell et al. 1992; O'Shea and Hartley 
1995; Rathbun et al. 1995). In fact, the estimated age of 
the youngest pregnant female (UCF-9021, 283 cm TL) 
whose death was not related to pregnancy or parturition 
was 4 years. 

A reduction in the age of sexual maturity is believed to 
represent a density-dependent response that results in a net 
reproduction rate greater than zero in populations under 
increasing exploitation (Smith 1983; Fowler 1984). The 
number of recovered manatee carcasses has steadily in- 
creased since 1974 (Ackerman et al. 1995), and earlier 
studies revealed that sexual maturity is reached at older 
ages than reported here (Hartman 1979; *Odell et al. 1981; 
Rathbun and Powell 1982). However, these earlier studies 
were based on much smaller sample sizes. In this study, 
mature 3-year-old females were collected as early as in 
1978, and the data did not support changes in the age at 
sexual maturation during the time of analysis. Likewise, a 
comparison of ages at attainment of sexual maturity on the 
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two coasts of the Florida peninsula would be premature. 
Six of the seven reproductive, 3-year-old females were 
recovered on the eastern coast between 1978 and 1985; the 
seventh was found on the western coast in 1990. 

Body Length at Sexual Maturation 

Knowledge of the body length at sexual maturity in 
marine mammals allows an evaluation of animals for 
which the only available age-related datum is length (Per- 
rin and Reilly 1984). The smallest female classified as 
mature based on field examination was 254 cm TL and her 
estimated age was 3 years. The average length of the seven 
youngest (3-year-old) mature females was 279.7 cm TL 
(SD = 14.2; range = 254-302 cm). A 257-cm-long female 
(KDL-8811, age unknown) was lactating. The average TL 
of the five 3-year-old immature females was 254.8 cm (SD 
= 13.6; range = 242-272 cm). These data are supported by 
the relation between body size and the area of germinal 
epithelium of the manatee ovary (as verified in dugongs 
by Marsh et al. 1984). In manatees, the area of germinal 
epithelium increases gradually until animals reach about 
280 cm TL, when a sudden increase occurs, probably from 
the presence of the corpora of ovulation or from pregnancy 
(Marmontel 1988). This value is also comparable to the 
size of females at maturity (260 cm) derived by Odell et al. 
(* 1981) based on ovary weights. According to life-history 
theory, long-lived animals have a delayed age of sexual 
maturation (Eisenberg 1981). However, some large mam- 
mals (bears, lions, whales) mature earlier than expected 
(Stearns 1992). That may be explained by the rapid growth 
and maturity of animals on high planes of nutrition and 
may explain the adult size of some manatees at age 3. 

Reproduction Traits of Mature Females 

Approximately 46% (212 of 460) of the dead females 
whose reproductive tracts were examined in the field or in 
the laboratory were classified as having been mature. Forty 
percent (85 of 212) of them were either pregnant or lactat- 
ing at the time of death. 

Reproduction Schedules 

Estimates of reproduction parameters were first calcu- 
lated based on a conservative schedule, containing solely the 
confirmed pregnant or lactating females. Alternative sched- 
ules were then calculated to provide a range of reproduction 
values. Females that according to comments on data sheets 
had recently calved or given birth within a few weeks were 
included in the intermediate schedule of estimates of fecun- 
dity and pregnancy rates. When a female was noted as 
possibly lactating (based on size of mammae or proximity 
of a small calf), she was added to the portion of lactating 
females of the sample in the intermediate schedule. Rich 
superficial vascularization and enlargement of the uterus are 

indicators of the onset of pregnancy in cetaceans (Benir- 
schke and Marsh 1984; Collet and Robineau 1988). Females 
recorded in necropsy sheets as possibly having recently 
given birth were so classified because of enlarged and 
vascularized reproductive organs but without mention of a 
placental scar for confirmation. Therefore, those females 
could have been pregnant with very small fetuses. A great 
deal of the uncertain classifications of these females could 
be attributed to the condition of the carcasses. In an optimis- 
tic schedule, I also included pregnant females from the last 
two categories. No additional lactating females were added 
to the optimistic schedule because all were previously in- 
cluded in the intermediate schedule. The conservative 
schedule is believed to err by exclusion of some females that 
were reproductive and were not so classified; it also renders 
low estimates of the reproduction parameters. On the other 
hand, the optimistic schedule may inflate the estimates by 
assigning females to reproduction categories by subjective 
assessment of their conditions. Therefore, the intermediate 
schedule is believed to be the most realistic. 

Resting Females 

Not all females had been reproducing. Nine (19%, ages 
7-23) of the dead 47 mature, histologically examined 
females had been neither pregnant nor lactating and did 
not present signs of ovarian activity (i.e., no large Graafian 
follicle, no corpora lutea or corpora albicantia). Another 
18 (38%) were not pregnant or lactating but had active 
ovaries (follicular or luteal). Again, based on the histologi- 
cal sample, 43% were reproductive, which was close to the 
value of the overall sample of 40% (85 of 212). In the 
larger sample in the intermediate schedule (n = 261), a 
similarly high percentage (48.6%) of females was in the 
resting category (not pregnant, not lactating; Fig. 3). Ovar- 
ian activity was not necessarily assessed in all cases; the 
resting category probably included some pregnant or lac- 
tating females whose reproduction status was masked by 
decomposition. In addition, some small embryos may have 
been missed during necropsies (Fig. 6). 

Incidence and Seasonality of Pregnancy and 
Lactation 

The probability of detecting a fetus during gross ne- 
cropsy increases with the proximity to term, simply 
because of fetal size. Most pregnancies (72%) in car- 
casses were detected during either winter or spring 
(Fig. 7). Fetuses in salvaged carcasses of females (n = 
43), aborted fetuses (n = 14), stillborn calves (n = 29), 
and calves that died soon after birth (n = 40) were largest 
during March-July (Fig. 8). Although pregnancy occurs 
year-round, the data indicated that most calves are born 
in spring and in early summer. Relatively few large, 
near-term fetuses were found in fall and winter (Fig. 8). 
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Fig. 6. Small 1.2 cm TL embryo collected from the carcass of a female Florida manatee (Trichechus manatus latirostris; M-395; 
SWF-Tm-8424-B). Undiscovered embryos because of small size or state of decomposition may bias estimates of reproduction 
rates. Photo by C. Beck. 

Incidence of pregnancy/season 

Fig. 7. Pregnancy rate by season (winter 
through fall) of female Florida manatees 
(Trichechus manatus latirostris) whose car- 
casses were collected in the southeastern 
United States, 1976-1991. 
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Fig. 8A. Length distribution of fetuses from dead 
female manatees (closed squares) and 
aborted fetuses (open squares). 
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Fig. 8B. Length distribution of aborted and still- 
born calves (closed squares), and calves that 
died soon after birth (open circles), collected 
in the southeastern United States (1976- 
1991) by month. 
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The lengths of unborn and aborted fetuses differed by 
season (F = 9.18, df= 3, P = 0.0001). The lengths of 
fetuses did not differ among warm months (F = 0.55, 
df= 1, P = 0.4606) and among cold months (F = 0.04, 
df= 1, P = 0.8353); however, the difference was signifi- 
cant between warm (unweighted mean of 99.4 cm) and 
cold months (unweighted mean of 56.8 cm; F = 18.06, 
df=],P = 0.0001). Irvine and Campbell (1978) reported 
that the number of young seen during aerial surveys was 
lower in winter than in summer, supporting the concept 
of a tendency toward parturition in spring. Apparent 
seasonality in numbers of observations of females pur- 
sued by herds of males and the general absence of suc- 

cessful births in winter in warm-water refuges during 
more than 15 winters of field work at the Crystal River 
(Rathbun et al. 1995) and at Blue Spring (O'Shea and 
Hartley 1995) further support this conclusion. Further- 
more, Hernandez et al. (1995) indicated virtual cessation 
of spermatogenesis in winter. Seasonal or diffusely sea- 
sonal reproduction in Amazonian manatees (Trichechus 
inunguis; Best 1982) and in dugongs (Marsh et al. 1984) 
was also suggested. Milder spring and summer tempera- 
tures than winter temperatures may reduce the energetic 
stress on lactating females and newborn calves and favor 
greater survival of the calf. Breeding and giving birth in 
spring and summer may be an advantage for adult fe- 
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Table 4. Conservative reproduction schedule: reproductive condition of adult female Florida manatees (Trichechus 
manatus latirostris) collected as carcasses in the southeastern United States, 1976-1991; numbers in parentheses 
represent proportion of the total. The number of carcasses of pregnant females includes females that had been 
simultaneously pregnant and lactating. 

Year Total Resting Pregnant Lactating 

1976-77 34 
1978-79 11 
1980-81 16 
1982-83 26 
1984-85 27 
1986-87 26 
1988-89 40 
1990-91 32 
Pooled 212 

29 (0.853) 4(0.118) 1 (0.029) 
9(0.818) 2(0.182) 0 
11(0.687) 4 (0.250) 1 (0.062) 
15 (0.577) 6 (0.231) 5(0.192) 
13(0.481) 9 (0.333) 5(0.185) 
11 (0.423) 6(0.231) 9 (0.346) 
23 (0.575) 8 (0.200) 9 (0.225) 
16 (0.500) 8 (0.250) 8 (0.250) 

127 (0.599) 47 (0.222) 38(0.179) 

males and young. Vitamin A and protein for ovulation 
are found in green vegetation (Hart and Guilbert 1933; 
Miller et al. 1942), and young manatees find nutritious 
spring and summer forage when they start to ingest 
vegetation at a few weeks of age (Husar 1977). A sea- 
sonal reproduction pattern associated with rainfall and 
consequent availability of vegetation has also been 
shown in elephants (Elephantidae) and in other equato- 
rial species (Smith and Buss 1973; Buss 1990). 

The mature sample of only confirmed cases (n = 212) 
included 22% pregnant and 17.9% lactating females 
(Table 4), which is comparable to 18.4% reproducing 
females (39.9 reproducing x 46.1 mature) in the overall 
sample (n = 460). These numbers must be cautiously 
interpreted because of biases if the carcass sample is not 
representative of all females in the population. These 
percentages may have been underestimated; several fe- 
males were classified in necropsy records as possibly 
pregnant, possibly lactating, having recently 
calved/aborted, and having possibly recently calved or 

otherwise had enlarged reproductive organs. The pres- 
ence of milk was also not recorded, except in two cases 
when it was noted as absent. 

Alternatives to the conservative schedule (Tables 5 and 
6) were also calculated to provide a range of reproduction 
values. According to the intermediate schedule (Table 5), 
the proportion of pregnant females was 33.3%, and the 
proportion of lactating females was 18% (n = 261; Fig. 3). 
The estimated proportion of reproducing females was there- 
fore 23.6% (46.1 x 51.3), a value that conforms with Rath- 
bun and Powell's (1982) estimate based on data from aerial 
surveys and carcass analysis. The proportion of pregnant 
females is approximately 20% higher in the optimistic 
schedule than in the intermediate schedule (Table 6). The 
conservative schedule is believed to be wrong because of 
the exclusion of some reproductive females that were incor- 
rectly classified and thereby caused low values of reproduc- 
tion parameters. Estimates in the optimistic schedule may 
be inflated because it included females placed in reproduc- 
tion categories by subjective evaluations of their condition. 

Table 5. Intermediate reproduction schedule: reproductive condition of adult female Florida manatees (Trichechus 
manatus latirostris) collected as carcasses in the southeastern United States, 1976-1991; numbers in parentheses 
represent proportion of the total. The number of carcasses of pregnant females includes females that had been 
simultaneously pregnant and lactating. 

Year Total Resting Pregnant Lactating 

1976-77 36 
1978-79 15 
1980-81 21 
1982-83 29 
1984-85 31 
1986-87 35 
1988-89 54 
1990-91 40 
Pooled 261 

29 (0.805) 6(0.167) 1 (0.028) 
9 (0.600) 3 (0.200) 3 (0.200) 

11 (0.524) 7 (0.333) 3(0.143) 
15(0.517) 9(0.310) 5(0.172) 
13(0.419) 13(0.419) 5(0.161) 
11 (0.314) 14 (0.400) 10(0.286) 
23 (0.426) 19 (0.352) 12(0.222) 
16(0.400) 16 (0.400) 8 (0.200) 

127 (0.486) 87 (0.333) 47(0.180) 
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Table 6. Optimistic reproductive schedule: reproductive condition of adult female Florida manatees (Trichechus 
manatus latirostris) collected as carcasses in the southeastern United States, 1976-1991; numbers in parentheses 
represent proportion of the total. The number of carcasses of pregnant females includes females that had been 
simultaneously pregnant and lactating. 

Year Total Resting Pregnant Lactating 

1976-77 39 
1978-79 15 
1980-81 22 
1982-83 32 
1984-85 36 
1986-87 37 
1988-89 60 
1990-91 46 
Pooled 287 

29 (0.743) 9(0.231) 1 (0.256) 
9 (0.600) 3 (0.200) 3 (0.200) 
11(0.500) 8 (0.364) 3(0.136) 

15 (0.469) 12 (0.375) 5(0.156) 
13 (0.361) 18 (0.500) 5(0.139) 

11(0.297) 16 (0.432) 10 (0.270) 

23 (0.383) 25 (0.417) 12 (0.200) 
16(0.348) 22 (0.478) 8(0.174) 

27 (0.442) 113(0.394) 47(0.164) 

Therefore, I interpret the intermediate schedule as the most 
realistic. 

Pregnant, lactating females were recorded only twice 
(0.9% of the sample of sexually mature females). How- 
ever, both fetuses were large, suggesting that milk was 
present for nursing the new infants, not that the female had 
become pregnant while nursing an earlier calf. When one 
of these two carcasses (M-021, 299.7 cm TL, age un- 
known) was recovered in April 1976, a 152-cm fetus 
protruded from its genital aperture; when the other carcass 
(M-155, 355 cm, age -25 years) was found in June 1979, 
it carried a 123-cm fetus. This further implies that female 
manatees cannot give birth more frequently than every 2 
years if the calf survives to independence. 

Manatees usually give birth to single calves but may 
have twins (O'Shea and Hartley 1995; Rathbun et al. 
1995). Each of two carcasses simultaneously carried two 
fetuses at necropsies (M-331,375 cm TL, age -29; M-389; 
313 cm TL, age 7; Fig. 9), corresponding to 4% of all 
detected pregnancies in the carcass sample. Circumstantial 
evidence suggested three other cases of twinning. Three 
pairs of dead young or near-term fetuses were found at the 
same time in the same location (M-190, female perinatal 
young, 103 cm TL; M-191, female perinatal young, 110 
cm TL; MSE-8915, female, 132 cm TL; MSE-8914, male, 
-130-cm; MS W-187, female, 83 cm TL; KDL-8906, male, 
85 cm TL). The proportion of twins in the carcass sample 
(4%) was similar to the proportion reported by Laws 
(1967) in African elephants (Loxodonta africana) but 
slightly higher than the percentage observed in nursing 
manatee young in a larger sample in the wild (O'Shea and 
Hartley 1995; Rathbun et al. 1995) and higher than the 
norm in uniparous mammals (Slijper 1966; Laws 1967). 
The death of one or both twins near birth may explain the 
discrepancy between observed samples in the field and 
carcass samples. Twinning has also been reported in the 

Antillean subspecies (T. m. manatus; Gumilla 1745; Char- 
nock-Wilson 1968). 

Size at birth 

The lengths and the sex of fetuses and carcasses of small 
young were determined. Information was recorded that fa- 
cilitated the classifications as unborn fetuses removed from 
the female at necropsy, aborted fetuses in prenatal develop- 
mental stages, and stillborn or born-alive calves. A distinc- 
tion between live and stillborn births was based on the 
inability of the lung tissue of stillborn animals to float, 
indicating the absence of air in the lungs because the animal 
had never breathed. Born-alive calves were judged to have 
died soon after birth based on meconium in the gastrointes- 
tinal tracts and on unhealed umbilici. The largest unborn 
fetus was recorded in April 1976 and measured 152 cm TL 
or 50.7% of its mother's (M-021) body length. The largest 
newborn (with an attached umbilical cord) was 160.0 cm 
TL. Based on lengths of stillborn calves and calves born 
alive but dying soon after birth (n = 69; Table 7), length at 
birth ranged from 80 to 160 cm with a mean of 122 cm 
(SD=17.1). 

Age-specific Fecundity and Senescence 

Age-specific fecundity was calculated as the number of 
female births/female/year (Caughley 1977) with the formula 

mx = Bxl2fx 

where^: is the number of sampled mature females and Bx is 
the number of females classified as pregnant or lactating. 
Because manatees give birth less frequently than once a 
year, the number of lactating females was adjusted by an 
arbitrary factor of 0.4 to account for dead females that may 
have been in the first year of the lactation period. This value 
was chosen as being intermediate between the possibilities 
of one half and one third of the lactating females recently 
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Fig. 9. Twin, near-term fetuses found during the necropsy of a female Florida manatee (Trichechus manatus tatirostris; M-33I), 
estimated age class 29. Both fetuses were female and measured 132 and 135 cm TL. Photo by C. Beck 

having given birth. Because the range of values by year was 
wide, the data were grouped in 2-year intervals to produce 
a smoother curve and more comparable sample sizes (Ta- 
ble 8). 

Age-specific fecundity increased from zero (age class 0) 
to 0.27 at age of first parturition (age classes 4-5) and 
remained at a level of approximately 0.24 in the intermediate 
schedule (age classes 4 through 29; Fig. 10). Values in age 
class 3 were included in this schedule (4 females with 
indication of pregnancy or parturition; see Age at Sexual 

Maturation) that were not included in the calculation of 
mean age-specific fecundity. Values did not differ across the 
age classes in either schedule (Table 9). The mean age-spe- 
cific fecundity was 0.19 and 0.27 in the conservative and 
optimistic schedules (Table 8). In most mammals, the fecun- 
dity rises from puberty and levels to a plateau (Caughley 
1977). Fecundity is seemingly constant throughout the life 
of a female manatee. Nevertheless, Caughley (1977) pointed 
out that deviations from a constant rate in adult fecundity 
can only be detected in large samples. 

Table 7. Morphometrics of unborn and newborn Florida manatee (Trichechus manatus latirostris) carcasses that were 
collected in the southeastern United States, 1976-1991. 

Length (cm) Weight (kg) 
Standard Standard 

Stage Minimum Maximum Mean deviation n Minimum Maximum Mean deviation n 

Unborn fetus 1.0 152.0 83.5 42.3 43 1.0 45.0 18.8 17.0 19 
Aborted fetus 42.0 112.0 75.3 18.1 42 1.4 32.0 12.5 12.6 7 
Stillborn calf 80.0 152.0 121.0 15.3 29 9.0 35.0 24.1 8.1 9 
Live birth 82.0 160.0 122.7 18.5 40 8.0 47.6 25.8 9.8 24 



MIRIAM MARMONTEL    111 

Table 8. Age-specific fecundity and standard error (SE) of carcasses of female Florida manatees (Trichechus manatus 
latirostris; age classes 2-3 through 38-39) in three reproduction schedules, collected in the southeastern United 
States, 1976-1991. Blanks indicate no data. 

Schedule 
Conservative Intermediate Optimistic 

Age classes Mean SE Mean SE Mean SE 

2-3 0.183 0.032 0.183 0.032 

4-5 0.150 0.045 0.267 0.037 0.285 0.035 

6-7 0.145 0.016 0.219 0.013 0.228 0.013 

8-9 0.174 0.016 0.211 0.015 0.256 0.014 

10-11 0.115 0.016 0.180 0.015 0.233 0.014 

12-13 0.150 0.025 0.173 0.025 0.212 0.024 

14-15 0.314 0.066 0.314 0.066 0.355 0.053 

16-17 0.200 0.036 0.225 0.035 0.225 0.035 

18-19 0.175 0.047 0.240 0.043 0.264 0.040 

20-21 0.175 0.095 0.175 0.095 0.314 0.066 

22-23 0.000 0.000 0.125 0.041 0.125 0.041 

24-25 0.240 0.085 0.271 0.063 0.271 0.063 

26-27 0.500 0.500 0.500 0.500 0.500 0.500 

28-29 0.125 0.083 0.200 0.080 0.250 0.072 

30-31 
32-33 
34-35 0.100 0.150 0.233 0.141 0.233 0.141 

36-37 
38-39 0.200 0.160 0.350 0.238 0.350 0.238 

Average 
AC 4-29 0.189 0.238 0.271 

No peak was identifiable in the potential reproduction or 
decline of reproduction with age. However, sample sizes in 
the older age classes were small. Senescence has only been 
documented in a few species such as humans (Asdell 1964), 
other large primates (Graham 1986), some cetaceans (Perrin 
et al. 1977; Marsh and Kasuya 1984), and elephants (Laws 
et al. 1975). In cetaceans, senescent ovaries are described as 
lacking follicles, corpora lutea, and young or partially re- 

gressed corpora albicantia (Perrin and Donovan 1984). 
Close gross examination of 11 and histological processing 
of 37 reproductive tracts from mature female manatees did 
notreveal signs of senescence. Changes in ovulation rates— 
also indicative of senescence—cannot be detected in mana- 
tees because of the polyovular condition of their ovaries. 
Fluid-filled ovarian cysts are associated with inactive ova- 
ries in dugongs (Marsh et al. 1984). However, in manatees 
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Fig. 10. Age-specific fecundity (female births/fe- 
male/year) by 2-year age-class intervals in a sample 
of female Florida manatees (Trichechus manatus 
latirostris) whose carcasses were salvaged. Squares 
represent fecundity values, bars represent standard 
error, and numbers below bars represent sample 
size. 
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Table 9. Age-specific fecundity of Florida manatee 
(Trichechus manatus latirostris) carcasses in the 
conservative, intermediate and optimistic reproduction 
schedules. Mean in age classes 4 through 29 was 
calculated. Chi-square goodness-of-fit tests were used 
to test for differences in fecundity among the three 
reproduction schedules. 

Schedule Mean df 

Conservative 
Intermediate 
Optimistic 

0.189 
0.238 
0.271 

11.994 
6.759 
7.297 

12 
12 
12 

0.446 
0.873 
0.837 

these cysts were always associated with active ovaries, 
pregnancy, or recent birthing. An extremely large female 
(UF 24989, M-422, CR09F, 375 cm TL, 1,650 kg) at an 
estimated age of 28 years had four fluid-filled cysts and few 
regressed corpora albicantia in the ovaries; the generally 
smooth ovarian surface seemed to be exhausted of follicles. 
Nevertheless, 16 corpora lutea in the right ovary and 8 in the 
left ovary indicated that she was still ovulating. Other obser- 
vations also revealed that manatees remain reproductive into 
old age. Juliet, brought to the Miami Seaquarium as an 
unknown-aged adult in 1958, is still reproductive after 34 
years in captivity (D. K. Odell, Sea World of Florida, 
personal communication). Another female (M-331,375 cm 
TL, estimated age -29 years) was carrying twins when she 
died as a result of a collision with a boat in April 1983. A 
female (KDL-8867, 332 cm, estimated age -35 years) had 
given birth a few weeks before her carcass was found and 
was lactating. A well nourished female (KDL-8745, age -39 
years) had recently given birth and was lactating when she 
drowned in a shrimper's net. Based on only these two old 
reproductive females, minimum estimates of the coefficient 
of female fertility (B, or maximum length of breeding pe- 
riod; Braham 1984) are 0.55-0.60 of the life span, given an 
assumed maximum life span of 60 years. 

Annual Pregnancy Rates 

The pregnancy rate was expressed as the proportion of 
pregnant females in the sample of sexually mature fe- 
males. Data were grouped in 2-year intervals between 
1976 and 1991. More than half of the mature females were 
reproducing (including simultaneously pregnant and lac- 
tating females) in the intermediate schedule. The propor- 
tion of pregnant females (Fig. 3) varied from 16.7 (1976— 
77) to 41.9% (1984-85; Table 5). No temporal trends in 
the probability of female pregnancy grouped in 2-year or 
1-year intervals in the conservative schedule (Table 4) 
could be detected from 1976-91 by logistic regression 
(P - 0.1 for 8 biannual periods and 16 individual years). 
A trend toward increase was detected (P = 0.0001) in the 

intermediate and optimistic schedules when reproduction 
data were grouped by 2-year intervals (Tables 5, 6). If the 
period 1976-77 is excluded from the analysis because of 
uncertainty about the representativeness of the sample, a 
trend is still present in data grouped biannually (P = 
0.0388) and in 14 individual years P = 0.005). 

Annual pregnancy rates were calculated from the quo- 
tient of the proportion of pregnant females and the gesta- 
tion period in years (Perrin and Reilly 1984). The calcula- 
tion rested on the assumptions that the distribution of the 
reproduction condition in the sample reflected that in the 
actual population, biases from seasonal birthing did not 
exist, and no pregnancies were undetected (Perrin et al. 
1977). Some or all of the assumptions may have been 
violated because sick and non-reproductive females may 
die at a greater rate than healthy animals, birthing is 
seasonally diffuse, and some pregnancies went undetected 
for reasons such as decomposition, examiner's inexperi- 
ence, or early pregnancy stage. The variance in the annual 
pregnancy rates was calculated as 

APR * [(1-APR)/«] 

(Perrin and Reilly 1984). The estimated annual pregnancy 
rates spanned a two-fold increase (0.190 to 0.394) by sched- 
ule (conservative, intermediate, or optimistic) and by gesta- 
tion period (Tables 10-12). The range of the estimated 
gestation length was selected based on studies in the field 
and on studies of captive manatees (Odell et al. 1995, Rath- 
bun et al. 1995); 12 months was the most probable length 
(*Dekker 1977; Rathbun et al. 1995). The percentage of 
reproductive females was lowest during 1976-77. This low 
value was probably due to a time-sampling effect; 1977 
began with a severe winter, and an unusually high number 
of carcasses was recorded (*Irvine et al. 1981). Some of 
these were not thoroughly examined and many were badly 
decomposed. In addition, expert recognition of reproductive 
conditions may not have been fully developed by the various 
salvage workers early in the program. Other environmental 
conditions may have influenced the overall temporal fluc- 
tuation in pregnancy rates but are difficult to evaluate with 
available data. An increase in the annual pregnancy rate is 
expected in exploited populations such as in cetaceans 
(Mackintosh 1942; Laws 1961; Fowler 1984), pinnipeds 
(Bowen et al. 1981), and coyotes (Knowlton 1972). The 
proportion of reproducing females seemingly almost dou- 
bled during 1976-91. If adult mortality was excessive, the 
reproduction rate may have increased. However, cases of 
density-dependence often occur in populations at carrying 
capacity (Fowler 1984) and entail a greater availability of 
food resources after a reduction in population size. There is 
no evidence that manatees are at the carrying capacity in 
Florida. Furthermore, the density-dependence concept is 
based on a decreased manatee density. Although population- 
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size estimates are unavailable, certain indices indicate the 
opposite, i.e., the population size may have been increasing 
in recent years. Trend analysis of the counts of aggregated 
manatees in power-plant cooling waters during winter, when 
adjusted for temperature, indicated a significant increase in 
counts of manatees on the eastern coast (Garrott et al. 1995). 
The relation between counts and population size is un- 
known, but this finding does not support a population-size 
decline. Densities of manatees in at least two other wintering 
areas, in the Crystal River and Blue Spring, have also 
remarkably increased since the late 1970's, even though 
some of those increases may be attributable to immigration 
from other sites in Florida (O'Shea 1988; Ackerman 1995). 
Therefore, the difference in the proportion of reproducing 
females over the years may also reflect the differences in 
other investigators' abilities to recognize reproduction 
status, in which case no density-dependence mechanism is 
at work. Another corroborating factor would be increasing 
adult-calf ratios in aerial surveys. Future researchers should 
examine such data. 

Intervals Between Births 

Intervals between births were calculated as the recipro- 
cal of the pregnancy rate (Perrin and Reilly 1984) and their 
variances as 

APR"4 * a APR 

The overall value of eight 2-year periods in the inter- 
mediate schedule was 3 years if the length of gestation was 
12 months (Table 11). Ovulation is physiologically sup- 
pressed during lactation, but observations of wild and 
captive manatees revealed that as soon as young are 
weaned (or lost), the female may again cycle (Hartman 
1979; Odell et al. 1995). At a 1- to 2-year period of calf 
dependency (Hartman 1979) and a gestation of approxi- 
mately another year, the value of 3 years is slightly higher 
than the calculated interval in free-ranging manatees (but 
with smaller sample sizes) by Rathbun et al. (1995) in the 
Crystal River, by Reid et al. (1995) on the Atlantic Coast, 
and by O'Shea and Hartley (1995) at Blue Spring. The 
Crystal River area of northwestern Florida may represent 
a particularly favorable area for giving birth and for rearing 
young, and the rates derived for manatees in that region 
may not necessarily represent manatees throughout Flor- 
ida. Birth rates may be influenced by the age and the health 
of females (a potentially large variable because of non-fa- 
tal boat strikes) and factors such as females who do not 
recycle immediately after young are weaned, ovulations 
that do not lead to conception, or incomplete pregnancies. 
Intervals between births are also time-specific and influ- 
enced by the variability in pregnancy rates and subject to 
the biases in sampling. The actual number of offspring is 
constrained by the mortality in the age classes of the 

reproductive and pre-reproductive females. It is also con- 
strained by nonlethal injuries or diseases that cause disrup- 
tions of the estrous cycle. In a total number of 36 repro- 
duction years (B = 0.6) at an interval between births of 3.0 
years, a female manatee produces an average of 12 young 
during her lifetime. At an assumed interval of 2.5 years 
between parturitions (O'Shea and Hartley 1995; Rathbun 
etal. 1995; Reid et al. 1995), the potential maximum num- 
ber of offspring by a female manatee is 14. The calculated 
numbers of young per lifetime in manatees corresponds 
well with the norm in mammals (Eisenberg 1981). 

Rates of Reproduction 

The analysis of the database on salvaged carcasses 
during April 1976-December 1991 suggested a sex ratio 
close to 1:1 (Table 13). The average proportion of females 
in the sample that were mature during 1976-91 (animals 
for which information on reproduction is available) was 
46.1% (212 of 460), and in the sample of specimens of 
known age and reproduction, 52% (143 of 275). 

The gross annual reproduction rate was calculated as 
the product of the proportion of females in the population, 
the proportion of mature females, and the annual preg- 
nancy rate (Smith 1983; Perrin and Reilly 1984). It repre- 
sents the annual rate of the production of calves or a 
measure of recruitment into the total population (rather 
than into a specific age class) if no mortality takes place 
during the time of the estimate (Braham 1984; Perrin and 
Reilly 1984). 

The average recruitment rate ranged from 0.044 to 0.090 
in the three schedules; the mean was 0.077 at a gestation 
length of 12 months in the intermediate schedule (Table 11). 
This represents an approximate 8% potential increase of the 
population (birth rate) without mortality of young calves. 
Because the annual reproduction rate is sensitive to the 
percentage of mature females and to the annual pregnancy 
rate, some bias toward a low value may be expected because 
of violations of the assumption that the sample was repre- 
sentative (because of decomposition or observer-missed 
pregnancies). Another way to obtain an estimate of the gross 
reproduction rate would be to equate numbers of lactating 
females with numbers of calves. This excludes the young 
that did not survive the neonatal period but includes larger, 
still dependent young, potentially overestimating the true 
value of the parameter. The percentage of lactating females 
in the sample was 0.18. Hence, the real recruitment rate is 
probably between 8 and 18%. Only with accurate account- 
ing of reproductive females in the population can the uncer- 
tainty associated with this estimate be removed. Field studies 
and aerial surveys provide a similar range of estimates. 
Rathbun et al. (1995) calculated an average of 13.5% calves 
in the Crystal River population, which includes first- and 
second-year young. The average percentage of calves in 
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Table 13. Sex ratio in different age categories of Florida manatee carcasses (Trichechus manatus latirostris) collected 
in the southeastern United States, 1976-1991; chi-square tests of even distribution of age categories, adjusted for 
continuity (df= 1). 

Category Females Males Ratio x2 P 

Unborn fetuses 14 24 0.58 0.857 0.355 
Stillborn or aborted calves 21 20 1.05 0.0 1.0 
Dependent calves (age classes 0-1) 508 605 0.84 4.062 0.044 
Subadults (age classes 2-3) 87 80 1.09 0.075 0.784 
Adults (age classes 4-59) 210 227 0.95 0.258 0.612 

aerial censuses during a 15-year period was 9.56% 
(♦Reynolds 1992), where calves were defined as less than 
half the length of a closely associated animal. 

Low reproduction and long life span are not unique to 
manatees, but are part of the life-history strategies of some 
birds (Amadon 1964, Mertz 1971), many species of 
whales (Ridgway and Harrison 1985), several herbivores 
(Verheyen 1954; Goddard 1970; Laws et al. 1975), and a 
few carnivorous mammals (Ridgway and Harrison 1981; 
Nowak 1991). Some requisites associated with low rates 
of reproduction include a stable environment, approxi- 
mately permanent geographic ranges, and freedom from 
ongoing forms of mortality such as predators. Slowly 
reproducing species are not good colonizers and could not 
recover quickly after a population crash or a massive 
destruction (Mertz 1971). 

Antillean Manatee 

In addition to the larger sample, 13 ear bones from dead 
females recovered in Puerto Rico were made available by 
the Caribbean Stranding Network. These included animals 
from 142 to 300 cm TL. Information on reproduction from 
one large female (NEP-ST-164) supported the conclusion 
that they reproduce into old age. This specimen had re- 
cently been pregnant and died in May 1991. Her estimated 
age was 25 years. 
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Abstract. Many free-ranging Florida manatees (Trichechus manatus latirostris) are scarred from 
encounters with boats, entanglement in fishing gear, or fungal infections. A computer-based system, 
the Manatee Individual Identification System, was developed in 1988 to aid with cataloging manatees 
with distinct features. An IBM PC-compatible 386 computer with a 150-Mbyte hard-disc drive is used 
with the system. A serial pott connects the computer to a videodisc player that displays images on a 
30.5 cm NTSB, superfine-pitch color monitor. The foundation of the Manatee Individual Identification 
System catalog is high-quality photographs. Cataloging criteria are conservative and require manatees 
to be well photographed. A permanent unique feature must be recognizable in future photographs. 
Feature codes that describe each scar or mutilation of each individual are created and stored in a features 
database. A total of 913 manatees were cataloged in the system by 31 December 1991. Deaths of 42 
cataloged manatees were recorded. Features of 482 manatees on the Atlantic Coast were coded. 
Records of sightings (9,796; x = 10.7/animal) of all individuals (except of the Blue Spring residents, 
which are filed in a separate database) were updated through 1991. The number of resightings of 
cataloged manatees is greatest during December, January, and February when manatees are aggregated 
in warm-water refugia. Most resightings are annual. The longest interval between initial sighting and 
first resighting of one individual was 11 years. The photo-identification catalog has been useful for 
studies of populations that include analyses of movements, reproduction traits, and survival. 
Suggestions are made for the improvement of the technique. 

Key words: Identification, Florida manatee, photo-identification, scars, Trichechus manatus 
latirostris, resightings. 

Natural marks and scars have been used to identify Powell and Rathbun 1984; Reid et al. 1991; O'Shea and 
individual animals in studies ofthe behavior and ecology Hartley 1995; Rathbun et al. 1995). In 1982, a statewide 
of large mammals (Katona and Whitehead 1981; Darling catalog of photo-identification of distinctive manatees 
and McSweeney 1985;Miththapalaetal. 1989;Mizroch was assembled (Reid et al. 1991), which incorporated a 
et al. 1990). Moore (1956) first identified and recorded manually sorted, punched-card system. Codes of unique 
sightings of uniquely marked Florida manatees features were used to access the records of individuals in 
{Trichechus manatus latirostris), and his technique has the system. By 1988, the number of cataloged manatees 
been used by others since the late 1960's (Hartman 1979; was unwieldy, and a computer-based system was devel- 

oped for maintaining the catalog. This system and the 
  characteristics of the resulting database are described in 

1 Now with the National Biological Service, same address. this report. 
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Methods 

Identification of Manatees 

This is the first published description of the identifi- 
cation system. The Manatee Individual Identification 
System is an interactive videodisc-microcomputer data- 
base. Developed by Greyrock Software of Maryland, the 
system is a Clipper-compiled dBase in application. The 
data files of the system are stored in DBF format, and 
modifications to the data files can be done with the 
system or with dBase. The menu-driven system is user- 
friendly and offers a rapid method for searching a fea- 
ture-code database to match new and former photo- 
graphs of cataloged manatees. Minimum hardware 
specifications for the system include an IBM PC-com- 
patible 286 microcomputer with 640K RAM, a videodisc 
player, and a color monitor. The system currently is 
operated under MS-DOS 5.0 on an 80386,25 MHz com- 
puter with 640K RAM, 150-Mbyte hard-disc drive and 
with an access time of 17 ms. A serial port connects the 

computer to a Pioneer LDV-4200 videodisc player that 
displays photographic images on a Sony PVM-1271Q 
30.5-cm color monitor. 

The catalog is dependent on high-quality photographs 
of distinct features of each manatee (Reid et al. 1991). 
Features may be anywhere on the animal; photos of the 
tail, dorsum, and lateral aspects of the animal are neces- 
sary (Figs. 1-10). Unique features are not common on 
the ventrum. Corresponding field notes accompany all 
photographs of scarred individuals and include sketches, 
exposure numbers, sighting date and location, size class, 
and reproduction information. 

Opportunities for photographing are available when 
manatees are aggregated in refugia in winter and in areas 
that are well frequented in summer. During radio-track- 
ing of tagged manatees, accompanying animals also are 
photographed. Photographs are taken from a boat or from 
shore when the animals are cruising at or near the sur- 
face, resting on the surface, or surfacing to breathe. At 
some sites, photographs are also taken underwater. At 
Blue Spring, water clarity is good and the population is 

Fig. 1. Cataloged Florida manatee (Trichechus manatus latirostris) RB 257; recorded features on the left dorso-lateral trunk. Photo 
courtesy ofSirenia Project, National Biological Service. 
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Fig. 2. Cataloged Florida manatee (Trichechus manatus latirostris) RB 257; recorded features on the right dorso-lateral trunk. Photo 
courtesy ofSirenia Project, National Biological Service. 

Fig. 3. Cataloged Florida 
manatee (Trichechus 
manatus latirostris) 
RB 257; recorded mu- 
tilations and scars on 
the tail. Photo courtesy 
ofSirenia Project, Na- 
tional Biological Serv- 
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Fig. 4. Cataloged Florida 
manatee (Trichechus 
manatus latirostris) 
RB 257; recorded tail, 
taken 2 years after the 
photograph in Fig. 3. 
The integrity of the 
white scars and the mu- 
tilation silhouette re- 
mained. Photo courtesy 
of Sirenia Project, Na- 
tional Biological Serv- 
ice. 

Fig. 5. Cataloged Florida 
manatee (Trichechus 
manatus latirostris) 
RB 358 with a unique 
white blotch scar on the 
left mid-trunk (feature 
code = SLB1LWB). 
Photo courtesy of Sirenia 
Project, National Bio- 
logical Service. 
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Fig. 6. Cataloged Florida manatee (Trichechus manatus latirostris) CR 202 with a unique series of gray line scars caused by a propeller 
strike on the dorsal posterior trunk (feature code = SDC4MGL). Photo courtesy qfSirenia Project, National Biological Service. 
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Fig. 7. Cataloged Florida manatee (Trichechus manatus latirostris) BC 9 with a white blotch scar with a feature code identical to 
that of RB 358 (Fig. 5), yet with two unique features. Photo courtesy ofSirenia Project, National Biological Service. 

Fig. 8. Cataloged Florida manatee (Trichechus manatus latirostris) CR 75 who lost a flipper, probably caused by entanglement in 
fishing gear (feature code = MRF1L). Photo courtesy ofSirenia Project, National Biological Service. 
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Fig. 9. Cataloged Florida manatee (Trichechus manatus latirostris) CR 22 with tail mutilations from fungal lesions (feature codes = 
MLY2S, MRY4M). Photo courtesy ofSirenia Project, National Biological Service. 

closely monitored by a single, experienced researcher 
(O'Shea and Hartley 1995; O'Shea and Langtimm 
1995). The water is clear also at Crystal River, 
where many manatees are habituated to humans, and 
experienced researchers have photographed manatees 
underwater for many years (Hartman 1979; Powell and 
Rathbun 1984; Rathbun et al. 1990, 1995). Manatees in 
other sites are less intensively monitored, partly because 
of variable sighting conditions. Aggregation sites in 
Georgia, and in Jacksonville, Brevard County, Fort 
Pierce, Port Everglades, Miami, Fort Myers, and Tampa 
Bay in Florida are in dark, often turbid, water and pho- 
tographs of manatees are usually taken from shore or 
from a boat. Water clarity is better at Riviera Beach, 
where manatees are photographed underwater and from 
above the surface of the water. 

Photographed manatees are only included in the cata- 
log if they meet the following criteria: the manatee has 
at least one distinct and permanent (healed) scar or 

mutilation; photographs of the entire body of the mana- 
tee (tail, back, and sides) are available; and clear, good- 
quality photographs depict the features for identifica- 
tion. Manatees currently are cataloged by the first date 
of a recorded sighting. 

When a new individual is entered into the catalog, an 
identification number is assigned and a composite sketch 
of all distinct features is drawn from photographs onto a 
diagrammatic outline of a manatee (Fig. 11). Many 
manatees have multiple features. Each feature (or pattern 
of scars) is sketched, coded, and entered as a single 
record into DBF files. Identity information, feature 
codes, and sighting records of each manatee are stored 
in three separate dBase files. 

Identity Files 

Information about each manatee is stored in the iden- 
tity files. The identification number prefix is a two-letter 
code (Table 1) that represents the geographic area where 
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Fig. 10. Rehabilitated Florida manatee (Trichechus manatus latirostris) with a freeze brand on the left anterior trunk; photographed 
just prior to release. Photo courtesy ofSirenia Project, National Biological Service. 

the manatee has been sighted most commonly followed 
by a unique number. Names of some individuals also are 
included. When known, the dates of birth and death of 
each manatee are listed in this file. 

Feature Files 

Feature files store the codes that describe the unique 
features (e.g., scars, mutilations) of each individual. Fea- 
tures are manually coded from photographs, a composite 
sketch, and field notes. Feature codes are used to de- 
scribe unique identifying features and the animal's sex 
and may contain as many as seven characters (Fig. 11). 
The first character of the code describes the feature type 
in eight possible choices (e.g., S = scar, M = mutilation). 
Two of these eight types are one-letter codes without 
further feature description (K = trunk plain, L = tail 
plain). Two are two-letter codes for sex (XF = female or 
XM = male) and the natural medial tail-notch codes 
(NN = none, NS = small, NM = medium, or NL = large). 

Because four of the eight possible feature types (scar, 
mutilation, deformity, freeze brand) can be present on 
any part of the manatee (although rarely on the venter), 
the general region is included as the second-character 
entry of these four types (e.g., R = right side). One of 
eight position choices (e.g., A = anterior trunk, F = flip- 
per, Y = posterior tail) for the feature in the region is 
coded as the third character. The remaining characters 
that make up the complete feature code are the number 
of marks constituting the feature (1 = single, 2 = two or 
three, and 4 = four or more), the overall feature size 
(S = small, M = medium, or L = large), the predominant 
color (W = white or G = gray), and the overall shape 
(L = line or B = blotch). Color and shape are not in- 
cluded if the feature type is a mutilation (portions of the 
flipper or tail missing; Figs. 1-10). As many as five 
photographs of each individual that best illustrate the 
most distinct features are archived on a videodisc and can 
be accessed through the program and displayed on a 
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ID#. sex. 

Nickname. 

Feature Codes 

TYPE 

S - scar 
M - mutilation 
D - deformity 
F - freezebrand 
N - medical notch 
K - trunk plain 
L - tail plain 
X - sex 

REGION 

dorsal 
left 
right 

V - ventral 

D 
L 
R 

POSITION 

F - flipper 
H - head 
A - ant. trunk 
B - mid. trunk 
C - post, trunk 
D - peduncle 
X - ant. tail 
Y - post, tail 

NUMBER 

1 - single 
2 - 2 or 3 
4 - 4 or more 

SIZE 

L - large 
M - medium 
S - small 

COLOR 

G - gray 
W- white 

SHAPE 

B - blotch 
L - line 

Fig. 11. Form for creating a composite sketch of Florida manatee (Trichechus manatus latirostris) features from photographs and 
for coding each feature prior to entry into the Manatee Individual Identification System catalog. 
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Table 1. Location codes for the standardization of identification numbers and Florida manatee (Trichechus manatus 
latirostris) sightings in the southeastern United States through December 1991. 

East Coast 
BC - Brevard County area, Indian and Banana rivers 
BS - Blue Spring State Park, St. Johns River 
FP - Ft. Pierce power plant, St. Lucie River, Vero Beach 
GA - Georgia 
JX - Jacksonville area, including industrial plants and Fernandina Beach 
MI - Miami area, including Biscayne Bay, Little River, and Miami River 
PE - Port Everglades power plant, Ft. Lauderdale, New River 
RB - Riviera Beach power plant, Loxahatchee River, Lake Worth, Höbe Sound 

West Coast 
CR - Crystal River area, including Inglis Lock and Chassahowitzka, Homosassa, Suwannee, and Withlacoochee rivers 
FM - Ft. Myers area, including Orange and Caloosahatchee rivers.Charlotte Harbor, Franklin and Moorehaven locks 
TB - Tampa Bay area, including TECO power plant and Alafia River 

video monitor. A videodisc that can accommodate 
54,000 images is used for the Manatee Individual Iden- 
tification System. 

Sighting Files 

Sighting files list the date, specific location, and ob- 
server of each sighting and are stored in a separate 
database file. Recorded death dates are also entered in 
these files. Sighting locations are assigned the same 
two-letter standardized codes used to prefix identifica- 
tion numbers (Table 1) and indicate the general geo- 
graphical region of the sighting. The next characters are 
numerical codes specifically created for locations of 
frequent sightings. The reproductive status (e.g., preg- 
nant, with calf) or activity (e.g., nursing, with herd of 
males) at each sighting is included. Size class, based on 
approximate length, also is entered. A space for com- 
ments about other relevant information is provided. 
These files allow more efficient retrieval and analyses of 
sightings and histories of reproduction of individuals 
than manual sorting. 

Operation of the Manatee Individual 
Identification System 

After each winter field season, new photographs are 
presorted prior to searches for matches in the Manatee 
Individual Identification System. For each designated 
site, each photographer manually sorts the photographs 
of individual manatees and arranges these slides by type 
of feature, thereby separately grouping all photographs 
of head scars, right trunk scars, tail mutilations, and so 
on. Matches of individuals in these subcategories are 
made and pooled before the computer is accessed. 

The system can be used for two purposes. First, a 
direct access portion of the program allows the operator 
to retrieve the photographs, feature codes, and sighting 
history of a specific manatee by entering the manatee's 
identification number or name. Secondly, a search can 
be made for a match between a newly photographed and 
a cataloged manatee by entering a feature code of the 
new individual. The computer then searches the entire 
database or a specific region of the state and retrieves a 
list of all cataloged manatees with feature codes like the 
entered code. The computer screen displays a list of the 
identification numbers of manatees that are possible 
matches. As the operator scrolls through this list, features 
previously sketched onto a manatee outline and a list of 
all feature codes of that individual are simultaneously 
displayed. Photographs of each listed manatee on the 
videodisc are accessed by the videodisc player and si- 
multaneously displayed on another monitor for the op- 
erator's comparison with the newly photographed mana- 
tee. In this way, the operator can quickly evaluate all 
possible candidates for a match. In practice, the final 
verification or elimination of a possible match is made 
by comparing additional photographic, archived files of 
each cataloged individual. For matching old photographs 
with records in the catalog, photographs and information 
files of deceased, cataloged manatees are maintained in 
the system. 

Results 

The Manatee Individual Identification System con- 
tains records of 913 manatees that were cataloged 
through December 1991. The number of new individuals 
added each year decreased in recent years, although 
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Years between sightings 

Fig. 12. Yearly intervals between resightings of cataloged 
Florida manatees (Trichechus manatus latirostris), 
1975-1991. 

nearly 6,000 photographs are now handled annually. 
Sightings of known individuals steadily increased as 
photoidentification increased and new manatees were 
added to the catalog. Most intervals between sightings 
of living manatees are short, usually a single year. When 
cataloged, most manatees are resighted every year, usu- 
ally on more than one occasion (Fig. 12). However, 
one individual was first resighted after an 11-year inter- 
val. 

Nine hundred and thirteen individuals are identified 
in each region (Table 2). Feature codes of 482 manatees 
(n = 1,865 features, x = 3.9/manatee, SD ± 1.9, CV = 
48.5%) from seven Atlantic Coast sites (prefixes BC, BS, 
FP, JX, MI, PE, RB) are entered (Table 1). Feature codes 
of manatees from some BS sites and from West Coast 
sites CR, TB, and FM have not yet been created. Nearly 

Table 2. Number of cataloged Florida manatees (Trichechus 
manatus latirostris) identified by region through 
December 1991. See Table 1 for key to abbreviations. 

East Coast West Coast 

BC 128 CR                   279 
BS 51 FM                    59 
FP 6 TB                     25 
JX 23 
MI 28 
PE 118 
RB 196 

Totals 550 363 

all coded features are either scars (n = 950) or mutila- 
tions (n = 499), and the remaining codes are categorized 
as natural medial-tail notches (n = 110), plain (un- 
marked) trunks (n = 19), plain tails (n = 30), freeze 
brands (n = 2), congenital deformities (n = 4), or sex 
(n = 251). Approximately 1,300 photographs of 729 
manatees are archived on the videodisc (range = 1-5/in- 
dividual). The videodisc does not yet include photo- 
graphs of manatees cataloged since 1988. 

However, sighting histories through 1991 were up- 
dated and consist of 9,796 entries (x= 10.7/animal; Ta- 
ble 3). Because manatees are more accessible for pho- 
tography in winter and observer effort is increased at 
warm-water refugia, the number of sightings is greater 
in winter than in summer (Fig. 13). 

The sex of 295 cataloged manatees is known, al- 
though feature codes of 44 of these manatees have not 
yet been entered. Known females (n = 200) outnumber 
known males (n = 95) because, at least in part, sex of 
females can be determined by the close association of a 
nursing calf with an adult. Direct observation of the 
genital area, which is difficult and not always possible, 
is used to identify the sex of males and females without 
calves. 

Manatees with fresh wounds, small features, or in- 
completely recorded features are categorized as distinct 
unknowns (DU), and their photographic records are ar- 
chived in separate files for possible later inclusion in the 
system. Poor-quality photographs may also cause a 
manatee's categorization as DU. Nearly 15,000 photo- 
graphs are of DUs, and most were taken at Atlantic Coast 
sites. As part of the yearly working files of photographs, 
the DU files remain arranged by geographic area and are 
sorted by feature type and location on the animal (e.g., 
all manatees with head scars photographed in Miami are 
grouped together). The DU files include the following: 

Manatees with photographs of only a portion of the 
body. For example, a manatee with a photograph 
of a well-documented tail scar but without a 
photograph of the trunk would not be cataloged in 
the system. The photograph is temporarily filed as 
a DU until complete documentation is made. 
(However, a tail or trunk photo alone may be 
sufficient to match the manatee to a previously 
cataloged animal with full documentation.) 

Manatees with fresh wounds and without other 
distinct, identifying features. Feature codes for 
fresh wounds are not created until the wounds are 
healed and the final or near-final size, shape, and 
coloration of the feature can be ascertained. 
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Table 3. Number of sightings of cataloged Florida manatees 
(Trichechus manatus latirostris) in each region through 
December 1991. See Table 1 for key to abbreviations. 

Number of 
Site Number of sightings individuals 

East Coast 

BC 888 199 
BS 106 50 
FP 77 47 
GA 13 9 
JX 89 46 
MI 398 52 
PE 881 179 
RB 851 240 

West Coast 

CR 6,203 277 
FM 235 57 
TB 55 26 

Manatees with very small or indistinct features. 
These cannot be used as the sole identifying 
feature, although they may aid in discerning 
differences between manatees with other similar 
features. 

Since the cataloging of individual manatees began, 42 
dead manatees with previous sighting histories have 
been identified. Thirty-seven of these were previously 

cataloged and five were matched with individuals in the 
DU files. 

Discussion 

A substantial photo-identification database and an 
automated system for sorting the information are ideally 
suited for studies of manatee population biology. The 
photo-identification technique has already resulted in the 
documentation of complex seasonal movement patterns 
(Reid et al. 1991), long histories of reproduction of fe- 
males (O'Shea and Hartley 1995; Rathbun et al. 1995; 
Reid et al. 1995), and in the estimation of adult survival 
(O'Shea and Langtimm 1995). The potential for other 
complex applications also deserves attention by future 
investigators. For example, use of this database with new 
advances in statistical approaches may provide further 
understanding of reproductive traits (Barlow 1990), site 
fidelity (Hestbeck et al. 1991), survivorship (Lebreton 
et al. 1992), and perhaps eventually, estimation of popu- 
lation size. Parallel advances in the use of photo-identi- 
fication to study other marine mammal populations are 
found in Hammond (1986). 

Because of the high potential of the Manatee Individ- 
ual Identification System and photo-identification data- 
base for quantification of important aspects of manatee 
population dynamics, several attributes of the process 
need refinement and further development, notably, in- 
creasing the efficiency with which individuals are 
matched or entered into the catalog and investigating the 
probability of meeting assumptions that are important for 
certain statistical uses of the data set. 
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Fig. 13. Sightings of all cataloged Florida manatees (Trichechus 
manatus latirostris) in all areas by month, 1977-1991. 

Increasing Cataloging 
Efficiency 

Maintaining current video images of manatees is 
problematic, partly because of the high cost of frequently 
remastering the videodisc. The comparison of newer 
photographs with those already on the videodisc and the 
determination of the value of replacing old images are 
time consuming. About 6,000 photographs are handled 
each year, and frequent replacement of old video images 
would be inefficient and expensive. The ability to di- 
rectly capture images from slides without the delay and 
expense of mastering a new videodisc would allow more 
frequent updates of the photographic files, including 
adding images of newly acquired features of known 
manatees and of newly cataloged manatees. The feasibil- 
ity of optical disc storage or other technology is being 
explored. 

The enormous size and complexity of the DU photo- 
graphic collection dictates the need for an alternate sys- 
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tem of handling these photographs. The DU photographs 
from some areas date to the early 1970's and probably 
include dead manatees whose carcasses were not identi- 
fied; manatees with small features that later were masked 
by newer features that may be included separately in the 
DU files or in the Manatee Individual Identification 
System catalog; manatees with new wounds that healed 
in such a way that the animals were not recognized as 
catalogued individuals; manatees whose records are in- 
complete, for example the marked tail and trunk of the 
same animal were represented twice; and manatees that 
have not yet been matched. Most of these photographs 
are sorted by hand, and matches are undoubtedly missed. 
All photographs not matched to cataloged manatees re- 
main in the DU binders. Because these photographs are 
sorted by feature type, matches in the DU files are made, 
and a manatee may eventually be matched with a cata- 
loged manatee or may be added to the catalog as a new 
individual when its record is completed. However, files 
of manatees photographed at different sites or not seen 
for several years may not be matched because of the 
overwhelming volume of photographs that must be visu- 
ally examined. A separate system to more efficiently 
handle these photographs would be helpful. Field per- 
sonnel also must be allowed to dedicate more office time 
to handling photographs. 

Photographs are taken opportunistically and depend 
on the availability of field personnel and weather condi- 
tions (prolonged cold periods result in denser aggrega- 
tions and allow more intensive photography). Stand- 
ardization of photographic methods and efforts to 
enumerate and categorize the manatees photographed at 
each study site are underway. These include total counts 
of manatees at a site, including the numbers that are 
marked, unmarked, or not categorized (i.e., not dis- 
cernable). Instituting sampling methods to improve de- 
termination of the number of manatees at each site during 
a discrete time period may allow the use of the Manatee 
Individual Identification System catalog for estimating 
survival or population sizes. This will require additional 
researchers and testing of new methodologies. A con- 
certed effort to fully document features of each manatee 
carcass also is essential. 

Meeting Important 
Assumptions 

Hammond (1986) noted several problems in studies 
when the recognition of individual animals is achieved 
using naturally occurring marks and not by tags or de- 
vices placed on the animals by investigators. Two major 
requisites common to all potential uses of manatee 
photo-identification databases are the need for perma- 
nent and unchanging marks and the need for unique 

patterns of marks on each animal. Processes of sorting 
and reviewing images by eye that minimize the potential 
for errors in identification are also necessary. Some of 
these problems are probably minimized with the manatee 
scar catalog and the restrictive criteria before unique 
identification numbers are assigned. However, they have 
not yet been directly addressed or quantified. For exam- 
ple, many Florida manatees have scar patterns from 
multiple accidents (Wright et al. 1995), and living indi- 
viduals that obtained new patterns over time are regu- 
larly recognized. Nonetheless, the amount of informa- 
tion in the original patterns usually is great enough to 
allow recognition of unique features despite changes and 
additions. The high rates of resighting each year 
also minimize the problems with features that ac- 
crued between resighting periods and increase the ease 
of recognition. Hammond (1986) reviewed approaches 
by other investigators to quantify the probabilities of not 
recognizing individuals because of changes in marks 
(e.g., double-tagging methods) and to calculate the prob- 
ability that patterns of separate individuals are indistin- 
guishable. Similar approaches should be made in fu- 
ture analyses of the manatee photo-identification 
database. 

Furthermore, several other assumptions must be met to 
satisfy requirements for using manatee photo-identifica- 
tion data with various capture-recapture, statistical mod- 
els. Treatment of each of these assumptions is beyond the 
scope of this paper but must be considered in future 
analyses. O'Shea and Langtimm (1995) characterized as- 
pects of many of these assumptions because they pertain 
to calculations of survival from the manatee photo-identi- 
fication database with the Cormack-Jolly-Seber open 
population models (Pollock et al. 1990). General reviews 
of the assumptions in various population-size estimations 
were produced by Hammond (1986), Pollock et al. (1990), 
Lebreton et al. (1992), Nichols (1992), and references 
therein. Some of these assumptions are knowledge of how 
representative the members of the marked population are 
of the unmarked population and the requirement of equal 
probabilities of survival and capture among individuals. 
For manatees, the latter involves equal probabilities of 
sighting individuals, equal probabilities of photographing 
markings, and sorting and treatment of photographs by 
strict guidelines. For certain analyses, problems from het- 
erogeneity in capture probabilities may be minimal if 
probabilities of capture of Florida manatees are as high as 
reported (O'Shea and Langtimm 1995). Adult survival 
rates do not seem to vary greatly with age or between sexes 
in study areas (O'Shea and Langtimm 1995). More strin- 
gent tests of the assumptions must be done for the use of 
the full range of potential applications of the manatee 
photo-identification database. 
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Abstract. Free-ranging manatees (Trichechus manatus latirostris) along the coast of northwestern 
peninsular Florida aggregate during winter at warm-water springs in the Crystal and Homosassa rivers. 
Most individuals in these populations are identifiable by distinctive scar patterns. Histories of 
reproduction were collected during 1976-91 and were used to characterize the population's traits of 
reproduction. In addition, data from aerial surveys and recovered carcasses were used to further define 
characteristics of reproduction. The adult and calf sex ratios were not significantly different from 1:1. 
Herds of manatees exhibiting mating behavior were most frequenfly sighted in spring, and births rarely 
occurred during winter, suggesting diffusely seasonal reproduction. The duration of gestation was 
about 12 months. Litter size was normally one, but about 1.4% of the births were twins. Calf mortality 
from late pregnancy to initial identification was about 33%. The average period of calf dependence on 
the mother was 1.2 winter seasons, and the average interval between births was 2.5 winter seasons. 
Females reached sexual maturity at an average age of 3.2 years. About 36% of calves were recruited 
into the population. The longest period of reproduction of a female was 22 years, which represents a 
minimum estimate of the reproductive life. The fecundity (number of first-year calves per number of 
sexually mature females per year) was 0.4, the crude birth rate (number of first-year calves per total 
number of individuals, including calves) was 0.11, and the gross birth rate of the population (total 
number of calves per total number of individuals including calves) was 0.13. The biology of 
reproduction of the Florida manatee and of the dugong (Dugong dugori) is similar except for sexual 
maturity, which is attained at 9-10 years in the dugong. Sufficient information for most comparisons 
is not available on other sirenians. 

Key words: Crystal River, Florida manatee, Trichechus manatus latirostris, reproduction, life history, 
scar patterns. 

The West Indian manatee (Trichechus manatus) was causes, extent, and patterns of manatee mortality. Be- 
listed as endangered under the Endangered Species Act tween 1976 and 1981, 367 carcasses were recovered in 
of 1973 (*4U.S. Fish and Wildlife Service 1990). The Florida. Anthropogenic deaths (122) accounted for 33% 
principal reason for this listing was excessive mortality of the total mortality, and boat strikes (87) were respon- 
in Florida. In 1974, research into the status of the Florida sible for 71 % of the anthropogenic deaths (O' Shea et al. 
manatee (T. m. latirostris) was initiated by the U.S. Fish 1985). The number of carcasses recovered each year 
and Wildlife Service. Part of this research included car- continues to increase (Ackerman et al. 1995), and so 
cass recovery (*Bonde et al. 1983) to quantify the does public concern for the future of the Florida manatee 

(Reynolds 1995). 
~                                          ....,„,       ~       L The development of techniques to determine the 1 Present address: National Biological Service, Piedras Biancas Research r               ,       ,               ,,         •    ,r>    ,     j 

Station, P.O. Box 70, San Simeon, Calif. 93452. abundance of manatees has been problematic (Packard 
2 Now with the National Biological Service, same address. et al. 1986; Lefebvre and Kochman 1991; Lefebvre et al. 
3 Present address: Wildlife Conservation International, Bronx, N.Y. 1995). The habits of manatees are generally secre- 
4 An asterisk denotes unpublished material. tive (Hartman 1979), and the animals typically occur in 

10460. 
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complex and turbid waterways (*Beeler and O'Shea 
1988), which complicates censusing. The deficiencies in 
the understanding of manatee abundance have compli- 
cated an interpretation of the significance of the docu- 
mented mortality to the population (*0'Shea 1988). 
Similarly, not enough has been known about the biology 
of reproduction in manatees. 

Beginning in winter of 1976-77, the U.S. Fish and 
Wildlife Service began long-term research on the life 
history of manatees in the Crystal River. In this paper, 

we summarize the characteristics of reproduction of 
identifiable manatees from the southern Big Bend area 
of Florida (Fig. 1) during a 15-year period. With addi- 
tional information from aerial surveys and carcass recov- 
ery, we developed quantitative estimates of the charac- 
teristics of reproduction of free-ranging manatees. These 
data contribute to a better understanding of the popula- 
tion dynamics of the Florida manatee, especially the 
significance of the presumably high yearly mortality 
since the early 1970's. 
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Fig. 1. The southern Big Bend study area of Florida, illustrating the major rivers used by manatees and other important place names. 
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Methods 

Study Sites 

The Crystal and Homosassa rivers are about 12 km apart 
on the southern Big Bend coast in Florida (Fig. 1). The 
Crystal River flows about 11 km from its spring-fed head- 
waters in Kings Bay to the Gulf of Mexico, and the Ho- 
mosassa River flows about 12 km from its spring to the gulf. 
Artesian springs maintain the water temperatures in winter 
at the headwaters of these two rivers at about 23° C, well 
above those of other rivers that are not spring-fed along the 
southern Big Bend coast (Hartman 1979). Because manatees 
have a high thermoneutral zone (Irvine 1983), they begin to 
aggregate in the upper Crystal and Homosassa rivers in late 
September to escape the cooling waters of the other rivers 
and of the Gulf of Mexico (Kochman et al. 1985). In March, 
with the return of warm weather, most of the refuged mana- 
tees disperse along the Gulf coast of Florida and move as far 
north as the Wakulla River on the Panhandle and as far south 
as Sanibel Island near Fort Myers (Rathbun et al. 1990; Fig. 
1). In this vast area, finding and observing the manatees 
during the summer is nearly impossible because they are so 
widely dispersed in turbid coastal waters. At least 88% of 
the individuals return every year to the winter refuges in the 
Crystal and Homosassa rivers (Rathbun et al. 1990). Be- 
cause the manatees intersperse between the winter refuges 
in the Crystal River and in the Homosassa River during and 
between winters (Rathbun et al. 1990), data on manatees in 
these two areas are combined. 

Identification of Individuals 

Boats in Florida often strike manatees, which causes 
distinctive wound and scar patterns (Beck et al. 1982). 
Rathbun et al. (1990) estimated that more than 80% of the 
independent (weaned) individuals in the winter refuges in 
the Crystal and Homosassa rivers are identifiable from 
scars and other naturally occurring features. Wounds and 
scar patterns, however, are dynamic; patterns slowly 
change as wounds heal and new deformities are accumu- 
lated (Powell and Rathbun 1984; Beck and Reid 1995). 

Since the late 1960' s, the public has been swimming with 
the refuged manatees in the Crystal River. As a consequence, 
many of the animals have become habituated to the presence 
of people, and some actually solicit attention from snorkel- 
ers. During winter seasons, we visited both rivers and swam 
among the manatees, photographing distinctive individuals. 
We also took photographs of animals from boats. Notes on 
location, associated manatees, behavior, sex (based on the 
position of genital openings), and condition of reproduction 
were recorded on underwater slates. The photographs and 
data were added to an identification catalog that was updated 
every year (Powell and Rathbun 1984; Rathbun et al. 1990; 

Reid et al. 1991; Beck and Reid 1995). Each manatee was 
assigned a unique identification code, composed of two 
letters that identify the area where it was first sighted (CR = 
Crystal River, BS = Blue Spring) and sequential numbers5 

(e.g., CR22, CR208, etc.). Identification numbers of dead 
manatees were assigned the prefix M (e.g., M-331). 

Manatee photographs were cataloged if they could be 
matched with one or more photographs taken of the same 
animal during at least two different winter seasons. Each 
year, numerous photographs of distinctive manatees were 
put in an unknown file until the yearly catalog update, 
when they were matched with photographs of previously 
identified and cataloged individuals. If matching photo- 
graphs were not found, they were returned to the unknown 
file for possible future identification. The catalog was 
further updated each year by combining new with old 
photographs of an individual. New photographs often 
showed new scars or changes of old scars. We also updated 
the catalog by removing photographs of cataloged mana- 
tees that had been misidentified. One consequence of the 
yearly update is that totals and summaries from past analy- 
ses must be recalculated. For this reason, some of our data 
do not agree with data published by Powell and Rathbun 
(1984) and Rathbun et al. (1990). 

Most neonatal calves lacked distinctive features that 
could be used for recognition. While calves were depend- 
ent on their mothers, they were distinguished by associa- 
tion. When weaned, however, they became unidentifiable, 
unless they were struck by a boat or acquired scars from 
other sources. As a consequence, the identities of many 
calves were lost after weaning. From November 1981 
through March 1984, we cut one or two small, 1.5-cm- 
deep nicks into the posterior tail margins of 22 dependent 
calves. We used a livestock ear-notching tool for this 
procedure. An effort was made to re-identify these calves 
when they returned to the winter refugia as independent 
juveniles. During the three winter seasons during 1981-82 
through 1983-84, 6, 4, and 12 dependent calves were 
tail-nicked in each respective year. 

The fidelity of manatees to clearwater sites along the 
southern Big Bend coast in winter enabled us to observe 
the same individuals from year to year. Most of our obser- 
vations were restricted to the 6-month period from October 
through March, which we call one winter season. There- 
fore, many of our analyses are inexact because the interval 
between one winter season to the next may actually in- 
clude 6-18 months (Fig. 2). We think, however, that with 
our large sample sizes and the most probable timing of 
some reproductive events, a one-season period can usually 
be interpreted as an approximate 12-month period. The 
frequencies of sightings of individual males and females 

5 Identification numbers of manatees are given for completeness of 
information. 
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Fig. 2. Schematic illustration of how a "one-season" calf dependence may actually vary from 6 to 18 months. In the minimum (6 

month) scenario (above the 4-year time-line), a manatee cow gives birth in late September of year 1 just prior to arriving at a 
winter refuge for a winter season (first). The female remains in the refuge during the winter, and then weans her calf in late March 
of year 2, just after dispersing from the refuge. When she returns to the warm-water area (winter 2), she has no calf. In this 
sequence the actual calf dependence is 6 months, but we would classify it as one season. In the maximum scenario (below the 
time-line), a female leaves the winter refuge in late March of year 2, and immediately gives birth. She returns to the winter refuge 
the following winter with a dependent calf, and then weans the calf in September of year 3, just prior to returning to the refuge 
in winter three. In this case, the calf was again only observed dependent during one season, but in fact it would have been dependent 
for nearly 18 months. 

during the winter seasons were based only on records of 
individuals that were sighted two or more times during 6 
or more years. 

The data on individuals that we used for many of our 
analyses span a 15-year period during winter of 1976-77 
through winter of 1990-91. For various analyses, we used 
subsets of the database. For example, only some reliable 
records exist for the 1976-77 winter season, and for some 
analyses, data from this season were therefore omitted. 
However, data about the reproduction histories from all 
available years were used but were censored to create a 
subset of females that were sighted in eight or more continu- 
ous winter seasons. To reduce the bias for short intervals 
between events such as weaning or parturitions, we re- 
stricted the censored data set to only sexually mature females 
that were seen with herds of pursuing males, were visibly 
pregnant, or were nursing a calf. Reproduction classes of 
mothers (primiparous or multiparous) were compared for 
frequency distributions of intervals between births on the 
basis of two-, three-, and four-seasons. Fecundity in the 
censored data set was calculated as the reciprocal of the 
interval. 

We also provide descriptions of manatee groups engaged 
in mating behavior, including anecdotal accounts of compo- 
sition of these groups and records of their seasonal occur- 
rence. The manatee mating system can be categorized as 
promiscuous (sensu Wilson 1975). It involves the pursuit of 
a single female, presumably in estrus, by a herd of as many 
as 22 or more consorting males for as long as 1 month 
(Hartman 1979). Copulation has rarely been observed but 
there may be copulation by the female with more than one 
male, and male composition in the herd is transient (Hartman 
1979). The terminology for these groups has changed. Hart- 
man (1979) described them as estrous herds, although not 
all members of the herd are in estrus. This term was replaced 
with mating group or mating herd (Bengtson 1981; 

*Brownell and Rails 1981; Powell and Rathbun 1984;Rath- 
bun and O'Shea 1984; Preen 1989; Reynolds and Odell 
1991). Because according to editorial policy the term mating 
herd is also less-than-satisfactory jargon, we refer to such 
groups as herds of males or herds of consorting males. 

Late pregnancy in free-ranging manatees was visually 
determined from a distended abdomen seen in profile 
(Fig. 3). In some cases, the flanks of pregnant females 
visibly undulated as a result of fetal movements. Female- 
calf pairs were identified by nursing, close association, and 
frequent vocalization. 

Aerial Surveys 

Aerial surveys were conducted almost weekly during the 
winter seasons from December 1978 through November 
1981 and at least biweekly during the non-winter seasons, 
except in April 1981 when only one survey was conducted. 
The flight path covered the known distribution of the mana- 
tees along the southern Big Bend coast of Florida (Powell 
and Rathbun 1984). This area included the rivers and near- 
shore waters from the effluent canal of the Crystal River 
power plant south through the Homosassa River during the 
winter months (November-March) and from the Suwannee 
River south through the Chassahowitzka River during the 
remaining non-winter months (Fig. 1). A single observer sat 
in the right front seat of a Cessna 172 aircraft, the right door 
of which was removed to improve visibility. The location 
and activity of all sighted manatees were recorded on study- 
area maps (see Powell and Rathbun [ 1984] for further details 
on methods). 

Carcass Salvage 

The U.S. Fish and Wildlife Service, the Florida Ma- 
rine Patrol (Department of Natural Resources), and the 
University of Miami cooperatively salvaged manatee 
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Fig. 3. Lateral views of a visibly pregnant female (CR97,8 December 1993, Crystal River, Florida) (top photo) and an unidentified 
female that was not visibly pregnant (8 November 1982, Crystal River, Florida) (bottom photo). CR97 returned to Crystal River 
the following winter without a calf. Photos by J. Reid (top) and G. Rathbun (bottom), U.S. Fish and Wildlife Service. 
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carcasses in the southeastern United States from April 
1974 through June 1985 (for details see *Bonde et al. 
1983; O'Shea et al. 1985; Ackerman et al. 1995). Data 
we report from salvage records span this time period. 
Recovered dead manatees were reported and, when the 
condition of a carcass permitted, a full necropsy was 
performed that included gathering data on cause of 
death, morphometrics, and reproductive condition. 
Manatees were considered adults if they were more than 
275 cm total length (TL) and calves if they were less than 
150 cm TL (*Odell et al. 1981; O'Shea et al. 1985). 

Statistical tests were done with procedures described by 
Siegel (1956) and Sokal and Rohlf (1969). Calculations 
were made with the Statistix software program. Probabilities 
of less than 0.05 were considered significant. 

Results 

The Manatee Population 

The population size of cataloged manatees in the Crystal 
and Homosassa rivers during the 15-year study was 117 
females and 152 males (not significantly different from a 1:1 
ratio, X2 = 2.16, df= l,P = 0.14). During this period, 243 
dependent calves in the population were identified. 

A yearly average of 61.9 independent females and 69.4 
independent males were identified and cataloged during the 

14-season period during 1977-78 through 1990-91 (Table 
1). The number of males did not significantly differ from the 
number of females in the population (nonparametric rank 
sum two-sample test, P = 0.33). 

Thirty-nine cataloged, adult manatees (18 females, 21 
males) were not sighted during the last four winter sea- 
sons of the study (1987-88 through 1990-91), but evi- 
dence of their emigration from the population or deaths 
was not found. Three females and two males died. The 
39 missing and the 5 dead manatees represent 16.4% of 
the 269 manatees that were cataloged during the 15-year 
study. 

During the winter seasons, the identifiable females were 
sighted with a frequency of 0.93, the identifiable males with 
a frequency of 0.87. For this analysis, only individuals that 
were sighted two or more times during 6 or more years were 
used. The return rate to the warm-water refuges was greater 
by females than by males (nonparametric rank sum two- 
sample test, P = 0.004). 

Herds of Males 

Nineteen herds of males (Fig. 4) were observed dur- 
ing the 115 aerial surveys along the southern Big Bend 
coast (see Hartman [1979] and Bengtson [1981] for 
detailed descriptions of herds). Six of the herds were 
sighted in the Suwannee River, 1 in the Withlacoochee 
River, 9 in the Crystal River, 2 in the Homosassa River, 

Table 1. Number of identifiable Florida manatees (Trichechus manatus latirostris) in the Crystal River and Homosassa 
River during winter (October-March) seasons. Gross birth rate = number of calves per total individuals. Crude birth 
rate = number of first-year calves per total number of individuals. Fecundity = number of first-year calves per number 
of reproductive females. Blanks indicate data are not available. 

Total 
Person- Total Total first + Total 

Winter days independent independent second Total Gross Crude reproductive Fecundity 
season effort males females year calves individuals birthrate birth rate females rate 

1977-78 34 31 8+1 74 0.12 0.11 21 0.38 
1978-79 41 37 10+5 93 0.16 0.11 24 0.42 
1979-80 39 41 9+2+1 92 0.13 0.10 29 0.31 
1980-81 35 53 43 14+2 112 0.14 0.13 30 0.47 
1981-82 28 49 59 13+2 123 0.12 0.11 46 0.28 
1982-83 41 72 68 15+0 155 0.10 0.10 52 0.29 
1983-84 63 80 75 18+4 177 0.12 0.10 59 0.31 
1984-85 31 77 71 23+5 176 0.16 0.13 58 0.40 
1985-86 31 72 58 16+5 151 0.14 0.11 45 0.36 
1986-87 27 87 73 20+4 184 0.13 0.11 61 0.33 
1987-88 30 105 82 24+5 216 0.13 0.11 66 0.36 
1988-89 31 99 85 21+3 208 0.12 0.10 67 0.31 
1989-90 26 85 85 34+3 207 0.18 0.16 74 0.45 
1990-91 20 79 58 17+4 158 0.13 0.11 50 0.34 
Mean 69.4 61.9 0.13 0.11 0.36 
SD 22.6 18.2 0.02 0.02 0.06 
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Fig. 4. An unidentified female manatee (upper center) with three attending males in a mating herd in the headwaters of Homosassa 
River on 18 March 1985. Photo by J. Reid, U.S. Fish and Wildlife Service. 

and 1 in the Chassahowitzka River. Although the persist- 
ence of each herd was not determined and no correction 
for multiple sightings of the same herd was possible, we 
ruled out multiple sightings of the same herds because of 
the temporal and spatial separation of the sightings. 

The mean number of individuals in these herds was 
10.2 (SD = 3.7, range = 5-22). The temporal distribution 
of these sightings (Fig. 5) revealed a peak in mating. The 
number of herds was significantly greater during April- 
May than during December-January or October-No- 
vember. The difference in the number of herds among 
the six bimonthly periods was significant (% - 14.2, df 
= 5,P = 0.01, MRANK nonparametric multivariate rank 
test; Sarle 1983). 

A large, easily identifiable female (CR22) was ob- 
served from shore when she was pursued by males during 
3 weeks in March-April 1984. She was first sighted on 
13 April 1984 in the discharge canal of the Crystal River 
power plant. She was resighted on 18 and 19 April 1984 
about 14 km farther south in the headwaters of the Crys- 
tal River. Finally, on 25 April 1984, she was observed 
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Fig. 5. Temporal distribution of mating herds observed during 
aerial surveys of the southern Big Bend coast of Florida from 
December 1978 through November 1981. Filled circles = 
means, boxes = standard deviations, vertical lines = ranges, 
and numbers = number of aerial surveys/period. 



142    INFORMATION AND TECHNOLOGY REPORT 1 

about 20 km south of the Crystal River at the mouth of 
the Homosassa River. At each respective location, she 
was accompanied by 12, 9, and 7 manatees. These con- 
sorts were mostly, if not all, males (Table 2). Although 
some of the individuals that accompanied her were seen 
in the herd at more than one site, the composition of the 
herd was dynamic over time; no single male was sighted 
in the herd on all three occasions (Table 2). The partici- 
pation of the males and their minimum estimated ages 
were without patterns (Table 2). 

Thirty-three females were identified as the subjects of 
pursuit by herds of males along the southern Big Bend 
coast during the 15-year study. Seventeen (52%) of the 
females that were resighted in the winter refuges in the 
Crystal and Homosassa rivers within 15 months of hav- 
ing been in one of the herds were accompanied by calves. 
The 48% (12 cases) that appeared at the winter refugia 
without calves either failed to conceive or lost their 
calves prepartum or postpartum. 

Gestation 

Seventeen identifiable females were sighted in sepa- 
rate herds of males, and within 18 months, each was seen 

with a small calf (not all females in such herds produced 
calves). Because parturition was never observed, these 
intervals can only be used as crude approximations of the 
maximum gestation period (Fig. 6). In one case (CR40 
C2; Table 3) the 335-day interval is considered close to 
the actual gestation because the calf was small when first 
sighted. 

Visual diagnosis of late pregnancy was relatively 
difficult. Some females consistently appeared pregnant 
before they gave birth. For example, one female (CR71) 
always appeared noticeably pregnant before giving birth 
(n = 5), whereas another (CR26) never appeared notice- 
ably pregnant before giving birth (n = 6; Table 3). During 
the eight winter seasons of 1983-84 through 1990-91, 
167 calves were born to 78 females. We predicted only 
55 (33%) of these births, probably because of the timing 
of our observations relative to conception, variation 
in the appearance of pregnancy in different individuals, 
and neonatal mortality. Fifty-five of 82 cases of females 
we assessed as pregnant (67%) were sighted with calves 
in a winter season. If we rarely classified a female 
as pregnant when she was not, the 27 females with- 
out calves indicated a postpartum death rate as high 
as 0.33. 

Table 2. Composition of a herd of Florida manatee (Trichechus manatus latirostris) males consorting with female 
CR22. Minimum age is based on the number of winter seasons between the first identification of a manatee and April 
1984. Locations: 13 April 1984 = Crystal River Power Plant effluent; 18 and 19 April 1984 = Headwaters of Crystal 
River; 25 April 1984 = Homosassa River mouth. 

Identification 
number of male Minimum age 

Date 
13 18 19 25 

X 
X 
X 

X 
X X 

X X X 
X X X 
X X 

X 
X 

X 
X X 
X 
X 
X 

X X 
X 
X 

X X 
X X 

3 1 1 2 

17 6 
20 6 
21 6 
91 6 
94 6 

100 5 
101 5 
114 5 
128 3 
141 4 
146 2 
147 3 
159 3 
161 3 
172 4 
175 2 
208 1 
212 1 
215 4 
221 0 
Number of unidentified males 

Total 12 
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Fig. 6. Frequency distribution of maximum length of gestation 
periods for 17 females in the southern Big Bend from 
1976-1977 through 1990-1991. The gestation periods are 
based on the time from being seen in a mating herd to the first 
sighting with a dependent calf within 18 months. 

Parturition 

Statewide, 53 carcasses of manatee neonates were recov- 
ered from April 1974 through June 1985. At necropsy, these 
calves had inflated lungs, indicating that they probably were 
born alive. Their average length was 125.3 cm TL (SD = 
15.0, range = 95-155 cm). The sex ratio of these calves was 
29:24, which is not significantly different from 1:1 (x = 
0.15,4/"= \,P = 0.7). 

Parturition seems to peak in spring in the southern Big 
Bend region of Florida. During the eight winter seasons 
during 1983-84 through 1990-91, 63 of 82 obviously 
pregnant females (77%) were observed from February 
through March. The remaining 19 (23%) were seen during 
October through December. Because females were most 
noticeably pregnant only near term, these data suggested 
that most births occurred in spring, soon after the pregnant 
females left the warm-water refugia. We never witnessed 
births in the winter refuges, despite the large amounts of 
time we observed manatees (Table 1). During the entire 
study, only one citizen reported having observed a possible 
birth in the refugia (Kings Bay is urbanized). This occurred 
on 22 February 1986 in a quiet dead-end canal off Kings 
Bay. In the Crystal River or Homosassa River, we rarely 
observed females with dependent calves that looked as if 
they had been born during November through January of 

the current winter. We identified only three females that 
possibly gave birth in the winter refuges between mid-Feb- 
ruary and late March, just as the manatees were dispersing. 

Seasonal reproduction is also indicated by the peak in 
recovered neonatal carcasses along the southern Big 
Bend coast during February-May (Fig. 7). The number 
of recovered carcasses during 2 months is significantly 
different from a uniform distribution (x = 12.3, df= 5, 
P = 0.03; Fig. 7). Statewide, the number of births peaks 
in April-May, but the distribution is not significantly 
different from a homogeneous distribution (x = 10.1, df 
= 5, P = 0.07). However, the three frequency distribu- 
tions of the neonatal mortalities on the southern Big 
Bend coast, in the remainder of northern Florida, and in 
southern Florida (27° 39' N latitude) significantly differ 
(X2 = 29.2, df = 10, P = 0.001; Fig. 7). The major 
contributor to this significance is the greater number of 
deaths of calves along the southern Big Bend coast in 
February-March versus April—May in the other regions. 
The frequency distributions of dead calves did not differ 
between southern Florida and northern Florida excluding 
the Big Bend (%2 = 3.7, df= 5,P = 0.6). 

Evidence for twinning in manatees is unequivocal; two 
sets were born in captivity in Florida (*Odell et al. 1992) 
and at least two carcasses with twin fetuses were recov- 
ered. The statewide carcass recovery included 161 dead 
adult females (>275 cm TL) from July 1975 through 
August 1985. Two of them (1.2%) contained twin fetuses. 
The first (M-331) was a 375-cm-long animal recovered in 
Jacksonville, Florida, in April 1983. Each of her two 
female fetuses weighed 39 kg, and their total lengths were 
132 and 135 cm. The second (M-389) was collected at 
Sebastian, Florida, in June 1984. The fetuses in this 313- 
cm-long female were a 136-cm-long male and a 126-cm- 
long female. No weights were taken. Both adults contained 
heavy fat deposits, indicating good physical condition. 
The first female was killed by a boat strike, the other 
carcass was badly decomposed and no cause of death was 
determined. In April 1980, on the Tomoka River, Florida, 
two dead female calves, 103 and 110 cm long, were 
recovered. The field record stated, "Circumstantial evi- 
dence suggests that Ml90 and Ml91 were twins. Size, 
state of decomposition, and recovery location were nearly 
identical." 

Several probable twin births were observed also in 
free-ranging manatees. During winter 1980-81, a well- 
known, identifiable female (CR22) with two small calves 
of about the same length returned to the headwaters of 
the Crystal River for the winter. She was observed and 
photographed numerous times during the winter while 
she was nursing and interacting with both calves. Each 
calf was easily identifiable by distinct scars from boat 
strikes obtained in the Crystal River. They were never 
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Table 3. Number of births by female Florida manatees (Trichechus manatus latirostris) in the Crystal River and 
Homosassa River during winter seasons (October-March) during 1976-1977 through 1990-1991. Only adult 
(sexually mature) females that were sighted during winter seasons of 8 or more continuous years are included 
(censored data); all other females are excluded. An asterisk(*) indicates a juvenile female attained sexual maturity 
as indicated by pregnancy or lactation. B = first winter season after known birth of female; Slash(f) = individual was 
not sighted; Dash{-) = individual was sighted without a dependent calf; C = individual was sighted with a dependent 
calf; superscript numbers (C ) indicate different sequential dependent calves of each mother. 

Female 
identification    1976    1977    1978    1979    1980    1981    1982    1983    1984    1985    1986    1987    1988    1989    1990 

09 
14 
19 
22 
26 
27 

/ 
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/ 
C1 

/ 

C1 

c2 

C2,3 
c 
c4 

c3 

28 
32 
33 
40 
41 
43 / 

46 
49 
54 
60 
61 
70 

71 
83 
87 
93 
97 
99 

-1,2 

/ 
c° 
/ 

104 
105 / 
111 / i         B - _ - - *. - c1 c1 

- - c2 
- 

123 / '    / - - - *c' c1 
- c2 - & c^ - c4 

125 / '    / - - *c' - c2 - & - c4 - & / 
130 /    i '    / B - - - *. c1 c1 

- & & & & 

134 1          i i . _ _ *. - c1 - c2 - - - - 

179 1          i '          1 - / - c1 
- & - - & - c4 - 

207 1          i <          1 / / / - c1 - c2 - - - & 1 
211 1          i '          1 / / / c1 

- c2 c2 & - c4 - & 
227 1          i '    / / / / / - c1 

- c1 
- & - - 
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Fig. 7. Temporal distribution of perinatal manatee carcasses (less 
than 150 cm total length) recovered from the southern Big 
Bend coast (n = 24), northern Florida minus the southern Big 
Bend coast (n = 57), and southern (south of 27° 39' N 
Latitude) Florida (n = 57) from July 1975 through June 1985. 

re-identified in subsequent winters, which suggests that 
they did not survive a second year. In October 1978, 
another well-known female (CR83) was sighted with two 
equal-sized calves, a female and male, in the Crystal 
River. They were periodically resighted together during 
winter. While snorkeling on 22 January 1979, we meas- 
ured the total lengths of the twins. The total length of the 
female was 142 cm and of the male 140 cm. During the 
following winter season, the mother returned with only 
the female calf to the Crystal River; the male was never 
resighted. During an aerial survey on 13 December 1978, 
an unidentified female manatee was photographed in the 
Suwannee River near Manatee Springs with two calves 
that seemed to be twins. An adult female (CR83) was 
sighted in the Crystal River on 13 November 1978 and 
26 December 1978, making it possible that the sightings 
were of the same female in the Suwannee River. 

At Blue Spring Run on the St Johns River, a female 
(BS107) returned with twins for the winter during 1991- 
92 (see photograph in O'Shea and Hartley 1995). Four 
additional cases of possible twinning in free-ranging Flor- 
ida manatees have been reported. Two of these (1969-70, 
Pompano Beach; 19 November 1979, Sand Point Marina, 
Titusville) were based on photographs of large, unidenti- 
fied manatees accompanied by two equal-sized calves. 
The other two cases (10 June 1979, Cocoa; 15 June 1981, 
St. Petersburg Beach) were based on sightings reported to 
us by the public. 

Calf Dependence 

Thirty-three females produced 121 calves that could 
be used to determine the duration of dependence by 
calves on their mothers (Table 3). Of 121 calves, 93 
(77%) were dependent on their mothers for at least one 
winter season but for less than two seasons, and 28 (23%) 
were dependent for at least two but less than three winter 
seasons (see Fig. 2 for clarification of winter season). In 
the censored data set, no calf dependencies were longer 
than two winter seasons, although in the uncensored data 
one calf's dependence lasted three seasons. The mean 
duration of dependency from the censored data set was 
1.2 winter seasons (SD = 0.42). 

Six females of known ages were in the censored data 
set, and their records began with their first calves (Table 
3). These females (CR41, CR61, CR87, CR104, CR111, 
and CR130) collectively had nine calves that were de- 
pendent for one winter season and seven, for two sea- 
sons. The 27 other females, which were of unknown ages 
and thus presumably multiparous when their censored 
records begin, had 84 calves that were dependent for one 
season and 21 calves that were dependent for two sea- 
sons. These data indicated that calves of younger females 
tend to be dependent longer than calves of older females 
(X2 = 4.4, df=l,P = 0.04). 

Thirteen male and 11 female manatee calves were 
followed from their dependency through at least one 
winter season after weaning. Six of the females were 
dependent for one season and five for two seasons. 
Eleven of the males were dependent for one season, and 
two for two seasons. However, the duration of depend- 
ency did not significantly differ between the sexes 
(Fisher's exact test, P = 0.18). 

One female (CR106) with two dependent calves was 
observed on numerous occasions in the Crystal River 
during winter of 1980-81. The calves were of such 
different sizes that they could not have been twins. These 
were the only observations of subsequent calves nursing 
at the same time or the possible adoption of a calf. 

During winter 1989-90, a female (CR130) was sighted 
at least six times with her calf. On 23 January, she was 
nursing her male calf and another male calf. Because this 
was only observed once, we assumed the second calf was 
stealing a suckle (Fig. 8). 

Recruitment Rate 

Based on the uncensored data set, 29 (13 females, 16 
males) of 218 calves survived past weaning. The 29 calves 
were produced by 25 different females; 23 mothers pro- 
duced only one surviving calf, and each of another three 
produced two surviving calves (Table 4). 
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Fig. 8. A manatee calf suckles from its mother's (CR130) right teat on 23 January 1990, while a presumably unrelated calf steals a 
suckle from the opposite side. Photo by R. Bonde, U.S. Fish and Wildlife Service. 

The fate of most calves was not determined, mainly 
because of difficulties with identities after weaning. This 
complicates the determination of an overall recruitment 
rate of the population. Eight of the 22 calves that were 
tail-nicked during 1981-82 through 1983-84 (four fe- 
males and four males; Table 4) were re-identified at least 
four seasons after weaning (two, two, and four calves, 
respectively, from each of the three tagging seasons). Of 
the four female calves, all survived to sexual maturity, and 
three produced calves. The remaining 14 notched calves 
were never sighted as independent animals; they all disap- 
peared or could not be re-identified. These data suggest 
that at least 36% of calves (33% for females) were actually 
recruited into the population. 

Intervals Between Births 

The durations of 99 intervals between births were deter- 
mined (Fig. 9) from 33 adult females in the censored and 
further-restricted data set (2 of the 35 females in the censored 
data produced only one calf and thus had no intervals). The 
mean interval between calvings was 2.48 winter seasons 

(SD = 0.77). Intervals were longer in primiparous females 
than in multiparous females. Six females with calves in the 
data set were primiparous (Table 3). An additional six 
females in the uncensored data set for which data were 
collected during 8 or more continuous years produced two 
or more calves but were not sexually mature for the entire 
8-year period. The frequency distribution of the 1- to 5-year 
intervals between births in the adults and the frequency 
distribution of the intervals between births by the juvenile- 
adults from the censored and uncensored data sets were too 
sparse for chi-square analysis. Rather than combine seasons, 
which would have been meaningless, we compared the two-, 
three-, and four-season frequencies. The two age classes of 
mothers were significantly different in frequency distribu- 
tions of two-, three-, or four-season intervals (%2 = 6.0, df= 
2,P = 0.05), indicating intervals between births are longer 
in younger than in older females. This relation, however, 
may be explained by more postpartum losses of calves by 
younger mothers, which would result in a seemingly longer 
interval in the younger females. For example, in the censored 
data set, four of the ten 4-year intervals were probably 
attributable to lost calves because we observed the females 
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Table 4. Histories of reproduction of surviving Florida manatee (Trichechus manatus latirostris) calves born to known 
mothers from the Crystal River and Homosassa River from 1976-1977 through 1990-1991. Superscript N indicates 
the individual was tail-nicked while a dependent calf. C = dependent calf. Superscript number indicates 
dependent-calf identity on Table 3. Blank indicates undeterminable. P = visibly pregnant. 

Weaned First Seasons Seasons first to Date of first 

calf Mother/calf sighted dependent last sighting reproduction 

Females 

104 71C1 Feb 1978 2 13 C, Mar 1982 

107 19C1 Nov1978 2 9 P, Mar 1982; C, Oct 1984 

111 83C2 Nov1978 2 12 P, Nov 1983; C, Dec 1985 

130 70C1 Feb 1980 2 11 P, Jan 1984; C, Jan 1985 

150N 61C1 Feb 1982 1 9 C, Dec 1985 

151N 51C2 Oct 1981 1 9 None 

155 75C1 Nov 1980 2 4 None 

180N 46C3 Jan 1983 1 6 C,Jan 1987 

225 99C2 Jan 1984 1 4 None 

238N 54C4 Nov 1983 1 7 P, Dec 1987; C, Oct 1989 

272 271C1 Dec 1989 1 None 
321 227C3 Nov 1988 1 2 None 
324 202C1 Dec 1986 4 None 

Males 

119 60C2 Jul 1979 1 11 
152 131C1 Mar 1982 1 8 
167 49C1 Sep 1980 1 9 
181N 158C1 Nov 1982 8 
183 26C3 Nov 1982 1 8 
242N HOC3 Jan 1984 1 6 
247N 71C3 Oct 1983 1 4 
248 27C1 Nov 1984 2 3 
267 61C3 Nov 1987 1 3 
269 97C6 Nov 1989 1 1 
273 106C3 Nov 1983 1 1 
297 186C1 Feb 1986 2 4 
306 33C5 Dec 1988 2 
314 33C3 Dec. 1984 4 
320 171C1 Nov 1988 1 2 
322N 28C5 Sep 1983 1 6 

with herds of consorting males or as obviously pregnant 
within the 4-year intervals. Similarly, two of 22 3-year 
intervals probably were attributable to lost calves, but we 
could not detect these losses. 

Calves nursed about as long as they accompanied their 
mothers, and the durations of lactation and calf dependency 
were therefore about the same. Six times we observed 
females with large dependent calves in herds of consorting 
males, but these calves may soon have been weaned. Six 
females (CR22, CR26, CR54 twice, CR70, CR211; Table 
3) had different dependent calves in subsequent winter 
seasons, suggesting that lactation and gestation overlapped. 
The records suggest that gestation and lactation in three of 
the females (CR22, CR70, CR211) overlapped for 1-6 
months, possibly during two pregnancies of one of the 

females (CR54). Lactation and gestation probably did not 
overlap in one (CR26) of the five females. If gestation 
immediately followed lactation but did not overlap with 
lactation and if the durations of pregnancy and calf depend- 
ency each were 12 months, the shortest interval between 
births that we observed was 2 years. 

The temporal separation of nursing and pregnancy 
explains 9 of 22 three-winter-season intervals between 
births. The nine calves were nursed longer than one full 
winter season but less than two full winter seasons. The 
intervals between births therefore lasted three winter 
seasons, and the mothers were not pregnant while still 
nursing calves. 

The intervals between births in some females had a 
pattern. For example, six intervals in one female (CR28) 
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Fig. 9. Frequency distribution of 99 calving intervals determined 

from 33 females in the censored data set from the southern 
Big Bend coast during winter seasons, 1976-1977 through 
1990-1991. 

each lasted 2 years. Four intervals in another female 
(CR71) each lasted three winter seasons (only one of the 
calves was dependent for as long as two winter seasons). 

Sexual Maturity 

Seven female manatees (CR104, CR107, CR111, 
CR130, CR150, CR180, CR234; Table 4) were observed 
every winter season from birth to their first successful 
parturition (except one that was not seen during the third 
season). The ages at first calf production in these seven 
were 4, 6, 7, 5, 4,4, and 6 years. However, four females 
(CR107, CR111, CR130, and CR238) were obviously 
pregnant when they were 3.5,4.0, 5.0, and 5.0 years old. 
The time lapse between late pregnancy and parturition 
in two females (CR107 and CR111) suggested fetal or 
neonatal mortality that was immediately followed by a 
second pregnancy. If gestation lasts 1 year, the seven 
females became sexually mature between the ages of 2.5 
to 4.0 years (mean = 3.2 years). We were unable to gather 
information on the age at sexual maturity in males. 

Reproductive Life 

The identity of one female (CR28) has been main- 
tained from Hartman's (1979) study. She was identified 
at the Crystal River during winter 1967-68 and was seen 
with a calf during the following winter, which indicates 

that she was sexually mature. Her last calf was born 
during the summer months of 1989; she reproduced 
during at least 22 years. No data on her were gathered at 
the Crystal River between Hartman's (1979) study and 
ours (during 1970-71 through 1974-75), precluding the 
calculation of this female's rate of reproduction during 
the entire 22 years. 

None of the adult female manatees in the catalog 
showed unambiguous signs of reproduction cessation. 
However, one large female (CR09) had a remarkably 
poor birth rate (0.13; Table 3). She was first identified in 
the Crystal River during winter 1977-78 and was seen 
with a calf during winter 1979-80. She was observed 
every winter from 1980-81 until February 1985, when 
she was killed by a boat in the Crystal River. During the 

4 years before her death, she was seen in three herds of 
males and appeared to be pregnant twice but never re- 
turned to the Crystal River with a calf. At necropsy, she 
(M-422) was neither pregnant nor lactating, even though 
she was seen in a herd of males about 12 months before 
her death. She was in good body condition and had large 
quantities of fat. In fact, she was obese, being the heavi- 
est manatee on record in Florida (1,620 kg). Her total 
length (375 cm), however, was not a record. Marmontel 
(1995) estimated her age at 28 years. This female had 
active corpora lutea but few regressed corpora albicantia 
and a smooth ovarian surface as if exhausted of follicles 
(Marmontel 1995). 

A second female (CR39) was obviously pregnant 
during the 1981-82 and 1982-83 winter seasons in the 
Crystal River but was not seen with a calf in either of the 
following winters. She may have been approaching se- 
nility. Her carcass (M-382) was found at the Inglis Lock 
of the Cross Florida Barge Canal about 20 km north of 
the mouth of the Crystal River on 1 April 1984, but she 
was too decomposed to determine her reproductive con- 
dition or assign a cause of death. 

Fecundity 

The mean fecundity of manatees in the Crystal River 
(first-year calves per sexually mature female per year) was 
0.36 (SD = 0.06, range = 0.28-0.47), calculated with data 
from all reproductive females in the population during 
winter 1977-78 through winter 1990-91 (Table 1). The 
average rate of the 33 females in the censored (and re- 
stricted) data set was 0.403 (SD = 0.102, range = 0.20- 
0.57). Twinning had a relatively minor effect. The 141 
births (143 calves) in the censored data set included at least 
two sets of twins (1.4% of births; Table 3). 

The intervals between births were 2.78 years, based on 
the arithmetic reciprocals of the fecundity from the popu- 
lation data (Table 1), and 2.48 years based on the restricted 
and censored data (Table 3). 
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The average crude birth rate (number of first-year 
calves per total number of individuals of both sexes includ- 
ing calves per year) during winter 1977-78 through winter 
1990-91 was 0.11 (SD = 0.02, range = 0.10-0.16; Table 
1). The mean gross birth rate (total number of calves per 
total number of individuals including calves per year) was 
0.13 (SD = 0.02; Table 1). 

Discussion 

In late 1967, Daniel (Woody) Hartman and James A. 
Powell (his field assistant) started a 17-month field study 
of the ecology and behavior of manatees in the Crystal 
River. Using distinctive scar patterns—a technique first 
applied to manatees by Moore (1956) in southern Flor- 
ida—the two researchers identified 63 manatees in the 
Crystal River during two winter seasons. Only 35 of these 
identifiable manatees, however, were present in the river 
during both winter seasons. Based on observations and a 
certain amount of intuition, Hartman (1979) estimated the 
basic traits of reproduction of manatees as 13-month ges- 
tation; litter size of one, rarely twins; slight birth peak in 
spring; calf dependence on the mother of 1-2 years; inter- 
val between births of 1-2 years; age at sexual maturity of 
3-5 years; and longevity of as many as 50 years. The 
degree of accuracy of his estimates, despite the relatively 
small number of animals he observed and a study period 
that was shorter than many of his estimates, attests to his 
keen understanding of manatees. 

The manatee population in the Crystal River has grown 
since Hartman's study from not only internal recruitment 
but also from immigration from southwestern Florida. The 
evidence for immigration comes from studies with radio- 
tracking, resightings of scarred individuals, and the ap- 
pearance of new adult manatees in the Crystal and Ho- 
mosassa rivers (Powell and Rathbun 1984; Rathbun et al. 
1990; Reid et al. 1991; B. Weigle, Florida Marine Re- 
search Institute, personal communication). However, a 
determination of the number of manatees that immigrate 
into the southern Big Bend area every year has not been 
possible. Whether newly identified manatees are immi- 
grants or previously unidentifiable residents with newly 
acquired scars often can not be determined. Although this 
bias undoubtedly influences estimates of the rate of growth 
in the population, it probably did not influence most of our 
data on reproduction rates. 

The identification of individuals by scars has several 
other potentially important but unavoidable limitations. 
For example, the unidentifiable individuals in the popula- 
tion (circa 20%; Rathbun et al. 1990) may not be distrib- 
uted equally across the age classes but are over-repre- 
sented by newly independent or juvenile animals. 
However, our observations suggest that juveniles tended 

to be more habituated to the presence of people and are 
therefore more easily approached, observed, and identified 
than some adults. Immigrant adults may be under-repre- 
sented because they are shyer than the more habituated 
residents. The influences of these biases on our analysis 
cannot be determined, but we assume that they are small, 
especially when independent data are corroborative. 

We estimate that the postpartum death rate of calves 
was about 0.33 of all births. This figure is based on females 
that were visibly pregnant. Potential, unmeasured biases 
may again influence our estimate. For example, females 
that were obviously pregnant may have borne larger than 
average calves, which may have augmented or lowered the 
calf mortality. Only continuation of the long-term individ- 
ual histories can answer this and similar questions. 

We present two different estimates for fecundity of 
manatees in the Crystal River. One is based on a yearly 
average of identifiable females and calves (0.36; Table 1), 
the other (0.40) is derived from a censored subset of the 
former (Table 3) that was further restricted to include only 
reproductive females that have uninterrupted calf-to-calf 
cycles. For example, one female (CR83; Table 3) had four 
calves in the 7 years from 1978 through 1984 at a fecundity 
of 0.57. Although the estimated fecundity from the cen- 
sored and restricted data may be the most accurate and, as 
such, perhaps should be used for population models, com- 
parable data from other manatee populations are still being 
collected. In the following discussion, we use only the 
uncensored data for our calculations (Table 1). 

Despite the various, briefly described potential biases, 
we are confident that most of our estimates are reasonably 
accurate because they often agree closely with inde- 
pendent databases. Marmontel (1995) did an extensive 
analysis of the reproductive condition of manatee car- 
casses from throughout the southeastern United States that 
she aged by counting growth-layer groups in the tympano- 
periotic bone. Her estimates of sex ratio, seasonal repro- 
duction, litter size, age at sexual maturity, temporal sepa- 
ration of gestation and lactation, and reproductive life are 
similar to ours. Only her estimated average interval be- 
tween births (3.0 years) differed from our estimate (2.5 
seasons). The reason for this difference is not known, but 
as pointed out by Marmontel (1995), probably relates to 
biases in her methods and data. These include specimens 
from a wider geographical area (all of Florida), a possible 
positive correlation between days since conception and 
determination of pregnancy at necropsy because of de- 
composition, the influence on the data set of dead females 
that were not in reproductive condition at death because of 
illness, and difficulties with accurately reading bone an- 
nuli in animals older than 15-20 years. 

The U.S. Fish and Wildlife Service and the Florida Park 
Service have been monitoring the histories of manatees 
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that aggregate in winter in the Blue Spring Run since the 
mid-1970' s with techniques similar to those we used in the 
Crystal River area (O'Shea and Hartley 1995). The traits 
of reproduction of this population are remarkably similar 
to those we found of manatees in the Southern Big Bend. 
Sex ratios are 1:1, sexual maturity is attained at 3-6 years, 
gestation lasts about 12 months, few births occur during 
winter (1.8% are twins), and the average interval between 
births is 2.6 years. Because the Blue Spring population of 
manatees is smaller and more easily monitored, O'Shea 
and Hartley (1995) were able to estimate calf survival after 
3 winters at 63%, which is undoubtedly more precise than 
our estimate of 36%. At the Crystal River, we had diffi- 
culties keeping track of weaned calves, which undoubt- 
edly contributed to our exaggerated rate of loss. Knowing 
that our estimate of calf loss is high helps resolve the 
inconsistency with the proportion of females with first- 
year calves in the Crystal River (0.36) and a growing 
population (Table 1). This rate of reproduction is similar 
to the 0.31 rate in manatees at Blue Spring (O'Shea and 
Hartley 1995), which further collaborates the overall simi- 
larity in characteristics of reproduction between these two 
disjunct populations. 

Reid et al. (1995) found similar patterns of reproduc- 
tion in manatees along the Atlantic Coast, including ges- 
tation, birth season, and average interval between births 
(2.6 years). Even the proportion of females with calves 
(0.38) compares favorably with that of the manatees in the 
Crystal River (0.36). 

Based on 17 adult females that produced 9 calves in 2 
years, Reynolds (1981) estimated a fecundity of 0.26 in 
manatees in the Blue Lagoon. This is notably lower than 
our uncensored rate of 0.36 in manatees in the southern 
Big Bend. This is probably related to Reynolds' (1981) 
short study period and small, isolated population in the 
lagoon. 

Bengtson (1981) investigated the movements and so- 
cial behavior of radio-tagged manatees in the St. Johns 
River but did not estimate reproduction rates or age-spe- 
cific reproduction. However, he contributed to the under- 
standing of mating behavior. Hartman (1979:100) de- 
scribed the herds of males that pursue females in attempts 
to mate in the Crystal River: 'These groups may remain 
together for periods ranging from a week to more than a 
month. As many as 17 bulls once were observed following 
an estrous cow., juvenile males joined and left the herd 
constantly, but a nucleus of mature bulls was always 
present and in persistent pursuit of the cow." He did not, 
however, provide much quantification of his observations. 
Females that are the focus of these herds can move dis- 
tances as long as 160 km in 12 days—as did one female in 
the St. Johns River (Bengtson 1981)—and a minimum of 
about 35 km during 3 weeks along the southern Big Bend 

coast. Bengtson (1981) also presented data on the compo- 
sitions of three of these herds that support Hartman's 
(1979) general description, except the nucleus of mature 
males. Our data (Table 2) and Bengtson's (1981) indicated 
that these herds routinely include small males that were 
generally thought of as juveniles based on their total length 
of less than 275 cm (*Odell et al. 1981). Hernandez et al. 
(1995), however, showed that even males as short as 252 
cm and only 2-3 years old can have fully spermatogenic 
testes. Even though these smaller males are probably at a 
disadvantage in physically competing with larger males 
for access to receptive females, they have the physiologi- 
cal potential of impregnating females. Hartman (1979) 
also observed intromission achieved by what he described 
as a juvenile male. More research, however, is needed to 
determine the specific social and reproductive roles of 
males in these groups. O'Shea and Hartley (1995) further 
discuss aspects of mating behavior. 

The phenomenon of manatee females remaining in 
estrus for long periods, traveling great distances, and at- 
tracting a large, dynamic group of males, is probably 
related to an optimal mating strategy by which the female 
attempts to assemble as many males as possible to increase 
her choice of mates. The males probably compete with one 
another to copulate with the receptive female (Rathbun 
and O'Shea 1984). 

Bengtson (1981) observed that some females were 
attended by herds of males in more than one such event, 
separated by inactive periods of a few weeks. This obser- 
vation led him to predict that some estrus periods were 
pseudo-estrus periods. Marmontel (1995) suggested that 
females may undergo several ovulations before concep- 
tion, based on the presence of corpora lutea in ovaries that 
she examined from nulliparous females. We observed 
females in herds of males that were not subsequently 
observed with a calf after sufficient time for gestation, 
suggesting no pregnancy occurred. Based on Marmontel's 
(1995) data, these females may have had a pseudo-estrus 
period, but early failure of pregnancy may explain some 
of these cases, and misidentification may explain the oth- 
ers. Not all aggregations of manatees engaged in behavior 
that may be mating are indeed estrous females with males. 
In the warm-water refugia in Florida, groups of as many 
as 12 males that intensively cavort for as long as several 
hours are common (Hartman 1979). These cavorting 
groups probably represent contests of stamina in which 
males practice behavior patterns used in mating and pos- 
sibly establish some sort of rank or hierarchy. Although 
cavorting herds superficially resemble groups involved in 
true mating, a close inspection or prolonged observation 
can reveal the difference. These ambiguities in interpret- 
ing observations of manatees in what appear to be groups 
intent on mating make field determination of pregnancy 
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and the estimation of gestation difficult and highlight the 
need for further research on the various behaviors associ- 
ated with the manatee estrous cycle. 

Hartman (1979) and Bengtson (1981) suggested that 
multiple estrous periods in manatees and the similar pat- 
tern in elephants support the paleontological evidence for 
the common ancestry of elephants and sirenians (Domning 
et al. 1986). Behavior, and possibly physiology, are rela- 
tively labile features in evolutionary time (Wilson 1975). 
The vast temporal separation between the common ances- 
tor of the elephants and sirenians probably limits the value 
of comparisons of mating behavior and estrus between 
living representatives of these two groups for under- 
standing their phylogenetic relationships. 

Although manatees have been bred in captivity in the 
United States since the 1950's, relatively few data were 
gathered that furthers an understanding of their biology 
of reproduction (Odell et al. 1995). One aspect of captive 
reproduction that is of particular interest is the occur- 
rence of adoption, and calves nursing from females other 
than their mothers (D. K. Odell, Sea World of Florida, 
personal communication). Should we expect to see these 
behaviors in free-ranging manatees, or are they the result 
of artificial containment and crowding? At the Crystal 
River, despite many years of observation, we docu- 
mented only one possible case of adoption and one case 
of a stolen suckle by a presumably unrelated calf (Fig. 
8). We think that these two cases represent unique 
events. Although large aggregations of manatees are 
common today in Florida, they are actually unusual 
events in space and time. Only in Florida, which is at the 
edge of the species' distribution (Lefebvre et al. 1989), 
do large, persistent resource-based aggregations occur, 
and they may be a relatively recent phenomenon. As a 
result of the virtual elimination of purposeful predation 
by humans in Florida and predation by large carnivores, 
the concentrations of many manatees became common 
only in the last 40 years (Moore 1951). These resource- 
based aggregations were probably not common in pre- 
historic Florida (Powell and Rathbun 1984), just as they 
are nearly unheard of in other parts of their distribution. 
Because concentrated large numbers of manatees, in- 
cluding females and calves, in small areas have probably 
not been a feature of manatee ecology over evolutionary 
time, adoption and shared suckling are probably not 
evolved features but circumstantial accidents. 

More is now known about the reproduction biology 
of the Florida manatee than of any other sirenian. A 
better understanding of the population dynamics of all 
sirenians can be achieved by extension of this informa- 
tion to the other taxa and by comparing data among the 
different species (Marsh 1995). Few data are available 
on the traits of reproduction of free-ranging west African 

manatees (T. senegalensis) and Amazonian manatees (T. 
inunguis); published material (reviewed by Husar 1977, 
1978; Marmontel et al. 1992) suggests that these species 
are similar to the West Indian manatee (T. manatus). 

Twinning was one of the first traits of reproduction of 
manatees reported in the literature; twin fetuses in a T. 
manatus carcass from the Orinoco River in the eight- 
eenth century were documented by Gumilla (1745). 
Twin births, however, are unusual in manatees, as re- 
vealed by our observations (1.4%), by those of O'Shea 
and Hartley (1995) at Blue Spring (1.79%), and by the 
examinations of reproduction tracts in carcasses (4%) by 
Marmontel (1995). Twinning is also rare in most other 
marine mammals (Perrin et al. 1984; Riedman 1990; 
Riedman and Estes 1990), including dugongs (Marsh 
1995). 

The closest modern relatives of manatees are the sea 
cows (Family Dugongidae). The dugong (Dugong dugon) 
is the only surviving member of this group, and it occurs in 
tropical and subtropical near-shore waters of the Indo-Pa- 
cific (Nishiwaki and Marsh 1985). Most information on the 
reproduction of dugongs was determined by careful analyses 
of known-aged carcasses in northern Australia (Marsh et al. 
1984a, 1984b, 1984c; Marsh 1995) and by limited observa- 
tions in the field (Anderson and Birtles 1978; Preen 1989). 
Most features, such as the durations of gestation, depend- 
ence of the calf on its mother, and intervals between births 
are difficult to determine from carcasses, but estimates for 
dugongs are similar to estimates for manatees (Marsh 1995). 
However, female dugongs do not attain sexual maturity until 
they are 9-10 years old, which is nearly three times the age 
of sexual maturity in West Indian manatees along the south- 
ern Big Bend coast. We do not know why dugongs mature 
later than manatees, unless the difference relates to food 
resources, which in general may be of poorer quality and less 
abundant than those of manatees. Dugongs are largely ma- 
rine, feeding on submerged marine angiosperms, whereas 
manatees in Florida consume a much wider selection of 
plants, including marine and freshwater angiosperms, emer- 
gent vegetation, and algae (Best 1981). 

Data on reproduction from dugongs (Marsh et al. 1984c), 
Amazonian manatees (Best 1982), and West Indian mana- 
tees (Figs. 3 and 5; Odell et al. 1995) suggest diffuse, sea- 
sonal birth peaks in each species. Of particular interest are 
the proposed explanations of seasonality. Although all relate 
to seasonal environmental factors, the proximate causes are 
quite different. Best (1982) suggested that December-July 
flooding of the Amazon River enables manatees in the 
region of Manaus, Brazil, to disperse into inundated areas 
and take advantage of a greater abundance and diversity of 
nutritious plant foods. These manatees synchronize births 
with the floods. Marsh et al. (1984c) believed that dugongs 
breed seasonally during the August-December austral 
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spring because water temperatures are optimal for seagrass 
growth, which results in a more nutritious food supply for 
the dugongs during this time. In Florida, where manatees 
occur at the edge of their distribution (Lefebvre et al. 1989), 
low water temperatures during winter are important, but the 
effects of temperature on manatees are not clear. An indirect 
influence through the food supply is possible, as Marsh et al. 
(1984c) suggested in dugongs. We think another, perhaps 
more important factor, is the physiological stress from hy- 
pothermia when water temperatures are below about 13° C. 
Low temperatures may synchronize parturitions with the 
warmer summer months in Florida. The risk of parturition 
in water permits only a small latitude for abnormal occur- 
rences. Cold temperatures may increase the probability of 
complications at birth that increase calf mortality. However, 
O'Shea et al. (1985) pointed out that few, if any, moribund 
hypothermic or dead calves were found during cold weather 
in Florida. Rather, the newly weaned, subadult age-class is 
most vulnerable (O'Shea et al. 1985; Ackermanetal. 1995). 
Lactation is energetically costly (Oftedal 1985) and would 
be stressful to females during winter. Because gestation is 
energetically not as demanding as lactation (Oftedal 1985) 
and because gestation lasts about 12 months in manatees, 
the avoidance of excessive energetic demands during winter 
is probably sufficient for the diffusely seasonal pattern of 
giving birth we observed along the southern Big Bend coast. 
This explanation is also consistent with the diffusely sea- 
sonal reproduction in captive manatees in Florida oceanaria 
(*Odell et al. 1992), where circulating water systems track 
ambient air temperatures (D. K. Odell, Sea World of Florida, 
personal communication). Hernandez et al. (1995) also pro- 
posed another possibility: the seasonal occurrence of sper- 
matogenesis during the summer months may dictate or at 
least contribute to the diffuse birth peak during the summer 
in manatees in Florida. 

When the U.S. Fish and Wildlife Service initiated its 
research on manatees in Florida in 1974, one of the first 
activities was the determination of the abundance of 
manatees in the state with aerial surveys (Irvine and 
Campbell 1978). Dozens of aerial surveys have now 
been completed throughout the range of T. manatus 
(*Beeler and O'Shea 1988; Ackerman 1995), and virtu- 
ally all observers reported the proportion of calves to the 
total number of sighted manatees (gross birth rate). 
These rates in the southern Big Bend area (0.11; Table 5) 
are similar but lower than the rate of known individuals 
in the same area (0.13). The mean gross birth rate of all 
manatees in Florida (0.085, SD = 0.03; except in the 
southern Big Bend) and in manatees outside Florida 
(0.10, SD = 0.05; Table 5) are lower than the 0.13 (SD = 
0.02) rate we determined of known individuals in the 
Crystal River area (Table 1). Potential biases and errors 
in aerial survey data are numerous; some relate to survey 

techniques, such as variation in the number and experi- 
ence of the observers, different seasons, variable habi- 
tats, inconsistent air speed and altitude, and more. Other 
biases are due to behavior of the manatees, including 
females having a higher return rate to winter refugia than 
males, females with dependent calves arriving at winter 
refugia in advance of most males (Rathbun et al. 1990), 
calves being difficult to sight when closely associated 
with their mothers, and females with calves probably 
being less prone than females and males to wander far 
from warm-water refugia between winter cold spells. 

The basic life-history characteristics of West Indian 
manatees are similar to many other long-lived marine 
mammals with relatively low fecundity and high survival 
rates (Perrin et al. 1984). Based on an initial under- 
standing of the population dynamics of sirenians (Marsh 
et al. 1984c; *Packard 1985), many biologists were con- 
cerned about the future of manatees in Florida (*0'Shea 
1988). The recent efforts to develop models with the 
most current information on reproduction, mortality, and 
abundance of the manatees (Eberhardt and O'Shea 1995) 
are essential first steps for generating and implementing 
management that allows people and manatees to coexist 
in Florida. 

The data that we present in this paper include only some 
of the basic information for a simple understanding of 
manatee population dynamics (Eberhardt and O'Shea 
1995). Long-term research into basic life history such as 
age-specific reproduction and mortality must continue. Con- 
tinued monitoring of the population of manatees in winter 
in the southern Big Bend region is especially important for 
determining whether density-dependent effects develop as 
abundance increases. Only with these additional data can the 
next generation of population models be developed. Without 
these powerful tools, no one can predict and plan the future 
of manatees in Florida. 
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Table 5. Crude birth rates (number of calves per total number of individuals including calves) of West Indian manatees 
(Trichechus manatus); data are from aerial surveys reported in the literature. Blanks indicate data not available. Order 
arranged geographically from northeastern Florida along the coastline through Central America and then to the West 
Indies. 

Total number              Total number Crude 
of sightings of calves birth rates Location Season/year Source 

Eastern Florida 

0.070 St. Johns River, NE 
Florida 

Jul 1982-Jun 1983 Kinnaird(1985) 

151 15 0.099 Brevard Co. Aug 1977 Leatherwood (1978) 

1,139 94 0.083 Banana River Apr 1977-May 1978 *Irvineetal. (1979) 

3,686 326 0.088 Brevard Co. Jan 1978-Feb 1980 Shane (1983) 
290 0.140 St. Lucie Inlet south 

to Palm Beach Inlet 
Dec 1980-Feb 1981 ♦Packard (1981) 

772 40 0.052 Everglades Sep 1973-Jun 1976 *Odell(1979) 

Southwestern Florida 

335 36 0.101 Tampa Bay Jun 1979-Feb 1980 *Patton (1980) 

554 15 0.027 SW Florida (south 
of Pasco Co.) 

Jul 1979 
Sep-Dec 1979 

Irvine et al. (1982) 

314 26 0.080 Anna Maria south to 
Venice 

Jan-Dec 1985 *Patton (1986) 

269 18 0.067 Anna Maria south to 
Venice 

Mar-Dec 1986 *Pattonetal. (1987) 

Northwestern Florida 

460 50 0.109 Crystal River Nov-Mar 1977-82 Powell and Rathbun (1984) 
0.110 South Big Bend Nov-Mar 1981-85 Rathbun et al. (1990) 

All of Florida 

Mean and 0.098 Various power plants Winters 1977-90 »Reynolds (1991) 
range (0.068- 

0.133) 
on the eastern coast, 
St. Johns River, and 
Fort Myers 

738 (winter) 71 0.096 Florida (both coasts) Jan-Feb 1976 Irvine and Campbell (1978) 

245 (summer) 34 0.134 
0.117 

Florida (both coasts) 
Combined 

Aug 1976 

Outside Florida 

295 10 0.034 Q. Roo, Mexico Jul 1987-Jul 1988 Colmenero and Zarate (1990) 

101 9 0.089 Belize Sep 1977 Bengtson and Magor (1979) 

47 5 0.106 Belize May 1989 O'Shea and Salisbury (1991) 
(in text) 

23 4 0.170 Honduras Mar 1979, late 1979, 
May 1980 

Rathbun et al. (1983) 

70 11 0.157 Panama May-Dec 1987 MouSueetal. (1990) 

8 0 0 Haiti May 1982 Rathbun et al. (1985) 

119 14 0.118 Dominican Republic Feb-Apr 1977 
Jun, Aug 1977 
Oct-Dec 1977 

Belitsky and 
Belitsky (1980) 

226 15 0.066 Puerto Rico Aug 1976 
Jun 1978-Mar 1979 

Powell et al. (1981) 

523 40 0.076 Puerto Rico Mar 1984-Mar 1985 *Rathbun et al. (1986) 
192 27 0.141 Puerto Rico Jul 1988-Jan 1989 *Freeman and Quintero (1990) 
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updated and revised this paper through seemingly end- 
less iterations as more and more data became available. 
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Abstract. We summarize reproduction of adults and survival of calves and subadult Florida 
manatees (Trichechus manatus latirostris) that were identified in winter at Blue Spring on the upper 
St. Johns River in Florida. Some records span more than 20 years, but most are from 15-year continuous 
annual observations during winter 1978-79 through winter 1992-93. Fifty-seven, first-year calves 
were identified; 55 litter sizes were one, and one consisted of twins (1.79% of all births). Sex ratios of 
first-year calves did not significantly differ from 1:1. Based on 21 of 35 sighted females (15 individuals) 
that appeared pregnant and returned with calves during the subsequent winter, we estimated an early 
(neonatal to about 6 months) calf survival of 0.600. Based on estimations with a 
minimum-number-known-alive method, calf survival from the first to the second winter was at least 
0.822, and subadult survival was 0.903 to the third, 0.958 to the fourth, 1.00 to the fifth, and 1.00 to 
the sixth winters. Seven females were observed from year of birth to their first winter with a nursing 
calf; the mean age at parturition to the first calf that survived to the next winter was 5.4 + 0.98 (SD) 
years. The estimated ages at first conception ranged from 3 to 6 years. The proportion of adult pregnant 
females was 0.410/year. Weaning was not observed in winter. Intervals between births averaged 
2.60 + 0.81 years. The pooled proportion of adult females nursing first-winter calves was 0.303; the 
proportion of adult females nursing calves of any age was 0.407. These values do not significantly 
differ from those of manatees from the Crystal River or Atlantic Coast study areas. Anecdotal accounts 
are provided that suggested the existence of a pseudo estrus, an 11 to 13-month gestation, suppression 
of parturition in winter, and giving birth in quiet backwaters and canals. A female from Blue Spring 

1 Present address: National Biological Service, Midcontinent Ecological 
Science Center, 4512 McMurry Avenue, Fort Collins, Colo. 80525. 
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produced at least seven calves during the 22 years since first observed and died giving birth at an 
estimated age of 29 years. 

Key words: Blue Spring, St. Johns River, Florida manatee, Trichechus manatus latirostris, early 
survival, reproduction, life history. 

Prior to the 1970' s, little accurate information was avail- 
able on reproduction or early survival in wild populations of 
manatees. Information on these topics began to be published 
during the^l970's and early 1980's (Hartman 1979; Bengt- 
son 1981; Brownell et al. 1981) but was largely anecdotal 
or based on small data sets. In the absence of other satisfac- 
tory means to quickly accumulate data on such traits, the 
U.S. Fish and Wildlife Service in the late 1970's began to 
intensify long-term field observations of recognizable Flor- 
ida manatees {Trichechus manatus latirostris) at two clear- 
water sites where manatees aggregate in winter, Crystal 
River and Blue Spring. Rathbun et al. (1995) reported results 
from studies at Crystal River. In this paper, we report aspects 
of reproduction and early survival of manatees from joint 
studies by the service and the Florida Park Service at Blue 
Spring. We compared our results with those from studies at 
Crystal River and on the Atlantic Coast (Reid et al. 1995) 
and from studies of carcasses and captive animals (Odell 
et al. 1995; Marmontel 1995). 

Methods 

A description and review of the study area, population 
characteristics, and sampling procedures at Blue Spring 
were provided by O'Shea and Langtimm (1995). Blue 
Spring is a clear artesian spring located 240 km upstream 
(south) from the mouth of the St. Johns River in Volusia 
County near Orange City, Florida (Fig. 1). The season 
during which manatees aggregate usually extends from 
November to late March. Manatees use Blue Spring only as 
a thermal refuge and must leave it to forage in the St. Johns 
River. Nearly all manatees at Blue Spring are recognized by 
unique markings and scar patterns that are recorded by 
voucher photographs. Individuals are assigned identifica- 
tion numbers (prefix BS) and names. We used identification 
numbers for reporting our results because investigations on 
this population have not been terminated, and numbers will 
be of use to researchers in the future. The clear water and 
lack of aquatic vegetation allow unobstructed views of the 
manatees; intensive and repetitive observations are easy 
because the number of animals is small (total identifications 
increased because the size of the aggregation increased from 
23 during 1978-79 to 74 during 1991-92). The manatees 
were observed from banks above the spring, from canoes, 

An asterisk denotes unpublished material. 

and from below the water surface (snorkeling observer). 
Complete censuses were made almost every day during cool 
weather and have numbered from 59 to 89 censuses/year. 

This report is based primarily on research at Blue Spring 
during winter 1978-79 through winter 1992-93. The spring 
has been protected from public boating and swimming in 
winter since the late 1970's, and the number of manatees 
that frequent the spring each winter has increased from fewer 
than 30 to more than 70 during our study. Data reported here 
were collected from November through March each year 
(unlike in the Crystal River, manatees seldom appear at Blue 
Spring in October). However, we occasionally reference 
data from prior winters, from opportune sightings in other 
seasons, and from anecdotal accounts from year-round stud- 
ies with telemetry. Information we reference from earlier 
years of study appeared in Powell and Waldron (*1981); 
observations during studies with telemetry in 1979 and 1980 
were excerpted from Bengtson (1981) and from our unpub- 
lished telemetry data from 1981 and 1983. We also made 
follow-up observations of females (BS 05 and BS 40) who 
were pursued by three herds of males that Bengtson (1981) 
tracked by telemetry at various locations in the St. Johns 
River during summer and early fall 1980. Bengtson (1981) 
observed three births during radio-tracking in April, May, 
and August 1980. Beeler and O'Shea (*1988) provided the 
unpublished summaries of locations of calf carcasses in the 
St. Johns River during 1974to 1985,andtheFloridaDepart- 
ment of Environmental Protection (unpublished data) re- 
corded dates of an additional seven calf carcasses found in 
the St. Johns River during 1986 through 1992. We present 
these records with information on mating, gestation, and 
giving birth. 

We followed the techniques, criteria, and definitions 
described in Rathbun et al. (1995) for recording and calcu- 
lating information about reproduction. Determination of 
pregnancy by visible criteria, definition of winter, and ap- 
plication of tail nicks for the identification of calves are 
identical to those used at the Crystal River (Rathbun et al. 
1995). However, Rathbun et al. (1995) estimated parame- 
ters in reproduction from a censored data set that was 
restricted to females sighted for eight or more continuous 
winter seasons. Because of smaller sample sizes and the 
potential loss of information, we did not follow this proce- 
dure except for calculating intervals between births. We use 
the term first-winter calf to designate young, suckling mana- 
tees born since the previous winter aggregation period. 
Actual dates of birth were usually not known. 
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Fig. 1. The St. Johns River and associated backwaters near Blue Spring, Florida, including place names used in this report. 

We followed the method of Rathbun et al. (1995) for 
estimating the proportion of calves that survived from birth 
to the first winter. We summed records of females that 
appeared pregnant (swollen and distended as described by 
Rathbun et al. [1995]; slight bulges were ignored; females 
that were identified as possibly pregnant were not included 
in the analyses) in one winter and were observed again in 
the next winter. The ratio of the number of these females 
seen with calves in the next winter subsequent to pregnancy 
and the total number of pregnant females observed the 
previous winter was considered an index of early-calf sur- 
vival (roughly covering the period from late pregnancy to 
about 6 months of age of the calf). We also determined 

unique markings of each calf (including tail nicks) during 
the period of dependency on its mother and during sub- 
sequent years. Based on these markings, we computed an 
index of annual survival from winter to winter, beginning 
with the first winter of life and ending with the sixth winter. 
Calculations were made with a minimum-number-known- 
alive-method (Stirling 1971), by which survival was com- 
puted as the simple proportion of the total number of calves 
observed in one winter that was observed alive in the next 
winter or in any subsequent winter. These are minimum 
estimates because calves that emigrate to other sites between 
winters or that may return but are not recognized are as- 
sumed to have not survived. We tabulated year of birth and 
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fate of each calf in each subsequent winter to obtain these 
estimates. Calculations do not include calves born prior to 
1978 and calves of two females (BS 125 and BS 103) who 
were seldom seen in aggregations in winter at Blue Spring 
and therefore may not have been subject to the same eco- 
logical circumstances as the majority of other females and 
offspring in the data set. The proportion of adult females 
pregnant each winter was determined by summing the num- 
ber of females that appeared pregnant in one winter and the 
number of females that did not appear pregnant in the same 
winter but returned to the aggregation site with first-winter 
calves in the second winter and by dividing this sum by the 
total number of adult females present in the aggregation the 
first winter. The total proportion of females reproductive 
each winter was the quotient of the known lactating and 
pregnant females and the total number of adult females 
present in the aggregation that winter. Twins were consid- 
ered a single birth for calculating these proportions. We used 
the chi-square statistic to test hypotheses of no differences 
between proportions (Sokal and Rohlf 1969). 

Results 

Mating, Gestation, and Parturition 

An adult female (BS 05) and her 4-month old calf were 
attended by a herd of as many as 15 males for 10 days in 
September 1980. She continued to nurse the calf observed 
in September 1980 until at least April 1981, and did not give 
birth again until 1982. We also observed the pursuit of this 
female by a herd of males in April 1983 during our study 
with radio-tracking in reaches of the St. Johns River near 
Welaka. As many as 12 other manatees were with this 
female from about April 5 until early May. As in September 
1980, she was accompanied by a nursing calf (BS 53). 
However, this calf had been born in 1982 and was older and 
considerably larger than the accompanying calf in 1980. 
Subsequent to the 1983 observation near Welaka, the female 
returned without a calf the next two winters. These observa- 
tions suggested that the presumed mating did not result in 
conception. 

Two herds of males pursued a female (BS 40) in 1980. 
The first herd persisted from at least 3 to 14 September 1980 
and consisted of eight adult males. The second herd, ap- 
proximately 3 weeks later, persisted from 4 to 12 October 
1980 and consisted of 12 adult males. On 14 November 
1981, the female was seen with a small calf at Blue Spring. 
She was last seen without a calf on 27 August 1981 near 
Lake Dexter; her transmitter failed on 3 September. The 
estimated length of gestation may have been as long as 13 
months (assuming conception in September 1980 and birth 
as late as October 1981) or only 11 months (assuming 

conception in early October 1980 and birth in September 
1981, the month after the last sighting without a calf). 

On 11 May 1990 a herd of at least seven recognizable 
adult males passed by Blue Spring in pursuit of a 4-year- 
old female (BS 73). This individual, however, returned 
without a new calf and was not judged to be pregnant 
during winter 1990-91. On numerous other occasions we 
observed males consorting with females but doubted that 
such herds were consorting with females in estrus. 

Forty-nine births were recorded since 1978 (Table 1). 
Females did not give birth during November, December, or 
January in any year. Only one birth occurred in February. 
One female (BS17) was last seen without a calf at Blue 
Spring on 2 February 1986 and was pregnant. She was not 
seen during a subsequent long warm spell but returned on 3 
March with a very small suckling calf (BS 78). The calf was 
alive when we last saw the pair that season on 24 March. 
However, the mother returned to Blue Spring in the follow- 
ing winter without the calf, which we assumed to have died. 

The number of other anecdotal records on timing of births 
was too small to determine whether giving birth was sea- 
sonal other than being suppressed from November through 
February, although most births were in spring (March, April, 
and May). Birth dates of three calves were known (25 April, 
12 May, and approximately 10 August) from radio-tracking 
in 1980 (Bengtson 1981). In addition, we made several other 
observations. One pregnant female (BS 37) left Blue Spring 
on21 March 1988 and was again observed on 14 April when 
she was accompanied by a small calf (BS 95); local residents 
observed another female (BS 106) giving birth in a canal off 
the St. Johns River near Astor on 13 April 1993; BS 54 left 
Blue Spring pregnant on 18 March 1991 and returned with 
a calf on 9 April. The carcass of a female (BS 36) with a 
large fetus was recovered on 16April 1988. Another female 
(BS 05) with a near-term (143 cm total body length [TL]) 
fetus died on 6 August 1992. A pregnant female (BS 09) in 
winter 1982-83 was subsequently observed without a calf 
in the Why Lagoon off the Highland Park Canal on 15 July 
1983 and with a very small calf (BS 62) at the same location 
on 19 August, indicating a birth in July-August. 

The three births in 1980 occurred during warm months 
in quiet backwaters off the main channel of the St. Johns 
River. In addition to the birth in April 1993 in the residential 
canal off the St. Johns near Astor, carcasses of dependent 
calves were found in the area from April 1974 through 
December 1992. Carcasses of 10 small, newborn-sized (107 
to 150 cm TL) calves were recovered in the St. Johns River 
system south of Welaka. Locations included the Shell Creek 
backwater off Mud Lake; a canal off the St. Johns River near 
Crow's Bluff; the northwest shore of Lake Beresford; 
Jimmy Cove near Lake Dexter; near Tick Island, Lake 
Dexter; Welaka Springs; a canal off Ziegler Dead River; a 
canal off the St. Johns River near Sanford; and a residential 
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Table 1. Florida manatee (Trichechus manatus latirostris) calves observed in aggregations at Blue Spring during winters 
1978-1979 through 1992-1993. Winters refer to consecutive winters of life. A = live calves observed at Blue Spring; 
D = calves that died subsequent to previous winter; U = fate unknown. Blanks appear when sex or number of winters 

dependent was not determined. 

Number 

ientification 
of winters 
dependent 

Year of 
birth 

Winter 

Young i( 1 2 3 4 5 6 

BS25 m Lenny 1 1978 A A A A A A 

BS28 m Floyd 1 1978 A A A A A A 

BS29 m Boomer 1 1979 A A A A A A 

BS30 m Luther 2 1979 A A A A A A 

BS35 m Robin 2 1980 A A A A A A 

BS36 f Felicity 1 1980 A A A A A A 

BS37 f Lucille 2 1980 A A A A A A 

BS38 m Lennon 1980 A U U U U U 

BS45 m Shane 1 1981 A A A A A A 

BS46 f Nora 2 1981 A A U U U U 

BS53 m Philip 1 1982 A A A A A A 

BS54 f Success 2 1982 A A A A A A 

BS55 f Donna 2 1982 A A A A A A 

BS62 m Emmet 1 1983 A A U U U U 

BS63 m Lunatic 2 1983 A A A A A A 

BS67 m Adam West 1 1984 A A A A A A 

BS70 m Porky 1984 A U U U U U 

BS71 m Margarito 1 1984 A A A A A A 

BS72 f Elaine 1 1985 A U A A A A 

BS73 f Lola 2 1985 A A A A A A 

BS74 Jolly 1 1985 A U U U U U 

BS75 m Frederick 2 1985 A A D 

BS76 f Beebe 1 1985 A U U u U U 

BS77 Delta 1 1985 A U U u u u 
BS78 Kris 0 1986 D 

BS87 f Liza 1 1986 A A A D 

BS91 f Bubblegum 1 1987 A U U U u 
BS92 f June 1 1987 A A A A A A 

BS95 Lufa 0 1988 D 

BS98 f Lillith 1 1988 A A A A A 

BS99 f Destiny 2 1988 A A A A A 

BS100 m Phud 1 1988 A A A A A 

BS101 m Lester 1 1988 A D 

BS 102 f Dana 2 1988 A A A A A 

BS 110 m O'Shea 2 1989 A A A A 

BS 111 m Luke 1 1989 A A A A 

BS118 f Julie 2 1990 A A A 

BS119 m Loomis 1 1990 A A A 

BS 120 f Lucretia 1 1990 A A A 

BS121 f Ester 1 1990 A A A 

BS126 m Chuck 1 1991 A A 

BS127 m Bertram 1991 A U 

BS 128 m Bartram 2 1991 A A 

BS 129 f Hope 1 1991 A A 

BS130 f Delaine 1 1991 A A 

BS131 f Jessica 1 1991 A A 

BS 132 m Murphy 1 1991 A A 

BS139 m Kowabunga 1992 A 

BS 140 f Precious 1992 A 
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canal north of MullettLake. All 10 were found during warm 
months (n = 3 in April; n = 4 in May; n = 1 in July; n = 1 in 
August; n = 1 in September), and none was in the main body 
of the St. Johns River. 

One female (BS 08) from Blue Spring gave birth on 
25 April 1980 in the quiet backwater of the Ziegler Dead 
River. The female and the calf stayed in the Ziegler Dead 
River for several days after birth. On 30 April 1980, at 
1230 h, the female was approached by a lone adult male (BS 
01) who persistently pushed and thrashed her. The female 
responded with lunges above the water surface as if trying 
to break away from the male. The female and 5-day-old calf 
slowly moved through the shallow (1-2 m) water and spat- 
terdock (Nuphar luteum) beds. The male followed closely, 
often within 1 m and frequently contacted and attempted to 
mount the female. The male was still accompanying the pair 
when the observation was terminated at 1630 h. The calf (BS 
35) returned to Blue Spring with its mother in the next 
winter. 

Litter Size and Sex Ratio of Calves 

Fifty-seven calves were identified at Blue Spring 
since winter 1970-71, including 49 born to 22 females 
since winter 1978-79 (Tables 1 and 2). The total in- 
cluded six males identified during winters 1970-71 (1 
calf), 1971-72 (1 calf), 1975-76 (3 calves), and 1976-77 
(1 calf) and two males (BS 103 and BS 125) that were 
excluded from analyses. Although litter size at birth was 
usually not known, all but one of the first-winter calves 
were singletons. The minimum twinning rate was 1.79% 
(1 of 56 births). The sex of 21 females and 32 males was 
determined. The sex of four calves could not be deter- 
mined. The sex ratio was not significantly different from 
1:1 (X2 = 2.28, df= 1, P = 0.13). During the 1970's, all 
calves (n = 10) in the group were males. From 1980 
through 1992-93, in contrast, females returned to Blue 
Spring with 22 male and 21 female calves. A set of male 
twins was born in 1991. 

Early Survival of Calves 

Thirty-five pregnancies of 15 females were deter- 
mined by appearances. These females returned to Blue 
Spring during winters after each of the observed preg- 
nancies; 21 returned with one calf, indicating an annual 
calf survival rate of 0.600 from late pregnancy to first 
winter. Two of the pregnant females were seen with 
newborn calves (BS 78 and BS 95; Table 1) in March 
1986 and April 1988. The calves were assumed to have 
died prior to the next winter when the females returned 
without them. Inclusion of these two calves in our analy- 
ses raised the estimated minimum survival at birth to 
0.657. Many females that returned without their calves 
to Blue Spring in winters subsequent to giving birth in 

the preceding spring were pregnant again. Pregnancy 
was determined of 10 of 14 females who returned to Blue 
Spring without calves in the subsequent winter; all 10 
were pregnant again by the next winter (Table 2). 

Thirty-seven of 45 (0.822) calves survived from the first 
to the second winter (Table 1). The actual survival between 
the first and the second winter was assumed to be higher. 
The death of only one calf was verified (BS 101, killed by a 
boat strike). Four of the seven calves whose fates were 
unknown (BS 38, BS 70, BS 74, and BS 77) were offspring 
of females that did not consistently winter at Blue Spring 
(Table 2) and therefore could have been weaned closer to 
some other site where manatees aggregate in winter. Only 
one of the twins (Fig. 2) was alive during the second winter, 
when it continued to nurse from its mother. 

The minimum survival rate between the second and the 
third winters was 0.903 (28 of 31 calves); one (BS 75) was 
killed by a boat strike (Table 1). The two calves whose fates 
could not be determined (BS 46 and BS 62) were the off- 
spring of females that did not consistently winter at Blue 
Spring. The minimum survival rate from third to fourth 
winters was 0.958 (23 of 24 calves). One calf was killed by 
a boat strike. Survival was 1.00 between the fourth and the 
fifth winters (21 of 21) and between the fifth and sixth 
winters (17 of 17). 

Age at First Reproduction 

We estimated the age at first successful reproduction 
(returning to the spring with a nursing calf) of seven 
females (Table 3). To the nearest year of ages these 
females were 4, 5, 5, 5, 6, 6, and 7 years old 
(mean = 5.4 ± 0.98 [SD]). The youngest ages at which 
females appeared pregnant were two females between 
the ages of 3 and 4 (BS 36, BS 102) and one older than 
4 but less than 5 (BS 54). However, none of these fe- 
males returned with a calf in winter after a pregnancy in 
the preceding spring. The youngest ages at first repro- 
duction based on returns to the spring with first-winter 
calves were one 3 to 4-year-old female (BS 92), two 4 to 
5-year-old females (BS 37 and BS 72), and one 5 to 
6-year-old female (BS 55). If the duration of gestation 
was approximately 1 year, the ages of females at first 
conception, regardless of outcome, were 3 years (n = 3), 
4 years (n = 3), 5 years (n = 1), and 6 years (n = 1; 
Table 3). 

Although six of the seven first-born live calves were 
female, the sex ratio at birth did not deviate significantly 
from a 1:1 (x2 = 2.28, df=l,P = 0.13). The age of the 
female (BS 107) who gave birth to twins was unknown. 
However, based on size and appearance, she seemed to 
be about 3 years old when she was first identified in 
winter 1988-89, 3 years prior to twinning. 
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Fig. 2. Florida manatee (Trichechus manatus latirostris) female (BS 107) with first-winter twin offspring (BS 127 and BS 128) at 
Blue Spring, winter 1991-1992. Photo by T. J. O'Shea. 

Table 3. First pregnancies or births by known-age or approximate known-age female Florida manatees (Trichechus 
manatus latirostris) from Blue Spring on the upper St. Johns River. V = visually detected pregnancy; S = pregnancy 
determined by appearance with a calf in the subsequent winter. The length of gestation is assumed to be approximately 
12 months. Although months of births are usually unknown, births did not occur during November, December, 
January, and February. 

Probable 
age at first First nursing calf 

Year/date First known pregnancy Estimated conception ] iistimated 
Female of birth Basis Winter age (year) (year) 

3 

Winter 

1985-86 

ige (year) 

BS36 12 May 1980 V 1983-84 3.6 5.4 
BS37 10 August 1980 S 1984-85 4.3 4 1985-86 5.1 
BS54 1982 V 1986-87 4.0+ 4 1988-89 6.0+ 
BS55 1982 S 1987-88 5.0+ 5 1988-89 6.0+ 
BS72 1985 S 1989-90 4.0+ 4 1990-91 5.0+ 
BS73 1985 V 1991-92 6.0+ 6 1992-93 7.0+ 
BS92 1987 S 1990-91 3.0+ 3 1991-92 4.0+ 
BS102 1988 V 1991-92 3.0+ 3 
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Intervals Between Births and Duration 
of Dependency of Calves 

We calculated a mean interval between births of 
2.60 ± 0.81 years (winter seasons; n = 12 females; Ta- 
ble 2). The mean duration of 25 intervals between births 
in seven females with 9 to 18-year histories in the re- 
stricted subset of the data was 2.60 ± 0.87 years. 

The duration of dependency on mothers was determined 
of 42 calves whose fates were known and dependency did 
not end with the death of the calf. The dependency of 28 
(66.7%) calves lasted one winter, whereas the dependency 
of 14 (33.3%) calves lasted two winters. The length of 
dependency was not related to the sex of calves (% = 0.44, 
df = 1, P = 0.507): the dependencies of 14 males and 12 
females lasted 1 year, and the dependencies of 6 males and 
8 females lasted 2 years. Periods of dependency of six calves 
that were the first-born offspring were 1, 1, 2, 2, 2, and 2 
winter seasons. We did not observe weaning, loss, perma- 
nent separation, or death of calves during winter months 
(November through February); all females that were accom- 
panied by nursing calves at the onset of winter continued to 
be accompanied by their calves at the break-up of the 
aggregation period in spring. 

Proportion of Reproductive Females 
and Longevity of Reproduction 

A high proportion of the females at Blue Spring 
reproduced each year (Table 4). Sample sizes were small 
(6-15) each year, and proportions widely fluctuated 
from year to year. However, based on the total number 
from all years, the pooled average proportion of adult 
females that nursed first-winter calves during winters 
1978-79 through 1992-93 was 0.303 (46 calves of 152 
records of mature females). The proportion of lactating 
females (nursed either a first- or second-year calf) was 
0.407 (62 of 152 records of mature females). The propor- 
tion of pregnant females was 0.410, based on 57 of 139 
records in the period excluding 1992-93 (records are not 
complete for this statistic until births of 1992-1993 are 
observed in 1993-94). Overall, the proportion of females 
that reproduced each year through winter 1991-92 was 
0.834; the sum of the proportion of pregnant females and 
the proportion of females who were nursing first-year 
calves was 0.727. 

One female (BS 05; Fig. 3) first observed in winter 
1970-71 was accompanied by a calf when seen again in 
1971-72. No records were kept in 1972-73 or 1973-74, 

Table 4. Annual reproductive status of female Florida manatees (Trichechus manatus latirostris) in the aggregation 
site at Blue Spring on the upper St. Johns River. Dashes appear where data are incomplete on pregnancy status based 
on presence of calves the subsequent winter. The case of twins is computed as a single calving. 

Number Number Proportion 
Number Number nursing nursing nursing 

Number Number pregnant pregnancy first second first 
adult diagnosed based on status winter winter Proportion Proportion winter Proportion 

Winter      females pregnant return unknown calf calf pregnant lactating calf reproductive 

1978-79 6 1 1 2 2 0 0.333 0.333 0.333 0.666 
1979-80 6 3 1 0 2 0 0.666 0.333 0.333 0.999 

1980-81 8 3 0 0 4 1 0.375 0.625 0.500 1.000 
1981-82 9 1 3 1 2 2 0.444 0.444 0.222 0.888 
1982-83 9 3 0 2 3 1 0.333 0.444 0.333 0.777 
1983-84 9 1 3 1 2 2 0.444 0.444 0.222 0.888 
1984-85 10 2 3 1 3 1 0.500 0.400 0.300 0.900 
1985-86 10 2 1 1 6 0 0.300 0.600 0.600 0.900 

1986-87 10 1 2 4 1 2 0.300 0.300 0.100 0.600 
1987-88 11 5 2 2 2 0 0.636 0.182 0.182 0.818 
1988-89 10 1 1 2 5 1 0.222 0.600 0.500 0.800 
1989-90 11 2 3 2 2 2 0.455 0.364 0.182 0.819 
1990-91 15 6 1 2 4 2 0.466 0.400 0.267 0.866 
1991-92 15 5 0 3 6 1 0.333 0.467 0.400 0.800 
1992-93 13 2 1 7 2 1 — 0.230 0.154 — 
Pooled 139 36 21 23 44 15 0.410 0.424 0.317 0.834 

(through 
1991-92) 

Pooled 152 38 — — 46 16 — 0.407 0.303 — 
(through 
1992-93) 



166    INFORMATION AND TECHNOLOGY REPORT 1 

^^^Hl HHHRf 
jä^^^^^^M ̂ ^p 

^fl^^^^^^H| BBIH~ 
JP^^^^P •      ':'■''£''" 

■■flfe          ^&(^JL^ 
* ~V*^ P» 

•«•;«!                                                       *** 

■ 

Fig. 3. Phoebe (BS 05), an adult female Florida manatee (Trichechus manatus latirostris) recognizable from a deformed flipper and 
dorsal- and tail-scar patterns. She was first identified from film footage taken by Jacques Costeau at Blue Spring in winter 
1970-1971. She had at least seven offspring during a 22-year period and died while pregnant in 1992 at a weight of 1,216 kg. 
Photo by T.J.O'Shea. 

but this individual was subsequently observed at Blue 
Spring in every winter during 1974-75 through 1991-92. 
She had six calves during the 18 consecutive years. Includ- 
ing her nursing calf in 1971-72, she produced five males 
and two females. None of the six calves recorded during 
the 18 consecutive years was dependent longer than one 
winter season. The female was found in distress and 
brought to a captive rehabilitation facility on 6 August 
1992. She died on the same day from complications of a 
late-term pregnancy. She was pregnant with a 143-cm TL, 
49.9-kg, near-term fetus (which also died). At death, the 
female was 365 cm TL and 1,216 kg. Her estimated age 
was 29 years based on growth-layer-group counts in the 
dome portion of the periotic bone (Marmontel 1993). No 
other female at Blue Spring was observed for as many 
winters as this female. She reproduced during at least 22 
years (1970-71 through 1991-92). 

The observations of some other females also were fairly 
lengthy. One female (BS 04) was observed from 1974-75 
(at an unknown age) through 1992-93 (no records were kept 
in 1976-77). She returned to Blue Spring with five calves 

during her 19-year history and was accompanied by a first- 
winter calf in winter 1992-93. Another female (BS 40) was 
first identified at an unknown age at Blue Spring in winter 
1974-75 but was not observed again until 1980-81. Since 
winter 1980-81, she was seen at Blue Spring each winter 
through 1992-93 except in 1985-86 (although in 4 of the 
12 winters she was present early but left by mid-winter). This 
individual, however, has not been pregnant or nursing a calf 
since 1984-85 (perhaps having entered a phase of reproduc- 
tive senescence) and was only known to produce two calves 
during her entire history (Table 2). 

Discussion 

Much information from our observations of the repro- 
duction of recognizable females at Blue Spring is similar to 
that obtained in other studies. Rathbun et al. (1995) noted a 
mean age of 5.1 ± 1.21 years at first successful reproduction 
by seven female manatees in the Crystal River, an age 
equivalent to those of the seven females we observed at Blue 
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Spring (5.4 ± 0.98 years). We noted an average interval 
between births of 2.60 ±0.81 years at Blue Spring, whereas 
Rathbun et al. (1995) calculated an interval of 2.48 ± 0.77 
based on a larger data set from the Crystal River. Reid et al. 
(1995) computed a mean interval between births of 2.6 years 
based on 11 intervals from ten identifiable individuals on the 
Atlantic Coast. We estimated that female manatees at Blue 
Spring became sexually mature when they—like conspeci- 
fics in the Crystal River (Rathbun et al. 1995)—were as 
young as 3 and 4 years old. Based on findings from anatomi- 
cal studies of carcasses, Marmontel (1995) also estimated 
that females at their earliest pregnancies were 3 and 4 years 
old and noted that all salvaged carcasses of females that were 
5 years old or older were sexually mature. 

The proportion of reproducing females was high at Blue 
Spring. We noted apooled proportion (through 1991-92) of 
0.41 of the adult females that were pregnant and a proportion 
of 0.42 that were lactating, indicating that a proportion of 
0.83 of the adult females were either pregnant or nursing a 
calf. The proportion of females nursing first-year calves 
(through 1992-93) was 0.30. The proportions of females 
nursing first-year calves were higher in the Crystal River 
(0.36) and on the Atlantic Coast (0.38), but sample sizes 
were larger in these two study areas (Rathbun et al. 1995; 
Reid et al. 1995), and the pooled proportions of females 
nursing first-year calves were not significantly different 
(X2 = 3.16, df = 2, P = 0.21, mean proportion 0.362) among 
the three study areas. The proportion of lactating females 
(first- and second-year calves) at Blue Spring (0.407) was 
essentially identical to those on the Atlantic Coast (0.420) 
and in the Crystal River (0.422; %2 = 0.07, df= 2,P = 0.97, 
mean proportion 0.420). These proportions are higher than 
those calculated from findings from examinations of repro- 
ductive tracts of salvaged carcasses from throughout the 
range (0.333 pregnant and 0.180 lactating; Marmontel 
1995). Higher rates of pregnancy and lactation from obser- 
vations on living animals confirmed Marmontel's (1995) 
caution that such rates based on carcass examinations could 
be biased downwards because of sampling problems (in- 
complete necropsies, decomposition of carcasses, and per- 
haps over-representation of unhealthy, senescent, or other- 
wise non-reproducing females in carcass samples). Unlike 
the carcass-based data set, which is accumulated year-round, 
however, observations from longitudinal studies are season- 
ally biased. Births and weaning, for example, seemed to be 
suppressed during winter at Blue Spring. Live-animal data 
sets may be biased upwards if the sex of reproductively 
active females is documented with greater frequency be- 
cause of the presence of calves (O'Shea and Langtimm 
1995). However, because the proportions of lactating fe- 
males do not differ among the three study areas, despite 
differences in intensity of sampling and sampling conditions 
(O'Shea and Langtimm 1995), we suspect this bias is mini- 

mal. Although the number of observed adult females in any 
one year was small at Blue Spring, observations were more 
intensive and repetitive there than in other study areas. The 
lactation status of all females was determined at Blue Spring, 
and proportions were equivalent to those in the Crystal River 
and Atlantic Coast study areas. 

Our finding of the non-occurrence of births in winter 
is also concordant with information from studies in the 
Crystal River and studies of carcasses (Marmontel 1995; 
Rathbun et al. 1995). Information on the tendency of 
suppressed weaning of calves during winter is emerging. 
In addition to our findings of an absence of weaning in 
winter at Blue Spring, Reid et al. (1995) noted only one 
of seven calves was weaned during studies with radio- 
tracking on the Atlantic Coast during November through 
February. Suppression of weaning during November- 
February is clearly adaptive (particularly in northern 
Florida) because cool temperatures during these months 
impose the most serious energetic stress on manatees 
(Irvine 1983), and manatees in the weaning age and size 
classes are most susceptible to mortality in winter 
(O'Shea et al. 1985; Marmontel 1993; Ackerman et al. 
1995). Continued nursing in winter supplements the diet 
of calves with energy-rich milk, and continued close 
association with mothers presumably confers on calves 
the benefits of the adult females' experience in avoiding 
temperature extremes and finding profitable sources of 
food. The absence of a pattern of one- or two-winter 
dependencies according to sex of the calf is consistent 
with findings on the Crystal River (Rathbun et al. 1995). 
The proportion of calves that was dependent for two 
winter periods also did not significantly differ 
(X2 = 2.01, df = 2, P = 0.37, mean proportion 0.250) 
among the Blue Spring (0.333; 14 of 42 calves), Crystal 
River (0.231; 28 of 121 calves; Rathbun et al. 1995), and 
Atlantic Coast (0.216; 8 of 37 calves; Reid et al. 1995) 
study sites. Sample sizes of period of dependency by age 
of female at Blue Spring were too small for statistical 
analysis but, as in manatees in the Crystal River (Rath- 
bun et al. 1995), a tendency of nursing first-born calves 
longer than 2 winters may exist in manatees at Blue 
Spring (four of six cases). If so, energy expenditure may 
explain the trend. Lactation in first-time reproducing 
females may pose demands on continued growth in body 
size (O'Shea and Reep [1990] recorded growth beyond 
ages at first reproduction in manatees at Blue Spring), 
and these dual demands may require a longer period of 
lactation. 

Other aspects of reproduction in manatees that were 
identified in our studies are also similar to findings by 
others. These include the apparent existence of a pseudo- 
estrus (Hartman 1979; Marmontel 1995; Rathbun et al. 
1995), an approximately 1 -year gestation (Rathbun et al. 
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1995; Reid et al. 1995), a seeming preference for giving 
birth in quiet waters and canals (Rathbun et al. 1995; 
Reid et al. 1995), and a low incidence of twinning and 
1:1 sex ratios of calves (Marmontel 1995; Rathbun et al. 
1995). In general, the high concordance of nearly all 
aspects of reproduction in manatees among study areas 
is remarkable because of the long distances between 
these areas and the contrasting habitats and environ- 
mental conditions, particularly in winter. These contrasts 
include the dark, tannin-stained freshwater conditions 
that dominate the range of the Blue Spring group, which 
must enter cold water to forage in winter; the ready 
availability of freshwater vegetation to the aggregation 
of manatees in winter in the Crystal River (in summer, 
some of these manatees foraged in estuaries and rivers 
of the largely uninhabited Big Bend Coast of the Gulf of 
Mexico); and the seagrass-dominated habitats of the 
group on the Atlantic Coast (many of these manatees 
make long migrations and frequent intensively urban- 
ized settings). The ranges of manatees studied at Blue 
Spring and on the Atlantic Coast overlap, and some 
interchange occurs between these two aggregations 
(Reid et al. 1991). However, Crystal River and Blue 
Spring are as widely separated by water as possible in 
the range of manatees in Florida and are on opposite 
sides of the peninsula, precluding significant inter- 
change. Perhaps this concordance of reproductive traits 
of manatees among study areas indicates that manatees 
in Florida are convergent on a maximum level of repro- 
duction, unrestrained by density-dependent mecha- 
nisms. We recommend the continuation of longitudinal 
studies at these sites to document shifts in traits of 
reproduction, to increase sample sizes, and to improve 
an understanding of patterns of variation. 

Survival of calves between late pregnancies in one 
winter to their appearances with mothers in subsequent 
winters was also remarkably similar between the Blue 
Spring (0.60) and Crystal River (0.67) sites, where the 
number of observations (55 of 82 cases) was substan- 
tially higher (Rathbun et al. 1995). Our data show higher 
annual survival of calves after the first winter at Blue 
Spring; by the third winter, rates essentially matched 
those of adults (O'Shea and Langtimm 1995). Compara- 
ble data from other studies about the survival of calves 
beyond the first winter are not available. Rathbun et al. 
(1995) noted that only 36% of 22 calves that were tail- 
nicked while dependent were re-identified at least three 
seasons after weaning in the Crystal River. This is almost 
half of the survival we observed at Blue Spring by similar 
criteria (22 of 33 or 67%; Table 1) and is probably 
attributable to difficulties in re-identifying animals un- 
der the observation conditions in the Crystal River rather 
than higher subadult mortality (in the Crystal River, 

larger areas must be searched, greater numbers of mana- 
tees must be distinguished, and the rate of scarring on 
calves that facilitates recognition is probably lower). 

Mortality factors that contribute to the lower survival 
of manatees during their early years are largely unknown, 
but the numbers of dead in the very young perinatal 
category have been increasing (Ackerman et al. 1995) and 
are a substantial fraction of the total (Marmontel 1995). 
Most explanations for these perinatal deaths have been 
largely speculative and include possible orphaning be- 
cause of disturbance or death of mothers by human activi- 
ties, increasing proportions of younger females in the 
population that may be unsuccessful in first attempts at 
giving birth or nursing, or pollution or disease (*U.S. 
Marine Mammal Commission 1993). In reality, early mor- 
tality is probably caused by multiple sources, including a 
variety of natural causes. 

We speculate that some perinatal deaths may be due 
to behavior of males. Hartman (1979:101-102) aptly 
described the intense and "unrelenting pursuit" of fe- 
males by herds of "bulls," including "violent jack- 
knife^)" and "frenzied embraces," and also noted that 
these pursuits are sometimes of females with calves. Our 
observations of males that pursued females with calves, 
including the case of the lone male and the female with 
a 5-day-old calf, are concordant with those of Hartman 
(1979). This leads us to speculate that some fraction of 
the largely unexplained cases of perinatal mortality may 
result from such pursuits. One may envision young 
calves being left behind or lost as females try to elude 
pursuing males, calves that are stressed from trying to 
keep up with their mothers and having their nursing 
patterns interrupted, or calves that are physically injured 
or drowned during the intense pursuits of females by 
males. Calves may also die if males interrupt females 
during parturition. Perinatal deaths would be to the ad- 
vantage of males (akin to the evolutionary male mating 
strategy involving infanticide known of a variety of 
mammals; Hausfater and Hrdy 1984) if females become 
estrous soon after the deaths of their calves. The latter is 
evidenced by the high incidence of pregnancy we noted 
among females that had lost calves between successive 
winters and Hartman's (1979) observations of a female 
in estrus 10-15 days after the loss of a calf at birth. 
Because of the low probability that the killed calves are 
offspring of the pursuing males—considering the rela- 
tively promiscuous mating system described by Hartman 
(1979)—the fitness of such males are enhanced. Move- 
ment patterns of male manatees in the St. Johns River 
have generally been described as patrolling circuits in 
search of estrous females during warm months (Bengt- 
son 1981), and greater rates and wider ranges of travel 
were also suggested of male manatees on the Gulf Coast 
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(Rathbun et al. 1990). Although loss of very young 
calves would be least costly to females because of the 
relatively low energetic investment at that stage, the 
seeming preference by females for giving birth in quiet 
canals and backwaters away from main channels of 
travel may function to avoid roving males. We did not 
observe separation or loss of calves at Blue Spring during 
winter, when breeding condition of males is suppressed 
(Hernandez et al. 1995). Mating strategies are an impor- 
tant topic in modern behavioral and evolutionary ecol- 
ogy (Clutton-Brock 1988, Clutton-Brock and Parker 
1992), but in manatees have not been well studied or 
interpreted according to contemporary theory. Future 
research in this field should be encouraged. 
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Abstract. We used radio-tagging (conventional and satellite-based) and photo-identification to 
study aspects of Florida manatee (Trichechus manatus latirostris) reproduction and mortality along 
the Atlantic Coast of Florida. Fifty-five manatees were tagged during 1986-91 from Georgia to the 
Biscayne Bay; most were initially tagged in Brevard County, Florida. Tag loss was common and 
affected the continuity of observations during studies, but our attachment system allowed frequent tag 
replacement. The duration of continuous transmitter deployment ranged from 1 to 578 days; 34 
manatees were monitored during 217 multiple bouts. Termination of deployments was marked by the 
recovery of the tag after separation at designed weak links, tag replacement with a new unit by 
snorkelers, loss of the tethered transmitter, loss of signal, or death of the tagged manatee. Observations 
of tagged females revealed one gestation period, five births, periods of dependence by young, weaning 
episodes, intervals between births, and sizes of reproductive females. Eighteen females produced 22 
calves. Birth dates and locations of five calves were determined. Births occurred between the months 
of May and September in quiet canals or boat basins. Two of the births were preceded by moves by 
the females of more than 100 km. Six tagged manatees died. Two deaths were due to anthropogenic 
causes; the causes of death of the remaining dead manatees were not determined. Reproduction was 
also studied on the basis of photo-identification records of 185 females collected during 1978 through 
winter 1991-92. The pooled proportion of females accompanied by young in each winter was 0.42. 
Calf dependencies on mothers ranged from 1 to 2 years. Eleven intervals between successive births 
were determined from an abbreviated data set. The average duration of the intervals was 2.6 years. 
Data on reproduction are concordant with information from studies of manatees elsewhere in Florida. 

Key words: Florida manatees, mortality, photo-identification, reproduction, satellite telemetry, tag 
loss, telemetry. 

Information on the life history of the Florida manatee along the Atlantic Coast of Florida (Ackerman 1995), but 
{Trichechus manatus latirostris) from field studies in the few data on the life history of free-ranging individuals 
Crystal River on the northwestern coast of peninsular from this region are available. This information would 
Florida (Rathbun et al. 1990, 1995) and from Blue be valuable for evaluating the representativeness of re- 
Spring on the upper St. Johns River (O'Shea and Hartley production parameters derived from observations in the 
1995) has slowly accumulated. About half the manatee Crystal River and at Blue Spring and from carcass ex- 
population in the southeastern United States resides animations (Marmontel 1995) and for determining as- 

pects of manatee population dynamics on the Atlantic 
" Coast. Previous researchers who used scars and other 1 Now with the National Biological Service, same address. ..              ,. .              ..    ..   , .  c 
* Present address: National Biological Service, Midcontinent Ecological markings to obtain more limited information on manatee 

Science Center, 4512 McMurry Avenue, Fort Collins, Colo. 80525. ecology along the Atlantic Coast include Moore (1956), 
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Shane (1983, 1984), and Packard (*J1981). These re- 
searchers focused primarily on short-term aggregations 
of manatees in winter, whereas we made year-round 
observations during several years. 

Two techniques for gathering life-history information 
from other free-ranging marine mammals are radio-tag- 
ging and photo-identification (Hammond et al. 1990; 
Siniff and Rails 1991). Techniques for monitoring mana- 
tees in saltwater habitats by radio-tagging (*Rathbun 
et al. 1987a, 1990; *Reid and O'Shea 1989) are used 
primarily for determining movements and habitat use for 
the development of conservation (*U.S. Fish and Wild- 
life Service 1989; O'Shea and Kochman 1990; Reynolds 
and Haddad 1990). Results from these studies have not 
been evaluated for utility in providing life-history infor- 
mation. This has been partly due to the unique problem 
of tag loss intentionally associated with tag design that 
results in monitoring that is briefer than the duration of 
certain life-history traits of interest in these long-lived 
animals. Photo-identification techniques, in contrast, 
have been successfully used on manatees in Florida for 
many years (Beck and Reid 1995; O'Shea and Hartley 
1995; Rathbun et al. 1995), but previously published 
results about manatees on the Atlantic Coast were only 
about site fidelity and resightings among locations (Reid 
et al. 1991). We therefore used a radio-tagging system to 
provide a general description of movements and a de- 
tailed account of information on tag loss, reproduc- 
tion, and mortality of manatees on the Atlantic 
Coast, and photo-identification records to provide the 
first summary of reproduction of female manatees in this 
region. 

Methods 

Radio-tagging 

The study was initiated in May 1986 and is ongoing. 
This report is a summary of data collected through 31 
December 1991. Techniques of tagging manatees varied. 
Thirty of 55 manatees were captured and temporarily 
restrained with nets, 11 were tagged by snorkelers with- 
out restraint, 13 were captive, rehabilitated animals that 
were released near original points of rescue, and one was 
rescued and released on site on the same day. Tagged 
manatees were assigned a sequential number with a 
prefix to indicate the approximate tagging location. Be- 
cause the study is ongoing, we use the numbers in the 
text to designate observations pertinent to a specific 
individual manatee. Capture nets were from 15 to 150 m 
long and from 3.6 to 6.7 m deep and were fabricated from 

An asterisk denotes unpublished material. 

20-cm stretched mesh of number-54 black nylon twine. 
Most manatees were baited to capture sites with fresh 
water from hoses (Fig. 1) near shore (municipal drinking 
water from hoses is a common attractant of manatees in 
urbanized saltwater habitats in Florida). A net was then 
pulled across the entrance to the capture area and the 
manatees were pursed in the net. Netted individuals were 
hauled to shore where they were manually restrained in 
shallow water or on a gently sloping beach. During the 
period of restraint, which averaged 29.8 minutes 
(SD = 10.5, range = 15-62, n = 30), each manatee was 
measured, photographed, and fitted with a radio-tag as- 
sembly. Some manatees were marked by taking a small 
nick of skin from the tail margin to enhance future 
identification (Rathbun et al. 1995). No harmful effects 
of capture and handling procedures were observed in 
subsequent tracking (O'Shea et al. 1985a). For previous 
studies of radio-tagged manatees in Florida the animals 
were tagged in aggregation sites in winter, primarily in 
January, and were rarely if ever tagged again (Bengtson 
1981; Rathbun et al. 1990; L.W. Lefebvre, National Bio- 
logical Service, Gainesville, Florida, and R. K. Fröhlich, 
Florida Department of Environmental Protection, Talla- 
hassee, Florida, unpublished data). Our work departs 
from previous studies because freshwater bait stations 
and the emphasis on retagging and on transmitter re- 
placement by swimmers allowed year-round capture and 
tagging (Fig. 2). 

Manatees were tagged with a belt and a tethered 
floating transmitter assembly (Fig. 3). More detailed de- 
scriptions and procedures of tag construction are pro- 
vided by Rathbun et al. (*1987a, *1987b, 1990); descrip- 
tions of additional refinements were provided by Reid 
and O'Shea (*1989). The current tag hardware includes 
threaded chain connectors at the proximal and distal ends 
of the tether. Connectors allow replacement of tags by a 
swimmer who quietly approaches the animals and uses 
small wrenches to change transmitters in floating hous- 
ings at the surface or by a shallow free-diving person 
who replaces the tether and tag assemblies at the belt. 
Some manatees are extremely tolerant of swimmers, and 
entire belts can sometimes be fitted without restraint; 
others are extremely wary, and tag changes can be made 
only with great stealth at the distal end of the tether 
assembly. 

The tethered floating transmitter assembly is attached 
to a belt fitted around the peduncle at the base of the 
manatee's tail. Belts were constructed in advance of 
tagging to fit an array of potential peduncle girths and 
were color-coded and engraved with identification num- 
bers. A bear-claw buckle on each belt permitted the tag 
to be quickly fastened to a manatee. Corrodible nuts and 
bolts in the belt's construction allowed the complete 
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Fig. 1. A radio-tagged adult female Florida manatee (Jrichechus manatus latirostris) drinking fresh water from a hose at a capture 
site on Banana Creek, Merritt Island National Wildlife Refuge, Florida. The floating transmitter housing contains a 
satellite-monitored PTT. Photo by J. Reid. 

assembly to eventually drop off. Belts were designed to 
remain on the manatees for 2-3 years, but we found a 
wide variation that was probably caused by differences 
in materials, individual behavior, and salinity and tem- 
perature of the water. 

Small (9.0 cm long and 1.7 cm in diameter) ultrasonic 
transmitters or pingers were incorporated into some 
belts. This allowed us to use a sonic receiver and direc- 
tional hydrophone to relocate belted animals that had lost 
floating radio tags. This was particularly useful during 
attempts to reattach radio tags. Ultrasonic transmitters 
emit signals at 75 kHz, above the range of manatee 
hearing (Bullock et al. 1982), and were also incorporated 
into some transmitter housings to assist with the recovery 
of malfunctioning or detached and submerged transmit- 
ters. 

Belts and buoyant transmitters were joined by stiff 
nylon tethers (10-mm diameter rods). Tether lengths 
ranged from 130 to 200 cm depending on the size of the 

animal and characteristics of the tracking environment. 
Each tether had a machined groove near the proximal 
connecting link that reduced the rod diameter, providing 
a weak link for tag detachment. Groove depths were 
varied such that smaller animals were fitted with tethers 
of lesser breaking-strength thresholds than larger ani- 
mals. 

Two types of radio-transmitters were used: very high 
frequency (VHF) radio-transmitters and platform trans- 
mitter terminals (PTTs). VHF transmitters in this study 
operated at specific frequencies in the 164-MHz band. 
We used directional antennas and portable receivers 
tuned to the VHF signal to radio-track and locate mana- 
tees in the field. Locations were determined visually or 
by triangulation. PTTs emit binary-encoded data via an 
ultra-high frequency (UHF) signal (401.650 MHz) that 
is received by equipment on orbiting satellites. These 
satellites are part of the U.S. National Oceanic and At- 
mospheric Administration's Polar Orbiting Environ- 
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Fig. 2. Frequency distribution of initial radio-tagging and 
retagging by month, 1986-1991. All Atlantic Coast tagging 
sites were combined. (A) Number of Florida manatees 
(Trichechus manatus latirostris) that had radio-tags (belt and 
transmitter) applied for the first time. (B) Number of episodes 
in which previously tagged individuals missing transmitters 
were relocated and retagged with a new transmitter or belt. 
Some individuals were retagged more than once. Transmitter 
replacements are not included with the number of retaggings. 

mental Satellite Program. Receiving equipment on board 
is operated in a bilateral agreement with France's Centre 
National d'Etudes Spatiales, and data processing is pro- 
vided by Service Argos, Inc. As the satellites pass over, 
on-board receiving equipment uses Doppler shifts in 
frequency to compute locations and to transmit location 
and sensor data to receiving stations on earth. Data are 
rebroadcast through telecommunications satellites to 
processing centers. From that point, the information can 
be downloaded via telephone links to personal comput- 
ers within a few hours or less of the last satellite pass 
over the manatee. Data from Service Argos are also 
received monthly on computer diskette. Data received 
through the satellite link include PTT identification 
number, location date and time, latitude and longitude, 
and an accuracy code (best accuracy is one standard 
deviation within 150 m). Also transmitted are sensor 
data including transmitter temperature and activity 
(amount of tipping) and, on newer units, a low-voltage 
indicator. We usually received two to six locations daily 
by satellite, providing frequent location updates and 
minimizing the need for extensive searches in the field. 
The development and use of PTTs for tracking manatees 
are described in more detail by Mate et al. (*1986, 
*1987), Reid and O'Shea (*1989), and Rathbun et al. 
(1990). Detailed technical descriptions of satellite te- 
lemetry systems are provided by Fancy et al. (1988) and 
Harris et al. (1990). 

We used two types of transmitter and housing con- 
figurations to track manatees. Both styles were buoyant 
and attached to the distal end of the tether. The smaller 
of the two included a single VHF transmitter installed in 
33-cm-long, 6-cm-diameter housings. The tag design 
used most often incorporated a PTT that transmitted to 
satellites, a back-up VHF transmitter that allowed sup- 
plemental localization and observation in the field, and 
an ultrasonic transmitter that allowed localization of the 
animal underwater or of the PTT units after detachment 
and submergence. PTT housings were 39 x 9-cm-diame- 
ter cylinders. Both types floated vertically at the surface 
and had quarter-wave whip antennas mounted on top 
(antennas on PTTs were tuned for the UHF signal but 
were also used for transmitting VHF signals). VHF trans- 
mitters in housings were 860 g in weight, whereas com- 
bined PTT-VHF tags weighed approximately 2,410 g. 
Battery life was approximately 2 years for VHF trans- 
mitters and approximately 8.5 months for PTTs 
(6.5 months on new units placed into service after spring 
1991). Transmitter housings were color coded 
and marked with large identifying letters and engrav- 
ings. 

The number of tagged manatees was summarized by 
year to indicate the availability for discovery through 
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Fig. 3. Radio-tag assembly used on Florida manatees (Trichechus manatus latirostris; after *Rathbun et al. 1990). The transmitter 
housing and belt are attached to a stiff nylon tether by threaded chain connectors. The transmitter housing contains a 
satellite-monitored PTT, a VHF radio-transmitter, and an ultrasonic transmitter. 

the carcass retrieval program (Ackerman et al. 1995) or 
resightings. For each year, we totaled the number of 
manatees tracked with floating transmitters and the 
known number of manatees wearing only belts (based on 
sightings in that year or in subsequent years) and calcu- 
lated the proportion of this total that consisted of car- 
casses recovered during that year. However, the basis 
for calculating these proportions is uncertain be- 
cause of possible undiscovered deaths and because some 
surviving animals probably had belts but were not re- 
sighted. 

Photo-identification 

The photo-identification system in this study was 
described by Reid et al. (1991) and Beck and Reid 
(1995). Slide photography was used to record the identi- 
ties of females. Particular attention was given to docu- 
menting the presence or absence of calves with those 

females. We determined the following aspects of repro- 
duction by compilation of sighting records of females: 
proportion of females identified with calves each winter, 
intervals between births, and numbers of winters of de- 
pendency by calves on their mothers. No information 
was available on age at first reproduction from photo- 
identification or telemetry studies of manatees on the 
Atlantic Coast. Terminology and criteria used by Rath- 
bun et al. (1995) were followed as closely as feasible for 
defining reproduction traits. Seasons were defined as 
three-month periods beginning with January, February, 
and March (the winter season). Most photo-identifica- 
tion records (88%) were obtained in the fall and winter 
seasons (fall = 17%; winter = 71%; spring = 7%; sum- 
mer = 5%) when manatees tend to aggregate at industrial 
warm-water discharge sites. Records outside of the fall 
and winter periods were excluded from analysis to allow 
comparisons with similar data from other study areas 
(O'Shea and Hartley 1995; Rathbun et al. 1995). How- 
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ever, all sightings were used to define intervals between 
births, based on consecutive seasons between the last 
sighting of a previous calf and the first sighting of a new 
calf. 

Analyses of reproduction histories are based on sight- 
ing data through the fall 1991-winter 1992 seasons, as 
compiled in March 1993. A few photographic records 
date from 1978 (Shane 1983), but most observations 
were made in 1982 or later. A total of 447 manatees from 
the Atlantic Coast (excluding Blue Spring) have been 
included in the manatee identification catalog during this 
period: 61 males, 185 females, and 201 of undetermined 
sex. Most photo-identification records on the Atlantic 
Coast are taken from the surface where external genitalia 
are seldom visible, and therefore gender for females is 
easier to determine based on the presence of calves (Beck 
andReid 1995). 

Because many females were sighted in only some 
years and often were missed during one or more years 
between sightings, an abbreviated subset of all sighting 
records was created to calculate some reproduction pa- 
rameters. This subset includes records of 59 sexually 
mature females that were sighted for at least three con- 
secutive fall-winter seasons. As with Rathbun et al. 
(1995), sexually mature females were defined as females 
that were seen as independent from mothers for at least 
3 years or were sighted with their own young. However, 
this censored data set differs in definition from that of 
Rathbun et al. (1995), who used a criterion of at least 8 
consecutive years of sightings. From the censored data 
set we calculated the duration of dependency by calves 
as the presence of the calf within 1 year or during 2 years, 
bracketed by sightings of the female without the calf. A 
1-year dependency required that a female was seen in 3 
consecutive years with a calf noted in the middle year. 
A 2-year dependency required a similar arrangement 
during 4 consecutive years. 

We present most results as tabulations of original data 
or as summary statistics (arithmetic mean + standard 
deviation, range). The percentages of females with 
calves in sighting records between the Crystal River and 
the Atlantic Coast study groups were compared with a 
paired (by year) t test on arcsine-transformed propor- 
tions. The arcsine transformation was used to correct the 
non-normal distributions and unequal variances often 
associated with proportions and percentages. These per- 
centages were based on our tabulations and those of 
Rathbun et al. (1995), beginning 1981-82 and ending 
1990-91. Data from prior years were excluded because 
of smaller sample sizes on the Atlantic Coast. For these 
analyses, observations of females with calves included 
nursing females with first- and second-year calves. 
The proportion of females with calves in the photo-iden- 

tification sample was compared with that of the radio- 
tagged sample with a chi-square test of inde- 
pendence in a 2 by 2 contingency table. For all statistical 
tests, P < 0.05 was considered significant. 

Results 

Monitoring with Radio-tracking 

Numbers of Tagged Manatees and Ranges of 
Movement 

Fifty-five manatees (37 females and 18 males) were 
radio-tagged since 1986 (Table 1). Initial tagging loca- 
tions ranged from Kings Bay, Georgia, in the north to 
Biscayne Bay in southern Florida (Fig. 4). Most (34) 
were tagged in Brevard County, 18 in the Banana River, 
and 16 in the Indian River or in the adjacent Banana 
Creek (Fig. 5). Tagging locations of 11 manatees were 
north and 10 were south of Brevard County. Twenty-one 
manatees were tracked solely with VHF transmitters, 
and 34 were tracked with only PTTs or combinations of 
PTTs and VHF transmitters. 

Many tagged manatees ranged long distances from 
initial tagging locations. Seasonal migrations from 
northern summer-use areas to southern warm-water sites 
resulted in a large study area; some individuals moved 
between Georgia and the Biscayne Bay in southeastern 
Florida (Fig. 6). In addition to seasonal migrations, some 
manatees traveled between distant sites during one sea- 
son. One female (TNC-01), for example, traveled repeat- 
edly between Brevard County and Georgia, including 
three trips in a single year, and made annual moves south 
to aggregation sites in winter in southeastern Florida 
(Fig. 6). Others did not range far from the general area 
of initial tagging. Five of the 10 manatees tagged in 
southern Florida (south of Brevard County) did not travel 
outside of southern Florida. Some individuals made only 
local movements, traveling less than 30 km between 
summer- and winter-use areas (Fig. 7). 

Tag Loss 

Although we tracked some manatees with only one 
deployment of a transmitter, replacing transmitters was 
common for various reasons, including low battery life 
or electronics malfunctions. Manatees that broke free of 
the transmitter at the tether weak-link were often re- 
tagged again at a later date. As a result, 34 individuals 
were monitored over multiple transmitter deployments. 
Each transmitter deployment is called a tagging bout 
(Table 1). An extreme case was an adult female manatee 
(TBC-03), tracked for 26 bouts during nearly 5 years. A 
total of 239 tagging bouts with a mean of 4.35 bouts/in- 
dividual (±5.34, range = 1-26) was recorded. These 



JAMES P. REID ET AL.    177 

Table 1. Identification number, name, sex, and size at capture of radio-tagged Florida manatees (Trichechus manatus 
latirostris) tracked on the Atlantic Coast through 31 December 1991. Number of tagging bouts included sequential bouts 
without intervals between bouts. The sum of the total number of days of tracking and total number of days between bouts 
equals the total number of days a manatee is tagged (> symbol indicates tracked past 31 December 1991). 

Total length Number of Days Days between Total 
ID number Name Sex at capture bouts tracked bouts days tagged 

TBC-01 Dixie F 310 4 330 450 780 
TBC-02 Trixie F 270 1 41 41 
TBC-03 Moon F 277 26 >1,219 599 >1,818 
TBC-04 Eclipse F 260 3 248 8 256 
TBC-05 Gyro F 267 3 319 231 550 
TBC-06 Moe M 260 6 852 477 1,329 
TBC-07 Bill M 270 1 65 65 
TBC-08 Angela F 325 1 53 53 
TBC-09 C-Cow F 305 23 >1,148 511 > 1,659 
TBC-10 Fran F 310 1 66 66 
TBC-11 Gloria F 300 1 58 58 
TBC-12 Heike F 295 2 59 0 59 
TBC-13 Irene F 260 3 234 0 234 
TBC-14 Jerome M 275 1 132 132 
TBC-15 Karen F 280 6 281 658 939 
TBC-16 Larry M 285 1 4 4 
TBC-17 Madonna F 350 1 37 37 
TBC-18 Leroy M 280 3 96 310 406 
TBC-19 Sharon F 315 1 10 10 
TBC-20 Ruth F 270 15 671 242 913 
TBC-21 Willie M 280 4 161 522 683 
TBC-22 Magoo M 248 2 316 0 316 
TBC-23 Hillary F 273 12 >589 713 >1,302 
TBC-24 Betty F 285 17 >832 168 >1,000 
TBC-25 D-Cow M 225 5 563 26 589 
TBC-26 Pee Wee F 270 6 >675 100 >775 
TBC-27 Mel M 240 3 530 3 533 
TBC-28 Liberty F 222 1 157 157 
TBC-29 Casey M 210 10 >431 57 >488 
TBC-30 Maria F 280 1 119 119 
TBC-31 Freddie F 300 4 >376 50 >426 
TBC-32 Tomasina F -335 3 >58 165 >223 
TBC-33 Ernie M 280 1 72 72 
TBC-34 Miley M 219 1 >169 >169 
TNC-01 Diane F 330 8 754 871 1,625 
TNC-02 Jesse M 305 1 52 52 
TNC-03 Tammy F 315 1 77 77 
TNC-04 Pat F 310 1 56 56 
TNC-05 Roseanne F 340 1 133 133 
TNC-06 Nancy F 250 3 188 680 868 
TNC-07 Whitie M 250 1 138 138 
TNC-08 George M 275 1 61 61 
TGA-01 Mary F 330 3 285 0 285 
TJX-01 Connie F 270 3 205 26 231 
TJX-02 Patience F 284 2 243 0 243 
TPE-01 Spot F 315 11 >459 605 > 1,064 
TPE-02 Fireball F -325 5 165 47 212 
TPE-03 Sickle F 335 7 >265 477 >742 
TPE-04 Susan F 304 5 442 71 513 
TFP-01 Hutch M 305 1 11 11 
TFP-02 Ross M 288 5 >419 0 >419 
TFP-03 Natalie F 310 2 106 20 126 
TFP-04 Sophia F -330 1 52 52 
TFP-05 Lani F -335 2 >141 2 >143 
TMI-01 Bob M 303 2 92 0 92 

Total 239 15,315 8,089 23,404 
Mean 4.35 278.5 237.9 425.5 

SD 5.34 283.9 272.0 465.5 
Range 1-26 4->l,219 0-871 4-1,818 
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Northern FLVSouthern GA Sites 

Kings Bay (1) 

Fernandina Beach (8) 

Orange Park(1) 

Guana Lake (1) 

Central Florida Sites 

Indian River 

Banana Creek (15) 

Port St. John (1) 

Banana River 

Upper Banana River (11) 

Cape Canaveral Sewage (7) 

Southern Florida Sites 
St. Lucie(1) 

Jensen Beach (2) 

Höbe Sound (1) 

Jupiter Sound (1) 

Port Everglades (4) 

BiscayneBay (1) 

Fig. 4. Sites where Florida manatees 
(Trichechus manatus latirostris) 
were radio-tagged and the number 
of tagged manatees (n = 55) at each 
location in parentheses. Most tag- 
ging sites were in central Florida. 

Brevard County 

Indian River 

Cape Canaveral 
Sewage 

Fig. 5. Place names mentioned in the text 
and important areas used by Florida 
manatees (Trichechus manatus lati- 
rostris) along the Atlantic Coast. 
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Merritt 
Island Fig. 6. Cumulative satellite-determined 

locations (n = 524) of an adult fe- 
male Florida manatee (Jrichechus 
manatus latirostris) between No- 
vember 1987 and July 1988. Loca- 
tions of this female (TNC-01) 
ranged from Port Everglades in 
southern Florida to Kings Bay, 
Georgia. 

Titusville 

Fig. 7. Total number of plotted locations 
(« = 417) of a female Florida manatee 
(Jrichechus manatus latirostris) in 
Brevard County, Florida, between 
January and August 1987. This indi- 
vidual (TBC-05) used the Indian 
River power plants during cold 
weather and the upper Banana Creek 
and Titusville areas during warm 
weather. 
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counts included consecutive bouts when transmitters on 
manatees were replaced without loss of contact. Because 
many manatees were tracked continuously during con- 
secutive bouts, many tracking periods were longer than 
the tagging bouts. 

Tagging-bout lengths ranged from less than 24 hours 
to 578 days and had high coefficients of variation. The 
mean| bout length was 64 ± 69.1 days. The mean bout 
lengths of the VHF transmitters (65 ± 77.3 days) and 
PTTs (63 ± 56.1 days) were nearly equal. The maximum 
length of 139 deployments of VHF transmitters was 578 
days (19.2 months), and the longest of 100 PTT deploy- 
ments was 250 days (8.3 months), which was near the 
maximum battery life of PTTs. 

The termination of tagging bouts was marked by the 
recovery or loss of the tether and transmitter, recovery 
or loss of the entire tag assembly, replacement with a new 
transmitter or belt and transmitter, loss of signal, or death 
of the tagged manatee (Table 2). Transmitter recovery 
caused by designed failure of the tether weak-link was 
the predominant reason of termination of tagging bouts 
(Table 2). Weak-link breaks were caused by transmitter- 
tether entanglement on dock pilings, out-drives of 
moored boats, or woody vegetation near shore. Weak- 
link breaks also occurred on four occasions when well- 

intentioned or curious people pulled the transmitter and 
tether free from the manatee. Once an alligator (Alligator 
mississippiensis) seized and pulled a transmitter off a 
manatee in Banana Creek and carried the housing over 
an earthen dike. Alligator teeth marks were found also 
on other transmitter housings, especially on those of 
tagged manatees that frequented the upper Banana River 
or Banana Creek in Brevard County. Predation on float- 
ing transmitters by alligators may have accounted for the 
loss of signals from several individuals in these areas. 
Tag detachment was caused primarily by circumstances 
beyond our control rather than failure of the tag design. 
Three of the tagging bouts were terminated by the deaths 
of the tagged manatees. These tag attachments did not 
contribute to the manatee's deaths. 

We replaced transmitters 113 times. The maximum 
number of replacements on a single individual was 13. 
Damaged or malfunctioning transmitters were replaced 
to continue tracking. Replacements included substitu- 
tion of new or refurbished VHF transmitters or PTTs of 
units that approached the end of battery life, had mal- 
functioned, or were floating low in the water because of 
heavy barnacle encrustation. 

Intervals (Table 2) associated with belt loss or re- 
placement reflected the cause of termination of an indi- 

Table 2. Causes for termination of tracking bouts in telemetry studies of manatees {Trichechus manatus latirostris) on 
the Atlantic Coast of Florida, 1986-1991. Frequency of occurrence and mean and maximum tagging bout durations 
in days are given for each termination cause. Both PTT and VHF transmitters are included. 

Cause of termination 
Duration of bouts 

n Mean Maximum 

3 72 90 
71 50 193 
56 49 193 
4 33 77 
1 65 65 
1 155 155 
3 88 183 
3 6 10 
3 48 66 
7 91 183 

113 74 578 
11 146 250 
18 110 363 
9 60 106 

11 59 158 
20 19 98 
44 72 578 
8 48 121 

16 52 148 
15 48 148 

1 110 110 
8 59 119 

Recovered dead manatees wearing transmitter 
Recovered transmitter 
Weak-link broken, undetermined cause 
Weak-link broken by human 
Weak-link broken by alligator 
Other breakage at transmitter housing or tether; eye bolt, tether 
Other breakage at belt; swivel failed 
Connector unscrewed/detached by human 
Boat strike to transmitter housing 
Recovered tag (belt broken) 
Replaced transmitter 
Low battery 
Malfunctioning housing; missing antenna, leaked, barnacles 
Electronics malfunction; battery failure, poor range 
Boat strike 
Replace with improved unit 
Replace with PTT 
Replaced tag (belt worn or swivel failed) 
Lost transmitter 
Missing at weak-link 
Missing at weak-link; assume boat strike 
Missing transmitter; manatee not resighted 
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vidual tagging bout (transmitter deployment) but usually 
did not reflect the overall life of the belt. Tags were 
recovered from seven manatees that broke free of the belt 
assembly after a mean belt life of 237 days (±222, range 
= 4-589) from initial tagging to recovery. We replaced 
eight belts because the belts were worn or the swivel 
failed. These were deployed on manatees an average of 
793 ± 380 days (24 months) and a range of 273 to 1,547 
days (9 to 50 months) without obvious detrimental effect 
on the tagged individuals. 

The 55 manatees tagged since 1986 carried floating 
transmitters for a total of 15,318 days (42.5 years). This 
includes 9,019 days (24.7 years) with VHF transmitters 
and 6,299 days (17.3 years) with PTTs. Including the 
intervals between tagging bouts, which total 8,100 days 
(22.2 years), our efforts spanned 64.2 manatee-years. 
One individual was tracked for 1,219 days (3.37 years) 
of the 1,818 day (5-year) period since she was initially 
tagged. At the other extreme, one female was tagged 
once for 4 days before the tag assembly broke free at the 
belt. 

Reproduction 

Sizes of reproductive females. Twenty-eight of the 37 
tagged female manatees were larger than 275 cm total 
length (TL) at the time of first tagging and were assumed 
to be sexually mature based on size (Marmontel 1995; 
O' Shea et al. 1985b). All females that had accompanying 
calves when tagged were longer than 275 cm except one. 
One female was 267 cm and was accompanied by a calf 
at tagging. 

Several individuals that were shorter than 275 cm and 
believed to be immature when initially tagged were later 
pregnant or gave birth. One female was 270 cm TL at 
tagging and reproduced 2 years later. Another female 
was 273 cm TL and was monitored for 3.5 years but was 
not sighted with a calf. During November 1989, her 
abdomen was very distended, and we believed that she 
was in late pregnancy. After transmitter loss in Decem- 
ber, she was not observed until 11 months later, when 
she was tagged again at which time she had no calf. If a 
birth occurred, the calf probably did not survive. She 
is not known to have reproduced through December 
1991. 

A 270-cm TL female (TBC-20) was tagged in April 
1988 and pregnant in July 1990 and gave birth in August 
1990 (Fig. 8). Based on photographs and field observa- 
tions of her as a juvenile in May 1987, we believe this 
was her first calf. The carcass of this female was found 
in October 1990; the cause of death was not known. The 
fate of her accompanying calf was undetermined. The 
carcass of the female measured 308 cm TL, indicating 
growth in length since originally tagged. However, the 

difference in lengths could also be influenced by differ- 
ences in measuring technique or postmortem change. 
This female was classified as between 7 and 8 years old 
at death based on postmortem counts of growth-layer 
groups in the periotic bone (Marmontel 1993). 

Of all females that were longer than 275 cm TL at 
tagging, one (TNC-01) monitored for more than 17 
months failed to reproduce. She was tagged in March 
1987 at 330 cm TL and tracked continuously until Au- 
gust 1988. She was not accompanied by a calf during this 
period. She was retagged in December 1989 while a 
small calf accompanied her. Based on size, we assumed 
the calf was 6 months old at retagging. If birth occurred 
in June 1989, a period of 2.25 years or greater without 
reproduction was indicated. If gestation lasts about 12 
months, the interval between births by this female was 
longer than 1 year, or she failed to reproduce. 

Number of produced calves. Eighteen females pro- 
duced a total of 22 calves. Each of two tagged manatees 
produced two calves, and one female had three calves. 
Twinning was not recorded. The sex of 16 young was 
determined. Ten were males and six were females. The 
number of tagged adult females observed with calves 
during the fall-winter seasons each year suggested that a 
pooled proportion of 0.348 (8/23) adult females nursed 
calves at this time of year (Table 3). 

Gestation and Parturition.The estimated gestation 
duration was from a single female (TBC-09). From May 
to late July 1989, she was frequently observed with her 
calf feeding on the grassbeds and resting in the canals of 
the middle Banana River, her normal use area in summer. 
We believe she was pursued by a herd of males starting 
on or about 28 July 1989, when she traveled 13 km north 
to areas that she rarely visited. Based on Argos location 
and transmitter tip data, she exhibited high activity in the 
upper Banana River for 3 days before her radio-transmit- 
ter became detached. Although no observations were 
made during this period, movements outside of normal 
use areas can occur during mating (Bengtson 1981; Rath- 
bun et al. 1990). She was observed 12 months later with 
a distended abdomen indicative of pregnancy. Her next 
calf was born between 15 and 18 September 1990. A 
maximum gestation period of 417 days (13.9 months) 
can be calculated from the initial pursuit of her by the 
males (28 July 1989) and latest possible birth date (17 
September 1990). An alternative estimate of the gesta- 
tion period could reduce this figure by 3 weeks (based 
on the duration of typical herds of consorting males) to 
396 days (13.2 months), although the pursuit of her by 
the males could have persisted longer than 3 weeks or 
she could also have been pursued by another herd of 
males at a later time (as noted in other cases by Bengtson 
[1981]). 
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Fig. 8. Tagged female Florida manatee (Trichechus manatus latirostris) with newborn calf in Brevard County, Florida. The carcass 
of this adult female (TBC-20) was found in October 1990. She was between 7 and 8 years old when she died. The cause of death 
was not known. The calf probably did not survive on its own. Photo by R. Bonde. 

Table 3. Number of tagged adult female Florida manatees {Trichechus manatus latirostris) with first-year and second- 
year calves in the fall-winter season each year, Atlantic Coast of Florida, 1986-1987 through 1991-1992. 

Females Females with Females with Total number 
Total number without first-year second-year of females 

Year of females calves calf calf with calves 

1986-87 2 1 0 1 1 
1987-88 3 3 0 0 0 
1988-89 4 2 1 1 2 
1989-90 4 3 0 1 1 
1990-91 4 2 2 0 2 
1991-92 6 4 2 0 2 

Totals 23 15 5 3 8 
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Table 4. Details on births of calves to tagged manatees (Trichechus manatus latirostris) along the Atlantic Coast of 
Florida, 1986-1991. 

Female-calf ID 

TBC-09/C 
TBC-09/C2 

TBC-03/C2 

TBC-24/C1 

TBC-20/C 

Birth date 

12Augl987 
15-18 Sep 1990 
30Junl988 
May/Jun 1990 

6 Aug 1990 

Birth location 

Canal, Banana River, Brevard County 
Canal, Vero Beach 
Boat basin, Daytona Beach 
Canal or adjacent Banana River, 

Brevard County 
Canal, Sykes Creek, Brevard County 

Distance moved 
to birth location 

<5km 
98 km 

110km 
<2km 

<7km 

Birth dates and approximate locations of births of five 
calves of four tagged females were determined (Table 4). 
All calves were born between May and September. Four 
were born in quiet canals or boat basins. The birth place 
of the fifth calf was not pinpointed but was either in a 
quiet residential canal system or in the nearby seagrass 
beds of the Banana River. Pregnant females moved rela- 
tively short distances (<10 km) to birth locations prior to 
three of these births (Table 4). Birth sites of these three 
were in or close to the mother's normal use area. Two 
notable exceptions to this pattern occurred. One female 
(TBC-03), radio-tracked for most of the previous 1.5 
years, had primarily ranged in the canals and grass beds 
of the Banana River near Cocoa Beach in Brevard 
County. In June 1988 she traveled into the Indian River 
and north farther than 140 km to Flagler Beach, our first 
documentation of any movements by this individual 
north of Brevard County. On 29 June, she was located in 
the Daytona Beach Municipal Marina's newly con- 
structed boat basin, 110 km north of Cocoa Beach. On 
30 June, she gave birth to a female calf. She remained 
with the calf in the basin for the next 7 days before 
traveling 24 km north to the Tomoka River. After at least 
8 days there, she swam south with her offspring, arriving 
in Brevard County on 19 July where she returned to her 
normal use areas in the Banana River. 

A second female (TBC-09) who also made a long-dis- 
tance move to a birth location traveled less than 5 km for 
the first of her two recorded parturitions. She traveled 
more than 100 km south of her summer use area for her 
second parturition. She regularly made seasonal migra- 
tions in fall from Brevard County to an aggregation site 
at Port Everglades. In four different years, she did not 
begin this move prior to early November and rarely made 
lengthy stopovers before arriving at Port Everglades. In 
1990, however, she began a similar directed movement 
on 12 September but stopped in a residential canal near 
the Vero Beach power plant on 15 September. She was 
seen with the newborn on 18 September in this canal, 

where we suspected she gave birth between 15 and 18 
September. She remained in this canal or its vicinity until 
28 September when she resumed her migration south. 
Five days later she had traveled past West Palm Beach, 
when her transmitter was hit by a boat. On 5 October, she 
was sighted with her calf at a warm-water refuge in Fort 
Lauderdale. She seemed to have initiated her move south 
early because of her late-term pregnancy. 

Dependence and weaning of calves and intervals be- 
tween births. Periods of dependence of the calves on their 
mothers were difficult to determine because of the inop- 
portune tag loss prior to birth or weaning. For example, 
only 8 of 19 females gave birth or weaned young during 
tracking periods. Despite these limitations, the estimated 
minimum dependence included five that were longer 
than 14 months (Table 5). One of these calves continued 
to accompany the tagged mother (TBC-09) beyond De- 
cember 1991 after a dependence of 15.5 months. Another 
complete period of dependence was approximately 24 
months (734 days ±12 days) of a calf of the same female 
born on or about 12 August 1987 (Fig. 9) and weaned 

Table 5. Period of tracking female manatees {Trichechus 
manatus latirostris) with calves (in months) for which 
dates of births or weaning were known. Cases with 
incomplete information on births or weaning and 
manatees that were observed for 8 months or fewer are 
not included. Time periods are all discontinuous except 
forTBC-09/C1. 

Birth (B) or weaning (W) known      Birth and weaning known 

TBC-03/C'F = 18.5 B 
TNC-01/C'F =15.5W 

TBC-09/C'M =24.0 

TBC-09/CT 
TPE-04/c'M 

:>15.5 
= 14.5 W 

1,2 Sequential calves produced by tagged females. 
>Dependence continued past 31 December 1991. 
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Fig. 9. Female Florida manatee (Trichechus manatus latirostris) with a 3-week-old male calf, Banana River, Brevard County, Florida, 
1 September 1987. The female (TBC-09) weaned this calf in August 1989 after a period of dependency of 24 months. Photo by 
R. Bonde. 

between 3 and 27 August 1989. During this latter period 
we believe the female was pursued by a herd of males. 
The tagged female and the tagged calf broke free of their 
transmitters, presumably as a result of jostling with 
males during mating, and we were unable to confirm the 
precise date of separation. The calf, however, was 
sighted alone on 27 August 1989. 

Aspects of weaning were determined from seven 
calves. Five were weaned during July or August, one in 
March, and one between mid-November and mid-Janu- 
ary. One accompanied his mother when she was first 
pursued by a herd of consorting males; no other cases of 
weaning were known to coincide with mating. One calf 
was weaned during the 200-km migration of her mother 
in late March 1991. We do not know the movements of 
the calf. Another female (TGA-01) was with her calf on 
17 November 1989 at the Indian River power plants in 
Brevard County. She traveled south to the Sebastian 
River during late December. When she was seen near 

Melbourne on 20 January 1990, soon after her departure 
from the Sebastian River, she no longer was accompa- 
nied by her calf. This is the only case of weaning we 
observed during cold winter weather. Her calf was large, 
and we therefore assumed it was weaned at this time. 
However, the calf may have died during the extremely 
cold weather of late December 1989, when many mana- 
tees in this size and age class succumbed to stress from 
cold (Ackerman et al. 1995; Marmontel 1993). 

The most detailed recorded weaning was of a female 
(TPE-04) and her radio-tagged male calf. They were in 
the Banana and Indian rivers for 7.5 months in fall 1990 
and winter and spring 1991. During this time, they were 
always within a few m of one another and were in 
frequent physical contact. On 8 May 1991, the calf was 
seen with other manatees in a boat basin while his mother 
was simultaneously located approximately 1 km outside 
the basin, presumably feeding in seagrass beds. The 
female and the calf were seen together again on the next 
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Table 6. Tagged manatees (Trichechus manatus latirostris) recovered by the manatee carcass salvage program on the 
Atlantic Coast of Florida, 1986-1991. Ancillary information on these individuals is in Table 1. 

Tagging Tagging Date Recovery Carcass Cause of 
ID Sex date location reported location number death 

TBC-081 F 23 Apr 1987 Brevard County 4 Sep 1987 St. Johns River, 
Jacksonville 

KDL-87-44 Undetermined 

TBC-181 M 30 Mar 1988 Brevard County 21 Dec 1989 Indian River, 
Brevard Co.a 

UCF-89-05 Undetermined 

TNC-081 M 16 Mar 1989 Nassau County 2 Feb 1990 Fernandina Beach, 
Nassau Co. 

MJAV-90-17 Undetermined 

TGA-012 F 26M1989 Georgia 7 May 1990 Kings Bay, 
Georgia 

MJAV-90-26 Boat collision 

TBC-202 F 21 Apr 1988 Brevard County 21 Oct 1990 Port Canaveral, 
Brevard Co. 

UCF-90-59 Undetermined 

TBC-332 M 6Junl991 Brevard County 17 Aug 1991 Banana River, 
Brevard Co. 

UCF-91-31 Human related- 
other 

Recovered wearing only the belt. 
Recovered wearing the belt and the tethered transmitter. 

a Carcass identity verified but not recovered. 

day and on several subsequent tracking dates, including 
7 June. By 12 June, they had separated again. Although 
they were occasionally tracked to the same sites, they 
never again displayed close association or contact. On 
20 June, 13 days after the young was last located with 
his mother, he was seen attempting to nurse from a 
different radio-tagged lactating female. His attempts 
were unsuccessful. 

The known birth dates of the two sequential calves of one 
female (TBC-09) also provided the most precise estimate of 
an interval between births during radio-tracking. This inter- 
val was slightly longer than 37 months. A second female 
(TBC-03) provided a less precise estimate for an interval 
between births; 32.0-34.5 months elapsed between two 
births. 

Mortality- 

Six tagged manatees died during the 6-year tagging 
period (Table 6). Two of the deaths were due to anthropo- 
genic causes, and the causes of death of the remaining four 
were not determined. Three of the recovered carcasses were 
wearing the complete belt and transmitter assembly, and 
three wore only peduncle belts. None of the previously 
tagged manatees that had broken free of belts (or had belts 
removed) was verified as dead based on scar pattern identi- 
fication. However, some tagged manatees have only minor 
scarring or are relatively indistinct, making verification of 
carcass identity difficult if recovered without tags or belts. 
The percentage of tracked or belted manatees whose car- 
casses were recovered was 0.0-10.7/year. A crude estimate 

of overall mortality can be expressed as six deaths in ap- 
proximately 126 tagged manatee-years or 4.7% (Table 7). 

We did not observe the death of any of the 22 calves 
associated with tagged females. Many calves remained 
alive for relatively long periods while their mothers were 
tracked (Table 8). The carcasses of two females, who 
were probably nursing calves at the time of death, were 
found. The fates of these calves were not determined. 
However, one of the young was only 76 days old when 
her mother died, and she probably did not survive on her 
own. A female who was accompanied by a large calf was 
tracked for almost 2 months until she broke free of her 
transmitter. Her carcass was recovered more than 
80 days later and the cause of her death was not deter- 
mined. 

Reproduction Histories Based on Photo- 
identification 

We made 641 sightings of females during the fall- 
winter seasons (Table 9). The average number of years 
each female was sighted was 4.1 (range =1-12 years). 
Of all females (n = 185), 155 (84%) produced at least one 
calf, but this proportion may be biased because non-re- 
productive females whose sex was not identified during 
sightings because of the absence of calves were not 
included in the analyses and because the proportion was 
not corrected for the numbers of years. A total of 271 
calves was produced. The sex of 17 calves was deter- 
mined: 11 females and six males. 

Based on photo-identification records of females in 
the censored data set, 29 calves were dependent for 1 
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Table 7. Number of tracked and tagged Florida manatees (Trichechus manatus latirostris) by years, Atlantic Coast of 
Florida, 1986-1991. Some individuals were tracked in consecutive years. 

Category 1986 1987 1988 1989 1990 1991 

Number of tracked manatees (with 5 18 20 
belt and transmitter) 

Known number of manatees with 0 1 2 
only belts (no transmitter) 

Total with belt and transmitter 5 19 22 
or belt only 

Number of missing manatees 0 0 2 
(possibly with belt) 

Total (including missing manatees) 5 19 24 
Recovered tagged manatee carcasses 1 

20 24 24 

7 4a 1 

27 28 25 

6 12 17 

33 
1 

40 
3 

42 
1 

1 Includes one manatee that was not tracked during the year and whose carcass with belt was recovered. 

Table 8. Lengths of observations of calves associated with tagged manatee (Trichechus manatus latirostris) females. 
No calves accompanying females died during this study. Short lengths of observation periods indicated termination 
of the study period or loss of ability to track the female. Blanks indicate no data are available. 

Date of last Date of first Total number of 
Date of birth or sighting of sighting of days the calf was 

Calf ID Sex first sighting female with calf female without calf known to be alive 

TBC-01/C1 24 Jan 1987 (S) 29 Jun 1988 524 
TBC-02/C1 M 19 Feb 1988 (S) 19 Feb 1988 1 
TBC-03/C1 F 30 Sep 1986 (S) 5 Jul 1987 18 Aug 1987 279 
TBC-03/C2 F 30 Jun 1988 (B) 15 Jan 1990 30 May 1990 564 
TBC-03/C3 M 25 May 1991 (S) 31 Dec 1991 220a 

TBC-05/C1 M 13 Nov 1986 (S) 14 Jul 1987 15 Jul 1987 245 
TBC-08/C1 23 Apr 1987 (S) 15 Jun 1987 b 53 
TBC-09/C1 M 12 Aug 1987 (B) 1 Aug 1989 27 Aug 1989 720 
TBC-09/C2 F 15 Sep 1990 (B) 31 Dec 1991 472a 

TBC-15/C1 M 13 Sep 1989 (S) 14 Jun 1990 275 
TBC-20/C1 M 6 Aug 1990 (B) 21 Oct 1990° 76 
TBC-24/C1 F 1 Jun 1990 (B) 31 Dec 1991 578a 

TBC-32/C1 30 Dec 1991 (S) 31 Dec 1991 2a 

TGA-01/C1 F 26 Jun 1989 (S) 17 Nov 1989 20 Jan 1990 144 
TNC-01/C1 F 18 Dec 1989 (S) 3 Apr 1991 4 Apr 1991 472 
TNC-03/C1 M 25 Feb 1988 (S) 12 May 1988 77 
TNC-04/C1 F 25 Feb 1988 (S) 21 Apr 1988 56 
TNC-05/C1 M 18 Jan 1989 (S) 31 May 1989 134 
TPE-01/C1 M 27 Jan 1989 (S) 26 Mar 1989 19 Dec 1989 59 
TPE-01/C2 M 24 Oct 1990 (S) 29 Apr 1991 188 
TPE-03/C1 17 Jan 1991 (S) 5 Jun 1991 2 Jul 1991 140 
TPE-04/C1 M 16 Mar 1990 (S) 5 Jun 1991 13 Jun 1991 447 

(S) = First sighted with calf, date of birth unknown. 
(B) = approximate birth date. 
a Calf observed alive with mother at termination of study, 31 Dec 1991. 

Mother reported dead 4 September 1987, fate of large calf unknown. 
c Mother reported dead 21 October 1990, fate of 76-day-old calf unknown. 
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Table 9. Number of identifiable adult female Florida manatees (Trichechus manatus latirostris) observed in the 
fall-winter season of each year and number of accompanying first- or second-year calves, Atlantic Coast of Florida, 
1978-1979 through 1991-1992. Information excludes females tracked by telemetry (Table 3). 

Females Females with Females with Total females Proportion females 
Year Total females without calves first-year calf second-year calf with calves with calves 

1978-79 3 0 3 0 3 1.000 
1979-80 4 2 2 0 2 0.500 
1980-81 8 6 2 0 2 0.250 
1981-82 20 4 16 0 16 0.800 
1982-83 26 14 12 0 12 0.462 
1983-84 17 12 5 0 5 0.294 
1984-85 73 37 36 0 36 0.493 
1985-86 66 35 25 6 31 0.470 
1986-87 61 33 22 6 28 0.459 
1987-88 75 45 28 2 30 0.400 
1988-89 45 30 14 1 15 0.333 
1989-90 66 48 18 0 18 0.273 
1990-91 94 51 42 1 43 0.457 
1991-92 83 53 24 6 30 0.361 

Totals 641 370 249 22 271 0.423 

year and eight calves were dependent for 2 years. Al- 
though records from only 3 consecutive years could 
introduce a bias of 1 -year dependent calves, records were 
kept for 4 or more consecutive years of 21 of the 29 
1-year-dependent calves. However, an additional 17 
calves were dependent for at least two fall-winter sea- 
sons but were excluded from the data summary because 
they were not bracketed by sightings of the mother 
without a calf, suggesting that 2-year dependencies are 
more frequent than the censored data set reveals. 

The censored data set included 10 females with con- 
secutive annual records that included observations of 
successively born calves. This enabled us to determine 
11 intervals between births. The average time between 
the first sighting of a female with a calf and the first 
sighting of the same female with a subsequent calf was 
10.5 seasons (SD = 2.54) or 2.6 years. These intervals 
ranged from 8 to 16 seasons (2-4 years). 

The proportion of adult females with calves each year 
was variable (Table 9); the pooled proportion was 0.423 
during the entire period. The mean proportion of females 
with calves each year during winter 1981-82 through 
1990-91 was not significantly different from similar 
data from manatees in the Crystal River study area 
(P = 0.517) reported by Rathbun et al. (1995; Table 1). 
The pooled proportion of females with calves in the 
photo-identification sample (0.387) during 1986-87 
through 1991-92 (Table 9) was not significantly differ- 
ent from that derived from the smaller sample of radio- 

tagged females with calves (0.348) during the same 
period (Table 3). 

Discussion 

Studies of radio-tagged manatees are used primarily 
for determining migration and movement patterns and 
for identifying locations of high-use areas for habitat 
protection (*U.S. Fish and Wildlife Service 1989; 
O'Shea and Kochman 1990; Reynolds and Haddad 
1990). The secondary use of radio-tagging to study as- 
pects of reproduction and mortality in Florida manatees 
has advantages and disadvantages. The major advantage 
is that it allows direct, repeated observations of individu- 
als on a year-round basis. The major disadvantage is that 
tag loss results in frequent and unpredictable interrup- 
tions in the continuity of these observations. These inter- 
ruptions complicate the estimations of gestation dura- 
tion, early calf mortality, length of calf dependency, 
timing of weaning, and lengths of intervals between 
births because most of these aspects of manatee life 
history are longer than the durations of uninterrupted 
tagging bouts. We do not foresee major advances in 
tagging apparatus that will correct this problem. Many 
causes of tag loss are beyond the control of researchers. 
The designed weak links and corrodible connectors that 
contribute to tag loss are necessary for the safety of the 
tagged manatees. Although no tags were recovered as a 
result of the designed corrosion of connectors at the belt, 
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some of the eight individuals whose signals were lost and 
were not resighted may have lost their tags for this 
reason. 

The inherent drawbacks of studying manatees by ra- 
dio-tagging resulted in only a small number of estimates 
of certain life-history traits. However, despite the small 
number of samples, some estimates based on tracking 
females on the Atlantic Coast are probably some of the 
most accurate reported of wild manatees and comple- 
ment those obtained from long-term observations of 
scarred individuals in aggregations in winter (O'Shea 
and Hartley 1995; Rathbun et al. 1995), examinations of 
carcasses (Marmontel 1995), and records from captive 
husbandry (Odell et al. 1995). 

The most comparable study of reproduction with te- 
lemetry is that of Bengtson (1981), who tracked mana- 
tees in a 2-year study in the freshwater habitats of the 
upper St. Johns River near Blue Spring. Three tagged 
females gave birth during that study in quiet waters away 
from the main channel of the river. The females gave 
birth in April, May, and August. Two females spent a 
relatively large percentage of their time moving prior to 
parturition, presumably attempting to locate suitable 
sites for giving birth (Bengtson 1981). These observa- 
tions are similar to those on the Atlantic Coast where we 
observed five births. Each birth on the Atlantic Coast 
was in a warm month (May to September) and, if known, 
took place in quiet canals, basins, or adjacent waters 
away from the main channels. Two of the five births were 
preceded by major long-distance moves of about 100 km 
by the mothers. Bengtson (1981) did not report long 
distance moves by tagged females outside their normal 
summering areas but found instead that females in the 
upper St. Johns River spent a greater amount of time 
traveling prior to giving birth. The manatees in both 
study areas seemed to favor locations away from distur- 
bance, such as heavy and fast boat traffic, and possibly 
away from male manatees in search of estrous females 
(O' Shea and Hartley 1995). Other aspects of the adaptive 
significance of the long prepartum moves, however, are 
not clear. Other seemingly suitable sites were closer to 
the normal ranges of the females on the Atlantic Coast, 
and the choice of widely separated locations by the same 
female in two consecutive births suggested that individu- 
als do not repeatedly use specific locations. 

No other researchers who used telemetry accurately 
measured the birth-to-weaning intervals or gestation pe- 
riods in manatees. We determined a period of depend- 
ency of 24.0 months by one calf and one probable gesta- 
tion period of 13.2-13.9 months (396-417 days). Births 
of two calves to one female were separated by an interval 
of slightly more than 37 months and to another female 
by 32.0-34.5 months. Weaning of seven calves was also 

recorded. Five of them were weaned in July and August, 
one in late March during northward migration, and pre- 
sumably only one in December or January. These obser- 
vations suggested that most females probably do not 
wean offspring in winter. An absence of weaning in 
winter has also been noted in manatees at Blue Spring 
(O'Shea and Hartley 1995). A greater susceptibility of 
subadult animals to cold-related mortality has been well 
documented (O'Shea et al. 1985b; Marmontel 1993; 
Ackerman et al. 1995) and may provide an explanation 
for the tendency toward weaning in seasons other than 
winter. Only one young was weaned while its mother 
was pursued by a herd of males. Bengtson (1981) noted 
that one of two females pursued by such herds in the 
St. Johns River was accompanied by a nursing calf, and 
Rathbun et al. (1995) reported six cases of large depend- 
ent calves that accompanied females in herds of pursuing 
males. 

Rathbun et al. (1995) noted that lengths of time be- 
tween the pursuits of females by herds of males and the 
first subsequent sightings of those females with young 
calves ranged from less than 9 to more than 15 months. 
Most of these rough estimates for gestation were from 
13 to 15 months. These estimates based on sightings 
without telemetry are wide because dates of births were 
not recorded and females in these herds are not always 
impregnated (Hartman 1979; Bengtson 1981). Seasonal 
timing of births reported in other studies also indicated 
that most females give birth in warm months and few in 
winter (Marmontel 1995; O'Shea and Hartley 1995; 
Rathbun et al. 1995). Our observations of intervals be- 
tween births of 37 and 32.0-34.5 months in two radio- 
tagged females are also within the range estimated with 
data from photo-identification studies on the Atlantic 
Coast. The latter are not significantly different from 
those obtained by long-term, photo-identification stud- 
ies at Blue Spring and on the Crystal River (O'Shea and 
Hartley 1995; Rathbun et al. 1995). The small number of 
telemetry-based estimates of intervals between births in 
manatees on the Atlantic Coast are also comparable to 
indirect estimates based on examination of reproductive 
tracts of carcasses collected statewide (Marmontel 
1995). 

The number of each sex of calves, based on the 
combined samples from studies with telemetry and from 
photo-identification on the Atlantic Coast, was nearly 
even (13:12). Approximately equal sex ratios of calves 
were also reported in statewide samples of salvaged 
carcasses (O'Shea et al. 1985b; Marmontel 1993; Ack- 
erman et al. 1995) and long-term observations at the 
Crystal River (Rathbun et al. 1995) and at Blue Spring 
(O'Shea and Hartley 1995). The proportion of females 
with calves in each winter in photo-identification studies 
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on the Atlantic Coast was also similar to proportions in 
the Crystal River and at Blue Spring. These similarities 
suggested that manatees on the Atlantic Coast are main- 
taining the same levels of reproduction as manatees in 
other regions. 

Tag losses complicated calculations and interpreta- 
tion of observed mortality of manatees on the Atlantic 
Coast. However, two of the six (33%) deaths of tagged 
or belted manatees were due to anthropogenic causes, 
and the carcasses were recovered in northeastern Florida 
or in Georgia. This proportion is similar to the 36.8% of 
non-perinatal deaths attributed to anthropogenic causes 
in northeastern Florida (Ackerman et al. 1995). We also 
report a crude estimate of mortality of six deaths in 
approximately 126 manatee-years (4.7%). However, this 
estimate has no confidence intervals and is probably less 
accurate than estimates made with other methods. 
O'Shea and Langtimm (1995) calculated survival based 
on the adults monitored during our study and rates based 
on resightings of distinctively scarred individuals and 
suggested that calculations of survival based on photo- 
identification records may provide a more accurate esti- 
mate of mortality in this population. Estimated survival 
from radio-tagged manatees otherwise requires tremen- 
dous sampling effort to obtain narrow confidence inter- 
vals. The use of data from radio-tagged manatees for 
calculating these estimates is also difficult because of the 
tag loss and retagging processes that are peculiar to 
studies of manatees with telemetry. (Calculation of sur- 
vival rates from tagging data of most species requires the 
assumption that tags remain on individuals throughout 
study [Heisey and Fuller 1985; Pollock et al. 1989; Siniff 
and Rails 1991.]) However, the use of radio-tracking can 
provide more detailed information that can be of signifi- 
cant value to manatee research and conservation. For 
example, the death from a boat collision during our study 
(Table 6) was associated with a specialized tug boat 
operation at the Kings Bay Naval Submarine Base in 
Georgia. Structural modifications were subsequently 
made to the propeller systems of these vessels to prevent 
the killing of manatees; a manatee-safety program was 
also implemented at the base (*Turner and Buckingham 
1993). 

Our research with telemetry also revealed that the 
survival of young calves may be reasonably high, but we 
are unable to provide firm estimates. Data from other 
studies suggested that survival of manatee calves may be 
as high as 0.60 to 0.82 during the first 18 months (Eber- 
hardt and O'Shea 1995; O'Shea and Hartley 1995). Our 
general observations provided support for this sugges- 
tion, but as pointed out by Eberhardt and O'Shea (1995), 
additional, more detailed observations on calf survival 
on the Atlantic Coast are highly desirable for a better 

understanding of manatee population dynamics in this 
region. 

The Atlantic Coast of Florida provides habitat for 
approximately half of the manatee population in the 
United States (Ackerman 1995). However, more than 
twice the number of anthropogenic deaths of manatees 
occurs in eastern Florida than on the Gulf Coast (O'Shea 
et al. 1985b; Ackerman et al. 1995). Our data suggested 
that reproduction traits of manatees on this coast are 
similar to those of manatees studied elsewhere. Survival 
of adults, however, may be lower on this coast than in 
the Crystal River or at Blue Spring (O'Shea and Lang- 
timm 1995), and population modeling suggested that the 
potential population growth rate is also lower on the 
Atlantic Coast (Eberhardt and O'Shea 1995). The pri- 
mary purpose of radio-tracking manatees has been the 
determination of locations that allow the creation of 
sanctuaries and boat-speed-regulation zones as a means 
to reduce mortality. This information and management 
actions are valuable and should continue. Radio-tagging 
will also continue to provide more detailed information 
about specific aspects of manatee reproduction and mor- 
tality. However, the larger sample sizes and long histo- 
ries from photo-identification-based studies provide a 
solid basis for future long-term monitoring of manatee 
populations in eastern Florida. These studies should be 
maintained and enhanced over the long term, beyond the 
cessation of telemetry research when habitat protection 
goals have been achieved. 
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Reproduction of the West Indian Manatee in Captivity 
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Abstract. Manatees (Trichechus manatus) have been held in captivity in the United States 
intermittently since the first quarter of the twentieth century and continuously since the birth of Snooty 
at the Miami Aquarium in 1984. The Miami Seaquarium has maintained a breeding pair since they 
were captured as juveniles in the late 1950's. Since that time (through February 1991), 28 Florida 
manatees (7". m. latirostris) were conceived and born in captivity. Captive Antillean manatees (T. m. 
manatus) have bred in Europe, China, and Japan. 

The maintenance of breeding manatees in marine zoological parks and aquaria has provided unique 
opportunities to observe and quantify aspects of manatee biology that are difficult or impossible to 
observe in the field. Behavior of estrous females, mating, gestation, parturition, nursing, and calf 
growth and development can be observed in detail. In spite of many births in captivity, circumstances 
until recendy have been less than ideal for data collection. This is because holding facilities are 
primarily designed for the rescue and rehabilitation of sick and injured manatees and not for the study 
of the biology of reproduction. 

We gathered a large database on reproduction of manatees in captivity. Of 28 calves, 3 were stillborn 
and 2 were twins. Thirteen (including the stillbirths and twins) died. Thirteen were still alive in captivity 
in February 1992, and two were released in the wild but are presumed dead. One manatee at the Miami 
Seaquarium has had six calves, the first of which herself produced 3 calves. The youngest known-age 
female to reproduce was a rehabilitated orphan that conceived when she was about 5.5 years old. 
Despite these births, the duration of gestation has not been determined, and the best estimates are still 
in the 12-14 month range. Observations of mating behavior to predict reproductive status (pregnant 
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vs. non-pregnant) strongly suggest that pregnant females mate throughout pregnancy. Therefore, a 
female's reproductive status may not be predictable from field observations of mating. Births in 
captivity occurred from February through November but conspicuously not in December and January; 
only one birth occurred in February. These observations are in agreement with findings by others of 
low spermatogenic activity in manatees during December, January and February. Females that lost 
calves (stillborn or perinatal) cycled again and became pregnant within 2 months (minimum). Intervals 
between births in females who experienced two or more pregnancies ranged from 14 (stillbirth or 
perinatal death) to about 103 months (mature males were assumed to be present at all times). 

Observations of reproduction in captive manatees confirmed and supplemented information from 
observations of wild manatees. However, well planned, detailed studies must be done to determine the 
duration of gestation and estrous cycling and of calf growth and development. These data are necessary 
for proper management of this endangered species. 
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Estimation of Survival of Adult Florida Manatees in the 
Crystal River, at Blue Spring, and on the Atlantic Coast 

by 

Thomas J. O'Shea1 and Catherine A. Langtimm2 
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Gainesville, Florida 32601 

Abstract. We applied Cormack-Jolly-Seber open population models to manatee (Trichechus 
manatus latirostris) photo-identification databases to estimate adult survival probabilities. The 
computer programs JOLLY and RECAPCO were used to estimate survival of 677 individuals in three 
study areas: Crystal River (winters 1977-78 to 1990-91), Blue Spring (winters 1977-78 to 1990-91), 
and the Atlantic Coast (winters 1984-85 to 1990-91). We also estimated annual survival from 
observations of 111 manatees tagged for studies with radiotelemetry. Survival estimated from 
observations with telemetry had broader confidence intervals than survival estimated with the 
Cormack-Jolly-Seber models. Annual probabilities of capture based on photo-identification records 
were generally high. The mean annual adult survival estimated from sighting-resighting records was 
0.959-0.962 in the Crystal River and 0.936-0.948 at Blue Spring and may be high enough to permit 
population growth, given the values of other life-history parameters. On the Atlantic Coast, the 
estimated annual adult survival (range of means = 0.877-0.885) may signify a declining population. 
However, for several reasons, interpretation of data from the latter study group should be tempered 
with caution. Adult survivorship seems to be constant with age in all three study groups. No strong 
differences were apparent between adult survival of males and females in the Crystal River or at Blue 
Spring; the basis of significant differences between sexes on the Atlantic Coast is unclear. Future 
research into estimating survival with photo-identification and the Cormack-Jolly-Seber models 
should be vigorously pursued. Estimates of annual survival can provide an additional indication of 
Florida manatee population status with a stronger statistical basis than aerial counts and carcass totals. 

Key words: Survival, photo-identification, telemetry, capture-recapture, Jolly-Seber, manatee, open 
population models. 

Annual numbers of recovered carcasses of Florida mana- Estimation of adult survival is important because large 
tees (Trichechus manatus latirostris) have increased since mammals like manatees with relatively long life spans and 
record keeping began in 1974 (Ackerman et al. 1995), but low reproductive rates typically require high adult survival 
the causes of this increase are not known. The greater to maintain stable or growing population sizes (Eberhardt 
number of carcasses may be due to rising mortality rates, and Siniff 1977; Eberhardt 1985). Simulations with prelimi- 
increases in the discovery and reporting of carcasses, in- nary population models by Packard (*31985) indicated that 
creases in manatee population size, or to some combination population growth rates in Florida manatees were more 
of these factors. Knowledge of survival would improve the sensitive to changes in adult survival and secondarily to 
understanding of the relative magnitudes of the alternative subadult survival than to any other single factor, including 
causes with different implications for the conservation of ±e proportion of breeding females, age structure, and sur- 
manatees v'va* °^ neonates and young. 
  High adult survival in Florida manatee populations 

1 Present address: National Biological Service, Midcontinent Ecological Sh°Uld' ^^^ te a P™^ °^ec6ye °f nervation. 
Science Center, 4512 McMurry Avenue, Fort Collins, Colo. 80525. 

2 Present address: National Biological Service, Piedras Biancas Research      
Station, P.O. Box 70, San Simeon, Calif. 93452. 3 An asterisk denotes unpublished material. 
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However, survival has not been estimated because in part 
traditional tagging poses daunting problems in terms of 
sampling effort, sample sizes, and waiting times required to 
obtain results with high statistical precision (*Packard and 
Nichols 1983). Precision is important because even small 
differences in adult survival of large mammals can cause 
changes in trends in population growth from increases to 
decreases (Eberhardt 1985). 

The development of a substantial photo-identification 
database of manatees (Reid et al. 1991; Beck and Reid 1995) 
and recent statistical advances in estimation of survival from 
resightings of recognizable animals (Buckland 1990; Pol- 
lock et al. 1990; Lebreton et al. 1992; Nichols 1992) now 
allow these calculations. We investigated the utility of esti- 
mating adult survival with the resighting histories of living 
individuals with distinctive scar patterns and from informa- 
tion on death rates in a population of animals monitored by 
radiotelemetry. We applied these techniques to manatees in 
three study areas in Florida: the Crystal River in the Big 
Bend area of the northern Gulf Coast, Blue Spring on the 
upper St. Johns River, and the entire Atlantic Coast. We 
discuss the merits of each approach, provide a preliminary 
interpretation of the estimated survival, and make recom- 
mendations for future research and conservation. 

Methods and Materials 

Study Groups 

In winter, manatees aggregate in warm water. They are 
more accessible for photo-identification in these aggrega- 
tions, but individuals in groups do not necessarily comprise 
distinct populations. Although high site-fidelity from year 
to year is typical, interchange of individuals among certain 
aggregation sites in Florida is well documented (Reid et al. 
1991). However, the interchange among the three study 
groups from which our data are drawn is limited (Rathbun 
et al. 1990; Reid et al. 1991). The study groups differ in 
several important characteristics related to habitat quality 
and protection, population attributes, and photo-identifica- 
tion efforts (Table 1). The three study sites comprise the 
range of the subspecies except southwestern Florida (from 
Tampa Bay south through the Florida Keys). 

Crystal River Group 

Manatee habitat in the Crystal River region is described 
in Hartman (1979), Powell and Rathbun (1984), and Rath- 
bun et al. (1990). The sampling area includes the Crystal 
and Homosassa rivers (Table 1). Manatees move readily 
between the two during and between winter seasons (ap- 
proximately November to March); the typical warm-sea- 
son range is the Big Bend Coast of northwestern peninsular 
Florida (Rathbun et al. 1990; Table 1). Application of 

photo-identification to manatees in the Crystal River was 
described in these reports and in publications by Reid et al. 
(1991), Beck and Reid (1995), and Rathbun et al. (1995). 
The manatees in the Crystal River are entered into a 
scar-pattern catalog (Manatee Individual Identification 
System; Beck and Reid 1995), which is the database for 
the Cormack-Jolly-Seber models of our analysis. Unlike 
the other two study groups (Table 1), however, Rathbun 
et al. (1995) established a convention of cataloging only 
individuals that were seen in at least two winter seasons. 
Collection of sighting data on the Crystal River was done 
almost exclusively by the Sirenia Project of the U.S. Fish 
and Wildlife Service; personnel were not the same 
throughout the study but overlapped in time (Table 1). 
Person-day effort in collecting sighting data each winter 
ranged from 20 to 63 during 1980-81 to 1990-91 (x = 
32.1 ± 10.9 days; Rathbun et al. 1995) and varied with 
weather patterns and other factors. Updated information 
on population characteristics of manatees in this study area 
were detailed by Rathbun et al. (1990, 1995), Ackerman 
(1995), and Ackerman et al. (1995). There are 251 adult 
manatees in this data set (Table 1; Appendix Table A-l). 

Blue Spring Group 

Descriptions of the manatee refugium at Blue Spring 
were presented by Hartman (1979), Bengtson (1981), and 
Powell and Waldron (*1981). Blue Spring is a clear arte- 
sian spring located 240 km upstream (south) from the 
mouth of the St. Johns River. It is the most confined of the 
sampling areas, measuring approximately 650 m in length, 
20-30 m in width, and about 5 m in greatest depth. The 
annual range of the manatees in this study group primarily 
are the waters of the St. Johns River within about 100 km 
of the spring, although some individuals make excursions 
to the mouth of the river or beyond (Bengtson 1981). The 
summer range overlaps the range of manatees that typi- 
cally do not spend the entire winter at Blue Spring but 
migrate from the river to the lower Atlantic Coast (Reid 
et al. 1991). The aggregation usually lasts from November 
to late March. Manatees use Blue Spring only as a thermal 
refuge and must leave to forage in the St. Johns River. The 
amount of time manatees spend at Blue Spring varies with 
temperature patterns. All overwintering animals are pre- 
sent on the coldest days and may stay at Blue Spring for 
as many as 7 days without leaving to feed during cold 
spells (Bengtson 1981). The clear water and lack of aquatic 
vegetation allows unobstructed views of manatees. The 
public has been prohibited from entering the water in the 
manatee aggregation area of Blue Spring since 1978, but 
many of the surrounding areas where manatees forage in 
winter and the annual range have only recently come under 
protection (Table 1). 
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Unlike other study areas, characteristics of this aggrega- 
tion site allow complete censuses of the manatees. Censuses 
are conducted several times weekly by people in canoes 
directly over the resting manatees (usually within 1 to 5 m) 
during morning hours when the greatest number of the 
animals are typically seen. The number of daily censuses has 
ranged from 59 to 89 each winter during 1981-82 to 1990- 
91. Observations were made during 1977-78 through 1990- 
91; one person was consistently responsible for identifica- 
tions during 1981-82 to 1990-91. Scar patterns were 
committed to memory and verified by voucher photographs 
and field sketches. Photo-identification records are matched 
with photographs from salvaged carcass files. Biologists 
who are familiar with marking patterns of manatees from 
Blue Spring are usually notified when carcasses are col- 
lected in the upper St. Johns River and examine them before 
necropsy. Unlike manatees in the Crystal River study group, 
manatees at Blue Spring are cataloged in the first winter of 
identification. The number of manatees that come to Blue 
Spring has generally increased since the early 1970's 
(O'Shea 1988; Ackerman 1995). The increase has been due 
to internal recruitment and to a lesser extent to immigration 
(U.S. Fish and Wildlife Service and Florida Park Service, 
unpublished data) and not to changes in intensity of effort. 
Seventy-nine manatees are listed in this data set (Table 1; 
Appendix Table A-2). 

Atlantic Coast Group 

The Atlantic Coast study area spans much of the range 
of the subspecies between coastal Georgia and Biscayne 
Bay. The emphasis in the collection of photo-identification 
records on the Atlantic Coast is on manatees in several 
aggregation sites as described by Reid et al. (1991) and Beck 
and Reid (1995). Based on data from studies with telemetry, 
movement patterns of manatees on the Atlantic Coast are 
complex; long-distance travel and lengthy seasonal migra- 
tions are more common to these manatees than to manatees 
from the Crystal River or Blue Spring. Some manatees may 
remain inside a relatively circumscribed area throughout the 
annual cycle, whereas others typically make within-season 
(summer or winter) trips of 200-300 km in a few days, 
maintaining steady paces as high as 50 km/day (*Reid and 
O'Shea 1989). Seasonal movements can be short distance 
moves of 100 km or can be over distances of 600-800 km. 
Some manatees on the Atlantic Coast visited most major 
aggregation sites during one winter migration circuit. 
Whereas aggregations in the Crystal River and at Blue 
Spring can be more easily defined as study groups in cir- 
cumscribed locations, manatee movement patterns on the 
Atlantic Coast precluded the inclusion of aggregations at 
various power-plant sites or other sighting locations as 
separate groups in our analyses. Furthermore, observations 
of aggregations on the Atlantic Coast have been less inten- 

sive than at Blue Spring or Crystal River because the areas 
are large, water clarity is generally poor, seasonal and daily 
periods of manatee attendance are shorter at some locations, 
and access and personnel are more limited. The data set from 
the Atlantic Coast includes the photo-identification records 
from aggregation sites at the Kennedy and Southside gener- 
ating stations of the Jacksonville Electric Authority in Jack- 
sonville, Duval County; at the Container Corporation pulp 
mill, Fernandina Beach, Nassau County, in northeastern 
Florida; and at the Fort Pierce power plant, Indian River 
County. The Florida Power and Light Company Canaveral 
power plant in Brevard County, Riviera power plant in Palm 
Beach County, and Port Everglades and Lauderdale power 
plants in Broward County in southeastern Florida were 
important aggregation sites for obtaining photo-identifica- 
tion records. Several other minor aggregation sites and 
high-use areas also were visited during winter to obtain 
photographic records. Descriptions of habitat use and distri- 
bution of the manatees in this region were presented by 
Beeler and O'Shea (*1988). Estimates of data-collection 
efforts in the Atlantic Coast study areas are not available; 
more people collected data there than in the Crystal River or 
Blue Spring study areas. This data set consists of 347 
manatees (Table 1; Appendix Table A-3). 

Estimation of Survival 

Modified Cormack-Jolly-Seber Estimates 

Assumptions. We estimated survival by two different 
statistical methods that model the capture-recapture (re- 
sighting) histories of live, marked manatees. Both methods 
are based on the Cormack-Jolly-Seber model for open popu- 
lations (Cormack 1964; Jolly 1965; Seber 1965; Lebreton 
et al. 1992). Several assumptions are required to apply open- 
population models to manatee resighting data. The first is 
that every individual in the population has the same prob- 
ability (pi) of being identified in the jth time period (i.e., 
capture probabilities are not heterogeneous). Because we 
were interested in estimating survival, not population size, 
unmarked animals were irrelevant to the analysis, and this 
assumption applied only to the marked portion of the popu- 
lation (Cormack 1964; Lebreton et al. 1992). This assump- 
tion is frequently violated in field capture—recapture studies, 
and probably was violated by the manatee data sets. For 
example, some individuals may be more prone to disperse 
from the study areas (although rates are probably not high 
for the regions as defined), and some individuals may tend 
to be more accessible for photography. Effects of departures 
from this assumption, however, are not severe: survival 
estimators of the model have been robust when capture 
probabilities are heterogeneous, particularly when capture 
probabilities are high (Carothers 1973,1979; Pollock et al. 
1990). Capture probabilities are high in our study groups 
(usually greater than 0.50; Table 2) because sampling is 
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intensive during aggregations of manatees in warm-water 
sites, when probably most animals are present on the coldest 
days. 

A second assumption is that every manatee has the same 
probability (())/•) of surviving from sample / to sample / + 1. 
To improve the probability of meeting this assumption, we 
analyzed homogeneous subsets of individuals subject to 
similar mortality factors by restricting our analyses to only 
adults in the three geographic regions. In addition, we tested 
for evidence of differential survival by age and sex. The 
results generally supported the assumption of equal prob- 
ability of survival with age and sex. 

Also important for meeting the assumption of equal 
probability of survival is a restriction of the sampling inter- 
val (Lebreton et al. 1992). If sampling periods are long, the 
interval between samples over which survival is estimated 
differ among individuals, depending on when they were 
observed. Individuals that are identified at the end of the 
sampling period have a greater probability of surviving to 
the next sample than those identified at the beginning. 
However, instantaneous sampling of the marked population 
is not possible with manatees, and longer periods are needed 
for adequate photographic documentation. Longer sampling 
periods also increase the probability of observing a larger 
number of previously identified individuals. Thus, increas- 
ing the length of the sampling period improves the prob- 
ability of meeting the assumption of equal probability of 
capture but at the same time compromises the assumption 
of equal probability of survival. Although photo-identifica- 
tion records are gathered during all times of the year (Beck 

and Reid 1995), for our analyses we chose to limit the 
sampling period each year to the period 1 November-31 
March when sampling effort is most intense. Thus, the 
sample period was 5 months, and the interval between 
samples was 7 months. Multiple sightings of individuals 
were usually made during the sampling period, but the data 
were collapsed to represent simply the presence (1) or 
absence (0) of the individual during that sample year. This 
is the design recommended by Pollock (1982) for long-term 
studies and is robust to heterogeneity in capture prob- 
abilities. 

A third assumption is that the manatees are correctly 
identified. Cataloging criteria for the Manatee Individual 
Identification System are generally conservative (Beck and 
Reid 1995) and the amount of information in scar patterns 
is large, which minimizes the probability of misidentifica- 
tions. However, these probabilities have not been quantita- 
tively estimated (Beck and Reid 1995) and may vary among 
study areas (Table 1). 

A final assumption is that identifying one manatee in a 
sample does not affect the probability of identifying any 
other individual. Because manatees do not maintain stable 
social groups as adults (Hartman 1979; Bengtson 1981), 
this assumption is probably not violated. 

The survival that is estimated by these models applies 
only to the marked portion of the population. To extrapolate 
the results to the remaining population, the marked subset 
must be assumed to be representative of the whole popula- 
tion (Cormack 1964). Most markings that identify individu- 
als are scars from collisions with boats and boat propellers 

Table 2. Estimated annual probabilities of capture (pi) of adult Florida manatees (Trichechus manatus latirostris) based 
on photo-identification records in three study areas in winter, 1 November-1 April 1978-1979 through 1989-1990. 
Probabilities of capture and standard errors calculated with Model A (<(>t, pi) of program JOLLY (Pollock et al. 1990). 

Crystal River Blue Spring Atlantic Coast 

Year 
A 

Pi SE 
A 

P' SEa A 

Pi SEa 

1978-79 0.914 0.037 1.00 0.000 
1979-80 0.766 0.051 1.00 0.294 0.259 
1980-81 0.844 0.043 1.00 0.333 0.193 
1981-82 0.844 0.041 0.801 0.080 0.323 0.155 
1982-83 0.879 0.036 0.811 0.076 0.292 0.090 
1983-84 0.932 0.027 0.830 0.069 0.163 0.051 
1984-85 0.867 0.034 0.551 0.086 0.634 0.061 
1985-86 0.732 0.043 0.846 0.063 0.502 0.047 
1986-87 0.863 0.031 0.895 0.050 0.389 0.043 
1987-88 0.888 0.027 0.973 0.027 0.539 0.043 
1988-89 0.893 0.026 0.948 0.036 0.386 0.039 
1989-90 0.747 0.038 1.00 0.532 0.043 

P 0.847 0.012 0.888 0.366 
Number of 

individuals 251 79 347 

No values are provided where standard errors of estimates could not be calculated because input statistics included denominators of zero (see Pollock 
et al. 1990:21). 
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(Beck and Reid 1995). No data suggest that boat-scarred 
manatees behave differently from unmarked animals in a 
manner that alters the expected survival, although this has 
not been tested. Because such a large number of Florida 
manatees are marked by scars (Beck and Reid 1995) and the 
total number of individuals in our photo-identification data- 
base is high (677), the samples represent a significant frac- 
tion of the population of concern and are extremely impor- 
tant for conservation. 

Age and size criteria. We categorized individuals as 
adults according to several criteria, depending on data avail- 
able for each animal. Individuals of known birth dates or 
years were categorized as subadults if they were 3,4, or 5 
years old, and as adults after their fifth year. This classifica- 
tion is conservative because it excludes from adult status the 
earliest known ages of sexual maturity (Hernandez et al. 
1995; Marmontel 1995; O'Shea and Hartley 1995; Rathbun 
et al. 1995). If age was not known but total body length was 
determined, we classified manatees if they were longer than 
275cm as adult(0'Sheaetal. 1985; O'Shea and Reep 1990; 
Marmontel 1995). Non-nursing animals that were shorter 
than 275 cm were classified as weaned subadults. Females 
without known histories and accompanied by calves were 
categorized as adults regardless of size. In all other instances, 
we relied on subjective estimation of body size (larger 
animals classified as adults), and did not classify subadult- 
sized animals as adults in any of our analyses until the third 
or fourth year after the first sighting record. 

Period of study. The capture-recapture data were col- 
lected and analyzed by winter (1 November through 31 
March) during 1977-78 through 1990-91. Because of po- 
tential future analyses, we documented the sighting histories 
of animals on which our analyses are based (Appendix). 

Estimates from program JOLLY. Program JOLLY (Pol- 
lock et al. 1990) estimates capture probabilities {pi), survival 
probabilities (<^/), their respective standard errors, and 95% 
confidence intervals by sampling period (years). Average 
survival and capture probabilities over all years are calcu- 
lated as unweighted arithmetic means. The maximum like- 
lihood estimators in this program exist in closed form as a 
simple algebraic formula (in contrast to an iterative numeri- 
cal solution). Some annual survival estimates can exceed 
unity. 

Five variations of the Cormack-Jolly-Seber model that 
require different assumptions are available in program 
JOLLY. Selection of the most appropriate model is facili- 
tated for the researcher by goodness-of-fit tests and between- 
model tests developed by Brownie et al. (1985). We exam- 
ined three of the five alternative models provided by 
Program JOLLY: Model A, which is the basic Jolly-Seber 
model in which capture and survival probabilities vary over 
sampling periods (<|>r, pt model in notation of Lebreton et al. 
[1992]); Model B, for which constant survival over time 

must be assumed but capture probabilities vary (<(>, pt model 
in notation of Lebreton et al. [1992]); and Model D, for 
which constant survival and constant capture probabilities 
over time must be assumed (<j>,/> in notation of Lebreton et al. 
[1992]). The remaining two models were not investigated 
because of a priori assumptions about their lack of applica- 
bility to our study (Model A' requires the assumption of 
variable capture and survival probabilities but effects of 
births and immigration are considered negligible; Model 2 
allows a trap-response effect of initial capture on first period 
survival rate). 

The survival estimates we provide for each study group 
are calculated with the model selected on the basis of the 
between-model tests. However, for all of these groups the 
goodness-of-fit tests (Table 3) of the data indicated that the 
model did not account for all the variation and more complex 
modeling may be required. Despite the lack of fit, we felt 
that the selected model was the least biased and most accu- 
rate available estimate. The variances of the estimates, how- 
ever, were based on the theoretical model and did not reflect 
actual variability. To adjust the variances, we used quasi- 
likelihood theory and calculated a variance-inflation factor 
when goodness-of-fit tests did not meet the P > 0.2 criteria 
(Burnham et al. 1987; Lebreton et al. 1992). 

Initially we calculated annual capture probabilities in 
each study area with Model A (§t, pt) of program JOLLY. 
Early years in which sample sizes were lower and standard 
errors of estimates were higher than in later years were 
dropped for subsequent analyses. 

Estimates from program RECAPCO. To our knowledge, 
this program (*Buckland 1991) provides the only method 
for estimating survival that has been used with photo-iden- 
tification records of other marine mammal species (Buck- 
land 1990; Slooten et al. 1992). Statistical procedures that 
form the basis for RECAPCO are described by Buckland 
(1980, 1982, 1990) and Buckland and Garthwaite (1991). 
Program RECAPCO uses a modified Cormack-Jolly-Seber 
model but differs from program JOLLY in several aspects. 
The RECAPCO analysis groups the capture histories into 
cohorts of individuals that were first captured during the 
same sampling period. Because no new manatees can enter 
a cohort after it was defined, the model is a special case of 
the Cormack-Jolly-Seber model without recruitment (deaths 
and emigration occur, but births and immigration do not 
occur). In contrast to program JOLLY, no other alternative 
models are considered. The cohort analysis allows an exami- 
nation of changes in survival estimates with increasing age. 
Each cohort contains members that vary in age, negating 
age-specific estimates, but each member is known to age 
with passing years, and therefore, survival can be estimated 
from the number of years after first identification. A survi- 
vorship curve is calculated similarly to the lx matrix of 
life-table analyses but is based on years from first identifi- 
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Table 3. Results of the model selection tests with program JOLLY and sighting-resighting data of adult Florida manatees 
(Trichechus manatus latirostris) from the Crystal River (winters 1977-1978 to 1990-1991), Blue Spring (winters 
1977-1978 to 1990-1991), and the Atlantic Coast (winters 1984-1985 to 1990-1991). 

Crystal River 

Test x2 df P 

Goodness-of-fit to 50.4 16 <0.001 
A (<)>?, pi) 

Goodness-of-fit to 62.3 24 <0.001 

B(fc/>i) 
Goodness-of-fit to 108.8 36 <0.001 

Model B vs. Model A 11.9 8 0.157 

(ty, pi) (tyt, pi) 
Model D vs. Model A 58.4 20 <0.001 

(<t>.p)(<t>'-Pt) 
Model D vs. Model B 49.1 12 <0.001 

(<t>,p)(<t>>Pr) 

Blue Spring Atlantic Coast 

df 

12.2 

71.1 

58.9 

15 

12 

0.007 

<0.001 

<0.001 

x2 df P 

15.8 13 0.258 

20.9 17 0.230 

89.5 22 <0.001 

5.1 4 0.278 

73.7 9 <0.001 

67.8 5 <0.001 

1 Iteration attempts to estimate parameters for the Blue Spring data set with Model B (<|>, pi) failed, probably because of small sample size. 

cation rather than age classes. Departures from linearity in 
the survivorship curve indicate a violation of the assumption 
of constant survival with age (Buckland 1982, 1990). We 
followed this approach in plotting these relations for each 
study group. 

Survival (<|>) of each cohort is estimated by RECAPCO. 
Estimates of capture probabilities (p) are also calculated to 
estimate survival but are not available to the user in the 
output. The maximum likelihood estimators in this program 
exist in open form as an iterative numerical solution, and 
survival estimates—unlike the estimates calculated by 
JOLLY—are constrained to never exceed unity (Buckland 
1980). Survival estimates are then combined by either date 
or years from first identification. A mean survival of the 
entire sample can be estimated as a geometric mean, which 
is preferred if survival is variable with age. Average survival 
is also estimated as an arithmetic mean weighted by the 
estimated number of individuals remaining alive in the 
cohort after the year of each estimate, which is preferred if 
survival is constant with age (Buckland 1990). RECAPCO 
calculates standard errors and confidence limits of survival 
estimates with the nonparametric bootstrap technique of 
Buckland and Garthwaite (1991). Tests to assess the good- 
ness-of-fit of the data are not available in this program. 

RECAPCO employs capture histories of live individuals 
and information based on the recovery of dead marked 
animals (Buckland 1980, 1990), whereas program JOLLY 
uses only resighting data of live animals. The statistics n, zi, 
and %i, are defined differently from the Cormack-Jolly-Se- 
ber model to include known deaths, but the estimation 
process is only slightly modified by this inclusion (Buckland 
1980). Including information on deaths requires an assump- 
tion that every marked animal that dies between the sample 

periods has the same probability of being recovered and 
identified (Buckland 1980). The degree to which this as- 
sumption may be violated has not been addressed for data 
from Florida manatees. 

To reduce effects of heterogeneity in capture prob- 
abilities when estimating mean survival, Buckland (1982, 
1990) recommended deleting estimates from each cohort 
(after combining by date) that subjectively seemed to be 
most affected by bias. It was not necessary to follow this 
procedure in our analysis because none of the estimates 
showed strong departure from others. 

We used survival estimates generated by RECAPCO to 
compute mean life expectancy after the first sighting record 
following Cormack (1964) and Brownie et al. (1985). Mean 
life expectancy was calculated as — 1/ln (<p). This is not an 
estimate of true mean longevity because it does not consider 
pre-adult survival, and by definition all manatees in our 
databases are at least 5 years old before they are included in 
the analyses. 

Hypothesis testing with program CONTRAST. Sauer and 
Williams (1989) developed a generalized %2 statistic to test 
null hypotheses on homogeneity among several survival 
estimates. Program CONTRAST (Hines and Sauer 1989) 
allows rapid computation of these statistics, which we used 
to test hypotheses about the homogeneity of survival among 
the three study groups and among sex categories within 
study groups. We Used the two programs JOLLY and RE- 
CAPCO to estimate survival and their associated covariance 
or standard errors and used these data for input into program 
CONTRAST. 

Summary of general approach. We performed a series of 
exploratory analyses to determine the feasibility of estimat- 
ing survival with photo-identification databases from each 
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of three study groups with contrasting characteristics. In- 
itially, we subjectively examined the annual capture prob- 
abilities within each study group with the generalized 
Model A (<j)f, pi) of program JOLLY, considering the possi- 
bility of having to modify the temporal span of the databases 
because of small sample sizes and high standard errors. Two 
survival estimates of each study group were calculated, one 
based on the cohort model from RECAPCO and one based 
on the particular model selected by JOLLY. We used the 
model selection procedures of program JOLLY to determine 
which of several modifications to the basic Cormack-Jolly- 
Seber model best fit the data. We used program CON- 
TRAST to conduct a preliminary test for potential differ- 
ences of survival among sex categories in each study area as 
generated by JOLLY and RECAPCO and used a test for 
differential survival with age with output from RECAPCO. 
The primary purpose of searching for possible age or sex 
influences on survival was to evaluate the effects of such 
potential sources of heterogeneity on the validity of pooling 
all sighting records in comparisons among study areas. 
Subsequent to finding no age-related differences in survival, 
we also calculated life expectancy after the first sighting 
record based on the cohort analysis of RECAPCO. 

Estimates Based on Radio-tracked Individuals 

We based these estimates on manatees that were tracked 
in studies with radiotelemetry designed to determine move- 
ment patterns and behavioral ecology rather than survival 
(Bengtson 1981; Rathbun et al. 1990; Reid et al. 1995). 
Although this is a post hoc approach, it allows comparison 
with the results of the Cormack-Jolly-Seber estimates and 
allows assessment of the practicality of employing telemetry 
to estimate survival in future studies. Tagging methods 
varied among study areas and are described elsewhere 
(Bengtson 1981; Rathbun et al. *1987, 1990; *Reid and 
O'Shea 1989; Reid et al. 1995). 

Annual survival (ASR) of radio-tracked individuals 
was calculated with the technique of DeMaster and Dre- 
venak (1988), which followed the approaches of Trent 
and Rongstad (1974), Mayfield (1975), and Heisey and 
Fuller (1985). Unlike some studies of other animal spe- 
cies, studies of manatees with telemetry include complex 
histories of transmitter loss and reattachment and do not 
have well defined periods of initiation and termination 
of observations common to the entire sample. Transmit- 
ters, particularly the floating, tethered tags used in all 
study areas except at Blue Spring, frequently fail or 
become detached. The belt, however, usually remains 
attached to the animal, and new tags are regularly at- 
tached to existing belts (Reid et al. 1995). Furthermore, 
floating tags not uncommonly cease to transmit because 
they are damaged by boat strikes or are seized by humans 
or alligators or because of other factors that do not affect 

the survival of the tagged individual. The mean length of 
attachment of tethered transmitters in the study on the 
Atlantic Coast, for example, was 64 days (Reid et al. 
1995). Siniff and Rails (1991) recommended using pro- 
jected length of battery life as a criterion for terminating 
observation periods in studies of sea otters {Enhydra 
lutris), but battery life in studies of manatees with te- 
lemetry is typically much longer than the period of 
transmitter attachment (Reid et al. 1995). For computa- 
tion, we limited our analyses to dates when the manatees 
carried functioning transmitters and omitted time peri- 
ods when transmitters were not operating. In the Crystal 
River and at Blue Spring, the period of survival estima- 
tion extended from the date of tagging of the first mana- 
tee to the date of the last observation with telemetry. The 
period of observation of all animals in the ongoing At- 
lantic Coast study was terminated on 31 December 1991. 
Our use of this technique also varied from previous 
studies for a second reason: although animals were typi- 
cally observed several times weekly, they were not al- 
ways observed daily. 

For each tagged animal, we entered the date of tag- 
ging and the date of the last telemetry observation and 
whether the animal was dead or alive at the last observa- 
tion. Manatees tagged for only 1 day or sightings of belts 
or other markings during periods of transmitter failure 
were excluded from the analysis. Telemetry data of 
manatees at Blue Spring are based on studies conducted 
during 1979-84 (Bengtson 1981; Sirenia Project, unpub- 
lished data). Research with telemetry on the Crystal 
River was conducted during 1980-85 (Powell and Rath- 
bun 1984; Rathbun et al. 1990; Sirenia Project, unpub- 
lished data). Studies with telemetry on the Atlantic Coast 
were conducted from 1986 through 1991 (Reid et al. 
1995; Sirenia Project, unpublished data). The study on 
the Atlantic Coast also included 13 individuals that had 
been rehabilitated in captivity and tagged at release. 
Because survival does not seem to differ between reha- 
bilitated manatees and wild individuals (Sirenia Project, 
unpublished data), we included these cases to increase 
the sample size. 

Annual survival was estimated by first calculating a 
daily survival (DSR): 

K K 

DSR=l-£(y<)/I>0 
(i=i)       (/=i) 

(1) 

where yi = 1 if the ith individual died and y; = 0 if it was 
alive at the end of the observation period; xi is the total 
number of days the rth individual survived while under 
observation (animal-days); and K is the number of 
tagged manatees. The sum of y/ is the total number of 
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deaths that occurred; the sum of xi is the total number of 
animal-days. 

Annual survival (ASR) was extrapolated from DSR as: 

ASR = DSR36525 (2) 
The exponent is the average number of days in the 

year. Calculating the 95% confidence interval (CI) of the 
ASR is dependent on determining the number of deaths 
expected to occur during the observed number of animal- 
days with a probability of P = 0.025 (at the upper CI) and 
P = 0.975 (at the lower CI). Because each animal-day is 
a binomial event with a probable outcome of either death 
or survival, deaths over a year have a binomial distribu- 
tion. The expected number of deaths can be estimated 
directly from this distribution with the binomial prob- 
ability distribution function of SAS (SAS Institute 1985) 
and the binomial parameter of the function set equal to 
the daily mortality estimate (1-DSR) and n set equal to 
the total number of animal-days. The number of deaths 
at each of these probabilities was then estimated to the 
nearest 0.001 decimal by inverse interpolation (Sokal 
and Rohlf 1981), and we estimated the ASR confidence 
limits by substituting these mortality estimates in equa- 
tion (1). 

Two assumptions are made for estimating survival by 
this method (Trent and Rongstad 1974): (1) each animal- 
day is an independent trial (death of one animal does not 
affect the probability of survival of another, and all 
animals have the same underlying survival prob- 
abilities); (2) the probability of survival each day is 
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Fig. 2. Estimated proportion (and 95% confidence interval) of 
surviving adult Florida manatees (Trichechus manatus 
latirostris) based on years from first identification at Blue 
Spring (winter 1977-1978 through winter 1990-1991). The 
semi-ln plot shows a significant fit to a linear function (r = 
0.919; P < 0.0001; y = -0.02112 x + 0.644330), indicating a 
constant probability of survival with age. 

constant. Available knowledge and long-term data sug- 
gested the first assumption was valid. Although our 
capture-recapture analyses of resighting data suggested 
a constant probability of survival of adults with age (see 
Figs. 1-3 and below), we were unable to evaluate the 
validity of either assumption or the magnitude of effects 
of possible violations. 
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Fig. 1. Estimated proportion (and 95% confidence interval) of 

surviving adult Florida manatees (Trichechus manatus 
latirostris) based on years from first identification in the 
Crystal River (winter 1977-1978 through winter 
1990-1991). The semi-ln plot shows a significant fit to a 
linear function (r2 = 0.990; P < 0.0001; y = -0.01866 x + 
0.693198), indicating a constant probability of survival with 
age. 

Years from first identification 
Fig. 3. Estimated proportion (and 95% confidence interval) of 

surviving adult Florida manatees (Trichechus manatus 
latirostris) based on years from first identification on the 
Atlantic Coast (winter 1984-1985 through winter 
1990-1991). The semi-ln plot shows a significant fit to a 
linear function (r2 = 0.976; P < 0.0002; y = -0.05383 x + 
0.690815), indicating a constant probability of survival with 
age. 



204    INFORMATION AND TECHNOLOGY REPORT 1 

Results 

Cormack-Jolly-Seber Estimates 

Probability of Capture 

The mean probability of capture (pi) was high in the 
Crystal River (0.847) and at Blue Spring (0.888; Table 2) 
and lower (mean 0.366) on the Atlantic Coast. However, the 
annual mean capture probabilities on the Atlantic Coast 
were consistently higher during the last 6 years than during 
the previous 6 years (Table 2). We limited subsequent 
analyses to survival of the Atlantic Coast study group during 
winters 1984-85 through 1990-91. 

Survival 

Estimates with program JOLLY. Model B (§,pt, constant 
survival probability but time-dependent capture prob- 
abilities) was selected for estimating survival of the mana- 
tees in the Crystal River and on the Atlantic Coast, and 
Model A (time-dependent survival and capture prob- 
abilities, fyt, pi) for estimating survival at Blue Spring (Table 
3). Goodness-of-fit tests of the data to the selected models 
(Table 3), however, indicated poor fit. A variance inflation 
factor was incorporated into our confidence interval esti- 
mates to reflect the excess variation. 

In the Crystal River, the estimated constant annual sur- 
vival during the period winter 1977-78 through winter 
1990-91 was 0.962 (CI = 0.943-0.981; Table 4). At Blue 
Spring, the mean annual survival during the same period was 
0.948 (CI = 0.908-0.988; Table 4). The constant annual 
survival on the Atlantic Coast from 1984-85 through 1990- 
91 was 0.877 (CI = 0.848-0.906; Table 4). 

Estimates with program RECAPCO. Survival estimated 
with program RECAPCO was similar to survival obtained 
with program JOLLY (Table 4). The weighted arithmetic 
mean adult survival was 0.959 in the Crystal River (CI = 
0.943-0.967), 0.936 at Blue Spring (CI=0.909-0.958), and 
0.885 along the Atlantic Coast (CI=0.855-0.909; Table 4). 

Based on output from program RECAPCO, plots of the 
In of the estimated proportion of surviving manatees 
against years from first identification fit a linear function 
(Crystal River: r2 = 0.990, Blue Spring: r2 = 0.919, Atlan- 
tic Coast: r = 0.976), indicating that the assumption of a 
constant rate of survival with age is true of adult Florida 
manatees in each study group (Figs. 1-3). 

Homogeneity of estimates between females and males. 
Survival, computed by either RECAPCO or JOLLY, did not 
differ between males and females within the Crystal River 
and Blue Spring groups (Table 5). On the Atlantic Coast, 
where the sex of many manatees was not known, survival 
estimates significantly differed by sex category in either 
program. Survival was lowest of manatees in the unknown- 
sex category (Table 6). Sex categories of the Adantic Coast 
group were pooled for all other analyses, however, because 
we judged that deleting animals in the unknown-sex cate- 
gory may add greater bias to survival estimates than pooling. 
The individuals in the unknown-sex category were assumed 
to have had shorter and less complete sighting histories, and 
the identification of their sexes was therefore less probable 
(see Discussion). Large differences in annual capture prob- 
abilities between females and males and consistent trends of 
differences among sex categories were not evident; the 
greatest difference was between males (p = 0.79) and fe- 
males (p = 0.90) in the Crystal River (Table 7). 

Homogeneity of estimates among study groups. Program 
CONTRAST revealed significant differences in survival 

Table 4. Estimated annual adult survival (<j); standard errors SE and 95% confidence limits CI) of Florida manatees 
(Trichechus manatus latirostris) in three study areas. The modified Cormack-Jolly-Seber models and 
photo-identification records were used to estimate survival. Estimates are based on records of manatees during winter 
1977-1978 through 1990-1991 at Crystal River and at Blue Spring, and during winter 1984-1985 through 
1990-1991 on the Atlantic Coast. Estimated variances with program JOLLY were adjusted with a variance inflation 
factor because of poor fit of the data to the model. 

Computer program Blue Spring3 Crystal River 

JOLLY 
A 

4» 
SE 
CI 

RECAPCO 
A 

4> 
SE 
CI 

0.948 
0.020 
0.908-0.988 

0.936 
0.013 
0.909-0.958 

0.962 
0.009 
0.943-0.981 

0.959 
0.007 
0.943-0.967 

Results from program JOLLY computed with Model A (<|>,, pi). 
Results from program JOLLY computed with Model B (fy,pi). 

Atlantic Coast 

0.877 
0.015 
0.848-0.906 

0.885 
0.014 
0.855-0.909 



RECAPCO 

Males 0.939 0.018 54 
Females 0.935 0.022 21 
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Table 5. Tests of hypotheses on homogeneity of estimated survival ($) between sexes of Florida manatees (Trichechus 
manatus latirostris) in the Crystal River and at Blue Spring (winters 1977-1978 to 1990-1991). Program 
CONTRAST and survival estimates computed by programs JOLLY and RECAPCO were used. 

Computer 
program  Blue Spring  _^ Crystal River  
and sex 4» SE n %2        df P » SE n %2        df P 

JOLLY 

Males 0.950a     0.013       54 0.005 1 0.95        0.963c     0.013     136 0.224 1 0.64 
Females 0.949b     0.017       21 0.970d     0.008     113 

0.014 1 0.91        0.950      0.009     136 0.834 1 0.36 
0.962      0.009     113 

a Results computed with JOLLY Model A (<(>,, pi). No variance-inflation factor required (P = 0.69). 

Results computed with JOLLY Model A (((>;, pi). Insufficient data for goodness-of-fit test. 
c Results computed with JOLLY Model B (<)>, pi). Includes variance-inflation factor of 2.6 based on goodness-of-fit P = 0.0002). 

Results computed with JOLLY Model A (<|>,, pi). No variance-inflation factor required (P = 0.94). 

estimates among the three study groups from 1984-85 Crystal River during the period 1977-78 through 1990-91 
through 1990-91 (Table 8). No differences were detected in (Table 4) also revealed no significant differences (%2 = 0.39, 
the pair-wise contrasts of survival estimates of manatees at df = 1, P = 0.533). 
Blue Spring, on the Atlantic Coast, or in the Crystal River; Estimates of life expectancy after the first sighting record. 
however, survival in the Crystal River was significantly The estimated mean life expectancy of manatees after the 
different from survival on the Atlantic Coast (Table 8). first sighting record was 23.59 years in the Crystal River 
These contrasts were based on the overall survival during group, 15.14 years in the Blue Spring group, and 8.17 years 
the entire study estimated with Model B (<)>, pi), constant in the Atlantic Coast group, 
probability of survival and time-dependent capture prob- 
abilities in the Crystal River (1977-78 through 1990-91) Estimates Based on Radio-tracked 
and on the Atlantic Coast (1984-85 through 1990-91). Manatees 
Because the assumption of constant survival was not true of 
the Blue Spring group, the survival was estimated as an Thirty-two manatees (13 adult females, 16 adult 
arithmetic mean of yearly estimates during the same period males, and 3 subadult females) in the Crystal River were 
of observation as on the Atlantic Coast (Table 8). A separate tracked from 1980 through 1985. The mean number of 
comparison of survival estimates at Blue Spring and in the days of observation was 90 ± 86 days (range = 6-346) 

Table 6. Tests of hypotheses on homogeneity of survival estimates (<|>) between sexes of Florida manatees {Trichechus 
manatus latirostris) at Atlantic Coast study sites (winters 1984-1985 through 1990-1991). Program CONTRAST 
and mean survival estimates computed by programs JOLLY (Model B; <(>, pi) and RECAPCO were used. No 
adjustments of the variances were required based on goodness-of-fit tests to Model B (<|>, pi) of program JOLLY. 

Computer 
program 
and sex $ SE n %2 df P 

13.4 2 0.001 

6.0 2 0.050 

Males 0.952 0.021 54 
Females 0.891 0.017 172 
Unknown 0.820 0.030 118 

RECAPCO 

Males 0.947 0.021 54 
Females 0.889 0.019 172 
Unknown 0.862 0.036 118 
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Table 7. Estimated annual capture probabilities (p) of female, male, and undetermined-sex Florida manatees 
(Trichechus manatus latirostris) in the Crystal River (winters 1977-1978 to 1990-1991), at Blue Spring (winters 
1977-1978 to 1990-1991), and on the Atlantic Coast (winters 1984-1985 to 1990-1991). Capture probabilities 
computed by program JOLLY. Blanks denote standard errors could not be calculated because input statistics included 
denominators of zero. 

Study area Sex SE n 

Crystal River 

Blue Spring 

Atlantic Coast 

Females 0.900 
Malesb 0.794 
Females3 0.908 
Malesb 0.879 
Females" 0.552 
Males 0.598 
Undetermined 0.500 

0.003 

0.003 
0.011 
0.007 

113 
136 
21 
54 
172 
54 
118 

Estimates with Model A (<(><, pi). 
Estimates with Model B (<|>, pi). 

per adult and 53 ± 28 days (range = 23-78) per subadult. 
No deaths occurred among radio-tagged animals in the 
Crystal River during the period of study; the estimated 
ASR was 1.0 (Table 9). 

Twenty-five manatees (7 adult females, 8 adult males, 2 
subadult females, and 8 subadult males, including 1 subadult 
male later classified as an adult as it matured during the 
study) were monitored by telemetry at Blue Spring during 
1979 through 1984. The mean number of days of observa- 
tion was 310 ± 222 days (range = 64-790) per adult and 251 
±171 days (range = 90-650) per subadult. No adults died 
(ASR = 1.0). Two subadult males died (ASR = 0.748, CI = 
0.500-0.991). 

Fifty-four manatees were tagged on the Atlantic Coast 
from 1986 through 1991. The 54 included 33 adult females, 

12 adult males, 3 subadult females, and 6 subadult males. 
The mean number of days of observation was 273 ± 300 
days/adult (range = 4-1,152) and 303 + 166 days/subadult 
(range = 138-563). Three monitored adults died (2 females, 
1 male); the adult ASR was 0.915 (CI = 0.827-0.996). No 
subadults died (Table 9). 

Discussion 

Estimation of Survival in Manatees 

The survival of Florida manatees had not been estimated 
prior to our study. In general, prior research on other species 
relied on three basic approaches to gathering data for esti- 

Table 8. Tests of hypotheses on homogeneity of annual survival estimates (<|>) of adult Florida manatees {Trichechus 
manatus latirostris) at Blue Spring, in the Crystal River, and on the Atlantic Coast (1984-1985 through 1990-1991), 
sexes combined. Survival estimates computed by program JOLLY based on the best-fit model. Hypothesis tests 
computed by program CONTRAST; input includes variance-inflation factor adjustments. 

Study area 
comparisons df 

Blue Spring 
Crystal Riverb 

Atlantic Coast 

0.909 
0.962 
0.877 

Blue Spring3 

Crystal River 
0.909 
0.962 

Blue Spring3 

Atlantic Coast 
0.909 
0.877 

Crystal River 
Atlantic Coastb 

0.962 
0.877 

24.04 

1.76 

0.57 

23.50 

<0.0001 

0.1848 

0.4487 

<0.0001 

Arithmetic mean of estimated variable annual survival rates 1984-1985 through 1990-1991 (Model A; (j>,, p,). Yearly estimates are 0.937, 0.858, 
0.952, 0.893, and 0.905. 
Estimated constant survival (Model B; <(>, pi). 



THOMAS J. O' SHEA AND CATHERINE A. LANGTIMM    207 

Table 9. Annual survival of Florida manatees (Trichechus manatus latirostris) estimated with data from radio-tracked 
individuals. 

Crystal River 
1980-85 

Blue Spring 
1979-84 

Atlantic Coast 
1986-91 

Adults 
ASRa 

CIb 

Individuals 
Animal-days 

Subadults 
ASR 
CI 
Individuals 
Animal-days 

1.00 

29 
2,621 

1.00 

3 
159 

1.00 

15 
4,658 

0.748 
0.500-0.991 

10 
2,511 

0.915 
0.827-0.996 

45 
12,325 

1.00 

9 
2,726 

ASR = Annual survival rate. 
5 CI = 95% confidence interval. 

mating survival from living populations that may be suitable 
for estimating survival in Florida manatees: (1) recording 
resighting histories of naturally marked individuals without 
trapping and handling; (2) intensively monitoring the fate of 
animals with radiotelemetry or with other means of direct 
observation; and (3) tagging or marking animals after cap- 
ture or with other traumatic techniques (e.g., harpooning) 
and basing estimates on recaptures, resightings, or recover- 
ies of tagged individuals. Our results indicated that the 
analysis of resighting histories based on photo-identification 
records of naturally marked individuals with the Cormack- 
Jolly-Seber models seems most suitable for the estimation 
of survival of Florida manatees. Confidence intervals com- 
puted with either JOLLY or RECAPCO from photo-identi- 
fication data were acceptably narrow for data from manatees 
in the Crystal River group (0.038, 0.024) and somewhat 
broader for those on the Atlantic Coast (0.058,0.054) and at 
Blue Spring (0.080,0.049). 

In contrast, estimation of survival from direct observation 
with telemetry had much wider confidence intervals, and 
other methods that require capture and tagging of animals 
require logistically infeasible sample sizes for estimating 
precise survival. Methods for computing survival with data 
from telemetry (Heisey and Fuller 1985; Pollock et al. 1989) 
are probably not sufficiently precise without large sample 
sizes and in manatees are complicated by the loss and 
reattachment of tags (Reid et al. 1995). Our analysis of 
telemetry data from manatees on the Atlantic Coast was 
based on the most intensive radio tracking ever conducted 
of Florida manatees (Reid et al. 1995), yet the tracking of 45 
adults for 12,325 days provided a survival with a 95% 
confidence interval of 0.83 to 1.00 (Table 9). Such a range 
of adult survival in manatees would span populations that 
could be growing or declining at a high rate and would 
therefore have little use for management. 

Accurate estimation of survival with other methods of 
mark-recapture, such as application of visual tags or passive 

integrated transponders (PIT tags; Thomas et al. 1987) re- 
quires handling or harassing many animals. Packard and 
Nichols (* 1983) calculated that at survival of 0.90 (and 80% 
carcass recovery rates), 770 manatees/year must be handled 
and marked during each of 4 years to estimate annual 
survival with a coefficient of variation of 0.10. Carcass 
recovery rates of Florida manatees are unknown. In addition, 
the effort to mark such a large number of manatees is 
probably beyond the capabilities of research agencies with- 
out sacrificing other programs, is dangerous to manatees and 
researchers, and is probably unacceptable to major segments 
of the public. 

The use of photo-identification techniques and Cormack- 
Jolly-Seber approaches for analysis of population dynamics 
were only recently successfully applied to other marine 
mammals (Buckland 1990; Hammond 1986; Hammond 
et al. 1990; Slooten et al. 1992). By comparison, results from 
our analyses are especially encouraging. Buckland (1990), 
who estimated survival from resighting data with photo- 
graphs of fluke markings of North Atlantic humpback 
whales (Megaptera novaeangliae), suggested that useful 
results can be generated when data sets are long-term (>10 
years) and recapture probabilities are 0.2 or higher (Buck- 
land 1990). The photo-identification databases of manatees 
clearly satisfy these criteria; standard errors of estimated 
survival are less than or equivalent to those of humpback 
whales or Hector's dolphins {Cephalorhynchus hectori; 
Buckland 1990; Slooten et al. 1992). In addition to encour- 
agingly high capture probabilities with low variance and 
databases gathered during 14 consecutive winters on the 
Crystal River $ = 0.85) and at Blue Spring (p - 0.89), our 
estimates of survival in each study group from photo-iden- 
tification were concordant with estimates obtained by direct 
observation with radiotelemetry (despite wide confidence 
intervals with radiotelemetry). Other aspects of life history, 
population growth, and mortality factors in these study 
groups also support the accuracy of these estimates. 
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RECAPCO and JOLLY provided equivalent estimates 
of mean survival; however, each program provided different 
additional categories of information and both provide dif- 
ferent insights. JOLLY provided estimates of annual prob- 
abilities of capture and also allowed model-selection proce- 
dures and goodness-of-fit tests of data models. RECAPCO 
does not provide such information but includes data from 
dead animals (future efforts to improve gathering such in- 
formation from the field will probably increase) and allows 
assessment of cohort-specific differences in survival over 
time. Our results suggested that photo-identification data 
provide a useful basis for the estimation of survival. How- 
ever, analyses were conducted in a post hoc fashion. Results 
and inferences should be considered preliminary, particu- 
larly because the data from the study groups did not ade- 
quately fit the models, as indicated by the significant good- 
ness-of-fit test computed by program JOLLY. The excess 
variation in the data may be due to problems in the database 
or to true biological variation that may be accounted for with 
more complex models. Both possibilities need further ex- 
ploration. Several measures should be taken to reduce bias 
and increase the precision of survival estimates in sub- 
sequent analyses, including selection of narrower sampling 
periods within years; establishment of uniform criteria for 
inclusion of individuals into the Manatee Individual Identi- 
fication System among study groups (e.g., first-year sight- 
ings are not entered in the database of manatees in the 
Crystal River but are included elsewhere); establishment of 
consistent criteria for defining dates of first capture of indi- 
viduals; increasing field sampling intensity (primarily on 
Atlantic Coast aggregation sites) to improve recapture prob- 
abilities; and reexamining all databases for potential errors 
in individual identifications, including omissions and dupli- 
cations of records. 

The models we examined here and more complex and 
realistic models should be explored to further examine the 
nature of the variation in the sighting data. Since we under- 
took our study, Lebreton et al. (1992) summarized new 
procedures and computer programs (e.g., SURGE and RE- 
LEASE) that should facilitate building and selecting the 
most appropriate and biologically realistic capture-recap- 
ture models for the manatee data set. These programs allow 
more rigorous hypothesis testing than we conducted in our 
preliminary analyses, particularly for an analysis-of-vari- 
ance approach to partition differences in survival among 
biologically important categories such as time period, loca- 
tion, and sex. 

Future investigators should determine the confounding 
influence of immigration and emigration on survival and use 
the manatee photo-identification database in conjunction 
with new applications of Cormack-Jolly-Seber models to 
refine estimates of rates of movement, site fidelity, and 
reproduction characteristics (Hestbeck et al. 1991; Nichols 

1992; Brownie et al. 1993). Applicability of these models 
for investigating subadult survival should also be deter- 
mined, and the potential for developing a combined likeli- 
hood approach for estimation of survival from telemetry and 
photo-identification data should also be evaluated. 

Comparisons of Study Groups 

Despite the preliminary nature of our analyses, some 
estimates from the Cormack-Jolly-Seber approach illumi- 
nate important aspects of manatee population biology and 
point toward further research. This is particularly evident in 
comparisons of data by study area. Lack of apparent devia- 
tions from linearity in proportions that survive with time 
were apparent in all three study areas (Figs. 1-3), indicating 
that survival is not dependent on age when adulthood is 
attained; such patterns are similar to those of other long- 
lived mammals (Eberhardt 1985). However, the estimated 
survival during winter 1984-85 through 1990-91 differed 
between the manatees in the Crystal River group and those 
in the Atlantic Coast group but not between those in the 
Crystal River group and the Blue Spring group or between 
manatees in the Blue Spring group and those in the Atlantic 
Coast group. We suspect that the long-term estimates from 
the Blue Spring and Crystal River study groups are accurate 
and approach estimates that would probably be observed in 
growing, relatively undisturbed populations of manatees 
(Table 1). Habitat and population-related factors and sam- 
pling conditions support this interpretation. At Blue Spring 
and in the Crystal River but not on the Atlantic Coast, 
manatee population sizes are growing; aggregation sites are 
fewer and sampling is logistically easier; histories of protec- 
tion are longer; anthropogenic mortality (primarily in the 
Crystal River) is less; habitat quality is better; urbanization 
is less; migration and movement patterns of manatees are 
less complex; periods of seasonal use (and availability for 
sampling) by manatees in winter are longer; the water is 
clearer, the emphasis on underwater photography is greater; 
and the continuity of effort is greater (Table 1). Restricted 
movement patterns in winter, limited numbers of warm- 
water aggregation sites, superior sampling conditions, and 
intensity and continuity of effort at Blue Spring and the 
Crystal River probably have contributed to the high annual 
capture probabilities of these two groups and the accuracy 
and precision of the estimates. The higher survival is also 
reflected in the apparent increases of population size in the 
Crystal River and at Blue Spring during the study (Acker- 
man 1995). These differences notwithstanding, the lower 
survival of the Blue Spring group during the shorter, more 
recent period of study may signal a decline of survival with 
time. Additional analyses to determine the validity of such 
temporal trends are needed. 

Interpretation of the survival of manatees on the At- 
lantic Coast is more problematic. Less favorable habitat 



THOMAS J. O' SHEA AND CATHERINE A. LANGTIMM   209 

conditions and degree of anthropogenic mortality (Table 
1) seem to depress manatee survival on the Atlantic 
Coast, supporting the accuracy of the low estimates. The 
telemetry-based estimates also suggested lower adult 
survival on the Atlantic Coast (Table 9), and survival of 
the Atlantic Coast group that was estimated with the 
Cormack-Jolly-Seber models was calculated over a 
shorter, more recent time span, when mortality factors 
(particularly numbers of boats) were more intense (Ack- 
erman et al. 1995; Wright et al. 1995). However, efforts 
to improve sampling and further edit the Atlantic Coast 
database (Table 1) must be strengthened for more firm 
conclusions about the accuracy of the survival estimates 
presented in this paper. 

Differences in survival by sex were found only in the 
Atlantic Coast study group in which survival of male 
manatees was highest and survival of manatees of un- 
known sex, the lowest (Table 6). The sex of more than 
one-third of the manatees in the Atlantic Coast database 
was unknown (Table 1). The opportunity for an observer 
to assign a sex category should not affect the manatee's 
probability of survival. Rather, the probability of deter- 
mining or verifying the sex of animals that are not ob- 
served on multiple occasions is less. At this stage of our 
understanding, we do not know whether characteristics 
that reduce the probability of observation somehow bias 
survival downward or correlate with greater risks to sur- 
vival. Alternatively, the determination of sex of reproduc- 
tive females is easier because of the presence of calves. 
This could advance the speculation that a larger proportion 
of manatees in the sex-unknown category were males or 
non-reproductive females and that survival of manatees in 
these categories is lower. However, this speculation is not 
supported by the overall higher survival of known males 
than of known females in the Atlantic Coast group or by 
the lack of male-female differences in survival in the 
Crystal River and Blue Spring groups. Rathbun et al. 
(1990) suggested that males show less year-to-year fidelity 
in the Crystal River and that females with calves arrived 
earlier in the winter. This generalization may somehow 
relate to possible biases in survival estimates in the sex- 
unknown category on the Atlantic Coast if the latter also 
consisted largely of males and non-reproductive females. 
However, the generalization is consistent with capture 
probabilities of males and females in the Crystal River 
group but not in the Atlantic Coast group (Table 7). The 
analysis of mortality data from the hundreds of recovered 
manatee carcasses in Florida also indicated no substantial 
differential mortality between the sexes (O'Shea et al. 
1985; Marmontel 1993; Ackerman et al. 1995). At this 
stage, we believe that conclusions about differential sur- 
vival by sex on the Atlantic Coast are premature and 
require further analysis. 

Implications of Preliminary Survival 
Estimates for Manatee Population Dynamics 

The implied effects of the survival estimates on the 
long-term growth of Florida manatee populations must be 
considered in the context of other life-history parameters. 
We interpret the significance of these estimates to manatee 
population dynamics within three previously published 
frameworks: (1) a general population model for marine 
mammals (Eberhardt and Siniff 1977); (2) the dugong (Du- 
gong dugon, Sirenia: Dugongidae) population model 
(Marsh et al. 1984); and (3) the preliminary population 
model developed for Florida manatees by Packard (*1985). 
Further discussion of survival estimates and other aspects of 
manatee life history in relation to a more updated manatee 
population model appear in Eberhardt and O'Shea (1995). 

Each of the early models defined key variables and 
assumptions, some of which deviate from more recent 
knowledge of manatee life-history traits. However, an as- 
sumption for each of the early models was a constant prob- 
ability of survival with age among adults, which our analyses 
revealed as a realistic assumption for the Florida manatee. 
Mean life expectancies after the first sighting record are also 
compatible with the estimated longevity of Florida manatees 
obtained with skeletochronology (*Marmontel et al. 1990; 
Marmontel 1995) and from longevity of manatees in captiv- 
ity (Odell et al. 1995). Our estimates of survival of males 
and females did not reveal differential mortality between the 
sexes, except in manatees on the Atlantic Coast, and we 
remain unsure of the biological foundation for this result 

Eberhardt and Siniff (1977) provided a general model of 
the relation between adult survival, age at first reproduction, 
and reproduction rate in marine mammal populations at 
equilibrium. Adult survival of about 0.93-0.94 is necessary 
in their model to maintain equilibrium in marine mammal 
species with an age at first reproduction of 4 or 5 years and 
a reproduction rate (female births per adult female per year) 
of 0.18. Manatee data are comparable. Rathbun et al. (1995) 
calculated a reproduction rate of 0.18 female births/female 
in manatees in the Crystal River in live-animal studies. 
However, the relation between these three factors elucidated 
by Eberhardt and Siniff s (1977) model required a constant 
survival of immature manatees that was half the adult rate. 
Survival of immature manatees is poorly known but has 
been estimated from the minimum number that returned to 
Blue Spring each winter (O'Shea and Hartley 1995). Sur- 
vival was at least 0.82 between the first and second winter 
and essentially reached the adult rate in each year thereafter, 
making the assumed survival of immature manatees in 
Eberhardt and Siniff s (1977) calculations seem conserva- 
tive. Rathbun et al. (1995) also gave a minimum early-calf 
(neonatal) survival of 0.67 in the Crystal River, based on 
observations of 82 assumed pregnancies in 51 females dur- 
ing an 8-year period. O'Shea and Hartley (1995) estimated 
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a similar value of 0.600 based on a smaller sample at Blue 
Spring. Survival of subadult manatees (approximately aged 
2 to 5 years) that we estimated with the telemetry data set 
lacks precision but is also consistently higher than half the 
estimated adult rates in these areas (Table 9). Even without 
taking into account the conservative nature of this model 
about survival of immature marine mammals, the mean and 
95% confidence limits of adult survival in the Crystal River 
(Table 4) exceeded levels that are necessary for equilibrium 
growth rates (Eberhardt and Siniff 1977). Adult survival at 
Blue Spring during the entire study were probably high 
enough for growth or at least equilibrium. Preliminary esti- 
mates of rates of the Atlantic Coast study group are subject 
to revision (probably upward) but currently indicate a de- 
clining population size (Table 4). 

Marsh et al. (1984) developed a simple population model 
for the dugong that suggested a necessary adult survival of 
about 0.90 to maintain a stable population if intervals be- 
tween births were 2.5 years, and the mortality of immature 
dugongs (to age 4 years) was 20%/year. The interval be- 
tween births and mortality of immature dugongs used in the 
dugong model are reasonably close to those obtained in 
studies of the Florida manatee. However, Marsh et al. (1984) 
assumed an age at first reproduction of 10 years, whereas 
Florida manatees first reproduce when they are as young as 
4 years (Marmontel 1995; O'Shea and Hartley 1995; Rath- 
bun et al. 1995). Nonetheless, at juvenile survival similar to 
Marsh's et al. (1984) estimate, the adult survival of stable 
manatee populations according to the dugong model is 
slightly lower than 0.90 because the manatee population- 
growth models may be less sensitive to changes in age at 
first reproduction than to changes in certain other life-history 
attributes (Eberhardt and Siniff 1977; *Packard 1985). 
Based on the dugong model, the estimated adult survival of 
the Blue Spring and Crystal River groups is sufficient to 
promote population growth, but the preliminary estimates 
of the Atlantic Coast group are probably less than those 
required for equilibrium (Table 4). 

Packard (*1985) did not provide a specific level of adult 
survival at which manatee populations maintain equilibrium 
in her 10-age class model, but growth rates were positive 
with annual increases of 4.2%/year at <j> = 0.98 and barely 
positive (0.1%) at <f> = 0.93. These rates were based on a 
2-year interval between births, a 0.61 proportion of breeding 
females, an annual 0.85 survival of all pre-adult stages, and 
an initial age structure characteristic of a growing popula- 
tion. In light of recent information (Marmontel 1993,1995; 
O'Shea and Hartley 1995; Rathbun et al. 1995; Reid et al. 
1995), some of these estimates of life-history traits may also 
be inaccurate. Ignoring potential discrepancies in lieu of an 
updated manatee population model (Eberhardt and O'Shea 
1995), according to Packard's (*1985) 10-age class model 
our estimated adult survival (Table 4) also indicated popu- 

lation-size increases in the Crystal River and at Blue Spring 
but a decline in the Atlantic Coast study group. 

The population status of the three study groups supports 
our interpretations of survival with these models. Although 
the influences of immigration and internal recruitment have 
not yet been quantified, manatee populations in the Crystal 
River and at Blue Spring have clearly grown steadily from 
the early 1970's to the early 1990's (O'Shea 1988; Rathbun 
et al. 1990; Ackerman 1995). Analyses of aerial counts of 
manatees in the Atlantic Coast aggregation sites revealed a 
statistically significant increase, but the influence of numer- 
ous confounding factors and unexplained variation (e.g., 
improved counting ability, changes in conditions, or true 
population growth) obscure the true basis for this apparent 
increase (Ackerman 1995; Garrott et al. 1995). High sur- 
vival and population growth in the Crystal River are prob- 
ably due, at least in part, to lower pressures from anthropo- 
genic mortality than in other parts of Florida, significant 
amounts of less developed habitat and abundant forage 
throughout the annual range, and a longer history of protec- 
tion (Powell and Rathbun 1984; O'Shea et al. 1985; O'Shea 
1988; Rathbun et al. 1990; Ackerman 1995; Ackerman et al. 
1995). Manatees at Blue Spring have also experienced 
greater protection since the mid-1970's, although much of 
the annual range encompasses habitat that has probably been 
subjected to greater development pressure and increased 
human activities than the annual range of habitat of mana- 
tees in the Crystal River group. For several years, manatees 
in the Atlantic Coast study area (including the entire St. 
Johns River) experienced a significantly higher proportion 
and total number of anthropogenic deaths than the group in 
the Crystal River area (O'Shea et al. 1985; Ackerman et al. 
1995). These anthropogenic sources of mortality may be 
additive to natural causes and may contribute to the lower 
estimated survival of the Atlantic Coast group in our analy- 
ses. Conservation may be particularly troublesome if the 
lower survival of adult females on the Atlantic Coast is 
verified in future analyses. Two major caveats to these 
interpretations are that our results do not provide informa- 
tion that reflects changes in survival trends during the last 2 
years of study and that we have not further subdivided 
survival to determine whether significant changes occurred 
in study groups over time. 

Conclusions and 
Recommendations 

Unlike other methods of estimating survival, the applica- 
tion of the Cormack-Jolly-Seber models to the manatee 
photo-identification database has great potential. The sur- 
vival we estimated is concordant with other manatee popu- 
lation data and independent of some of the problems asso- 
ciated with interpretation of mortality from data from 
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carcasses and from aerial counts (Ackerman 1995; Acker- 
man et al. 1995; Garrott et al. 1995; Lefebvre et al. 1995). 
The survival data have a more robust statistical basis, are 
complementary to the survey and carcass counts, and, when 
considered with other aspects of manatee population dy- 
namics, allow a better definition of long-term management 
objectives. We therefore encourage future detailed investi- 
gations of survival estimation that include greater emphasis 
on model selection and hypothesis testing. In addition to 
adult survival, estimation of subadult survival should also 
be investigated. We also recommend that the photo-identi- 
fication data collection and data processing activities be 
continued and enhanced wherever possible. In particular, 
standardizing cataloging criteria among study groups and 
determining whether new sampling procedures in Atlantic 
Coast sites result in higher probabilities of capture values 
should be priorities. Our findings imply that maintenance of 
habitat quality and protective measures such as those long 
instituted on the Crystal River are accompanied by the high 
adult survival that is critical to population growth. Similar 
efforts must be continued or strengthened elsewhere to 
achieve or maintain high adult survival and greater progress 
toward recovery of the Florida manatee. 
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Appendix.      Sighting histories of adult Florida manatees (Trichechus 
manatus latirostris) used in the analyses with the 
Cormack-Jolly-Seber model. 

The estimated survival of the manatees in each study area will change in future analyses as the photo-identification 
database is revised and new sightings and classifications are made every year. Refinements in cataloging criteria and 
other improvements in methodological approaches may cause revisions of estimates. We therefore recorded the database 
that we used for our calculations in this appendix. In each table, the manatees are identified by their catalog numbers, 
consisting of a two-letter code that represents the initial sighting area (for an explanation in abbreviations for place 
names see Beck and Reid 1995) and a three-digit number. The sex of each manatee is then given (M = male, F = female, 
? = unknown) and is followed by the sighting history that consists of a series of 14 single-digit numbers in columns that 
represent each consecutive winter beginning 1977-78 and ending 1990-91. The single-digit numbers are coded as 
follows: 0 = individual not observed that winter; 1 = individual observed alive that winter; 3 = known to die that winter; 
4 = known to die before the following winter. 
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Table A-l. Sighting histories of Florida manatees (Trichechus manatus latirostris) in the Crystal River area in winter. 

ID SEX 
Sighting record 

1977-78 to 1990-91 ID SEX 
Sighting record 

1977-78 to 1990-91 

CR002 M 10011111001000 CR090 F 01100000000000 

CR003 M 11010000001000 CR091 M 00001111111111 

CR004 M 11010000000000 CR093 F 11011111111111 

CR005 M 11111111111101 CR094 M 11111111111111 

CR006 M 11011111110100 CR097 F 01111111111111 

CR009 F 11111113000000 CR099 F 01101111111100 

CR010 M 11011111111111 CR100 M 01111111111111 

CR014 F 11111111100000 CR101 M 01010000111101 

CR016 M 11010111011101 CR104 F 00000111111111 

CR017 M 10011011011100 CR105 F 11111111101010 

CR018 M 00011111111111 CR106 F 00111111011111 

CR019 F 11111111111111 CR107 F 00000011011000 

CR020 M 11111111101111 CR108 M 11111100000000 

CR021 M 11101111111111 CR110 F 01111111011101 

CR022 F 11111111011111 CR111 F 00000010111111 

CR023 M 10111110111111 CR113 M 00000011111111 

CR025 M 11111111111110 CR114 M 01000111111100 

CR026 F 11111111111111 CR117 M 10100000000000 

CR027 F 11110111111111 CRU9 M 00000011011001 

CR028 F 11111111111111 CR120 M 00010000000000 

CR029 F 11100000000000 CR121 F 00000010010101 

CR030 M 11111111111111 CR123 F 00111111111111 

CR031 M 11111111110101 CR125 F 00011111111110 

CR032 F 11111111111111 CR126 F 00000001111101 

CR033 F 11111111011101 CR128 M 00011111011110 

CR034 M 11111111111111 CR130 F 00000001111111 

CR035 F 10000000000000 CR131 F 00111110000000 

CR036 M 11111111000000 CR132 M 00001040000000 

CR037 M 11111111011110 CR133 F 00001111111111 

CR038 M 11110000000000 CR134 F 01101111111111 

CR039 F 11111130000000 CR137 M 00011111400000 

CR040 F 11111111100000 CR138 M 10111111000100 

CR041 F 11011111111111 CR139 F 01001111101110 

CR042 M 11000111111111 CR140 M 01111111111111 

CR043 F 11111111011000 CR141 M 00010111111001 

CR045 F 11111011111100 CR142 M 01011111110000 

CR046 F 11111111111110 CR144 M 00011111011011 

CR047 ? 11100010000000 CR145 M 00111111111011 

CR049 F 11111111111111 CR146 M 00001111111111 

CR051 F 11111100000000 CR147 M 00000001111101 

CR052 M 11011011000000 CR150 F 00000000011111 

CR054 F 11101111011111 CR151 F 00000000010111 

CR058 M 11100100000000 CR152 M 00000000010101 

CR059 M 11110000010000 CR157 F 00000000011111 

CR060 F 11111111100101 CR158 F 00000100000000 

CR061 F 11111111111111 CR159 M 00000011111111 

CR063 M 11111111111111 CR160 F 00111110111111 

CR069 M 11110000000000 CR161 M 00000010101110 

CR070 F 11111111111111 CR162 M 00000001111111 

CR071 F 11111111111111 CR163 M 00000001011100 

CR075 F 11111111011110 CR165 M 00000011101100 

CR078 M 01110111110101 CR166 F 00000100000000 

CR083 F 11111111110000 CR167 M 00000000111110 

CR085 M 11000111111111 CR168 F 00000111011101 

CR087 F 11111111111111 CR169 F 00001111001000 

CR089 M 01111111111101 CR170 M 00000000001111 
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Table A-l. Continued. 

ID SEX 
Sighting record 

1977-78 to 1990-91 ID SEX 
Sighting record 

1977-78 to 1990-91 

CR171 F 00000001110111 CR241 F 00000000000111 
CR172 M 00001111111101 CR242 M 00000000000001 
CR175 M 00000001111111 CR243 M 00000100011010 
CR176 M 00000000111111 CR244 M 00000010111111 
CR177 F 00001110011111 CR245 M 00000000111111 
CR179 F 00101111111111 CR246 M 00000000111100 
CR180 F 00000000001010 CR247 M 00000000000111 
CR181 M 00000000001111 CR248 M 00000000000111 
CR183 M 00000000001111 CR249 M 00000000000011 
CR184 M 00001111111101 CR250 F 00000000011000 
CR185 M 00000010000011 CR251 F 00000000001111 
CR186 F 00000000111110 CR252 M 00000000000111 
CR188 M 00000000101110 CR253 M 00000000011111 
CR189 M 00000000111110 CR254 F 00000000000111 
CR191 F 00000011111110 CR255 F 00000000111111 
CR193 F 00000000001110 CR256 F 00000000011101 
CR194 M 00000001111001 CR257 F 00000000000010 
CR195 M 00000000101101 CR258 M 00000000000001 
CR197 F 00000000111110 CR259 M 00000000000110 
CR198 F 00000000000110 CR260 M 00000000001110 
CR200 M 00000001110100 CR261 M 00000000000111 
CR201 M 00000011111111 CR262 F 00000000010010 
CR202 F 00000000011111 CR263 F 00000000000111 
CR203 F 00000111013000 CR264 M 00000000001111 
CR205 F 00000001111110 CR265 M 00000000000110 
CR207 F 00000111111110 CR266 F 00000000000110 
CR208 M 00000000001110 CR267 M 00000000000011 
CR209 M 00000111111100 CR270 F 00000000010101 
CR210 M 00000000111101 CR271 F 00000000000110 
CR211 F 00000111111111 CR273 M 00000000000100 
CR212 M 00000000111111 CR274 M 00000000001100 
CR214 F 00000000111101 CR275 F 00000001111010 
CR215 M 00000010111111 CR276 M 00000000001101 
CR216 M 00000000011111 CR277 F 00000000000011 
CR217 M 00001001000000 CR278 F 00000000000010 
CR218 M 00000000010101 CR279 M 00000000001000 
CR219 M 00000000011111 CR280 F 00000000111111 
CR220 F 00000000001000 CR281 M 00000000000110 
CR221 M 00000011001000 CR282 F 00000000011100 
CR222 F 00000011000000 CR283 F 00000000000111 
CR223 M 00000000011101 CR284 M 00000000011101 
CR224 M 00000000111111 CR285 M 00000000000111 
CR225 F 00000000000100 CR287 M 00000000001111 
CR226 F 00000000011111 CR288 M 00000000000101 
CR227 F 00000011111111 CR289 M 00000000111000 
CR228 F 00001001100000 CR290 M 00000000111011 
CR229 M 00000000100000 CR292 M 00000000011010 
CR230 M 00000000000010 CR293 M 00000000001111 
CR231 M 00000001011100 CR294 F 00000000001110 
CR232 M 00000001000000 CR295 F 00000001011010 
CR235 F 00000000001111 CR296 M 00000000000100 
CR236 F 00000000011011 CR298 M 00000000101111 
CR237 F 00000001101110 CR299 F 00000000001110 
CR238 F 00000000000111 CR301 M 00000000000111 
CR239 ? 00000001100000 CR302 F 00000000000101 
CR240 F 00000000000101 CR303 F 00000000000111 
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Table A-l. Continued. 

Sighting record Sighting record 

ID SEX 1977-78 to 1990-91 ID SEX 1977-78 to 1990-91 

CR304 F 00000000010110 CR319 M 00000000000111 

CR305 F 00000000000101 CR322 M 00000000001110 

CR307 M 00000000001100 CR323 F 00000000000111 

CR308 M 00000000000110 CR324 F 00000000000001 

CR309 M 00000000000010 CR325 M 00000000011111 

CR310 M 00000000011000 CR326 M 00000000001111 

CR311 F 00000000001100 CR327 M 00000000001111 

CR312 M 00000000000111 CR328 M 00000000000100 

CR313 F 00000000000111 CR329 F 00000000001000 

CR314 M 00000000000100 CR331 M 00000000011000 

CR315 M 00000000000111 CR332 M 00000000000111 
CR316 F 00000000101000 CR333 F 00000000000001 

CR317 F 00000000000110 CR336 M 00000000001101 

CR318 M 00000000000001 
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Table A-2. Sighting histories of Florida manatees {Trichechus manatus latirostris) in the Blue Spring area in winter. 

Sighting record Sighting record 
ID Sex 1977-78 to 1990-91 ID Sex 1977-78 to 1990-91 

BS001 M 00011111111111 BS054 F 00000000001111 
BS002 M 11111111111111 BS055 F 00000000001111 
BS003 M 00111111111111 BS056 F 00000100000100 
BS004 F 11111111111111 BS057 M 00000111111111 
BS005 F 11111111111111 BS058 M 00000110111111 
BS006 M 11111300000000 BS059 M 00000110011113 
BS008 F 11111111100000 BS060 M 00000110111111 
BS009 F 11111111300000 BS063 M 00000000000111 
BS010 M 11111111111111 BS064 M 00000010111111 
BS011 M 11111111111111 BS065 M 00000010111111 
BS013 M 11111111111111 BS066 M 00000010100000 
BS014 M 11111111111111 BS067 M 00000000000011 
BS017 F 11111111111113 BS068 M 00000001111011 
BS019 M 11111111111111 BS069 M 00000001000000 
BS020 M 01110110000000 BS071 M 00000000000011 
BS022 M 11111111111110 BS072 M 00000000000001 
BS023 M 03000000000000 BS073 F 00000000000001 
BS024 F 01111111111111 BS079 M 00000000100000 
BS025 M 00000011111111 BS080 M 00000000101000 
BS026 M 01111110111111 BS081 M 00000000100000 
BS028 M 00000011111111 BS082 M 00000000111111 
BS029 M 00000001111111 BS083 M 00000000111111 
BS030 M 00000001000000 BS086 M 00000000100000 
BS032 M 00111110111111 BS088 M 00000000011110 
BS033 M 00111110111111 BS089 M 00000000000011 
BS034 M 00011010111111 BS090 9 00000000010000 
BS035 M 00000000111111 BS093 M 00000000001000 
BS036 F 00000000113000 BS094 M 00000000001010 
BS037 F 00000000111111 BS104 M 00000000000100 
BS039 F 00010000111000 BS105 M 00000000000100 
BS040 F 00011111011111 BS106 F 00000000000011 
BS041 M 00010000010000 BS107 F 00000000000011 
BS042 M 00010000101111 BS109 F 00000000000001 
BS043 M 00010100000000 BS112 M 00000000000001 
BS045 M 00000000011111 BS114 M 00000000000001 
BS047 M 00000030000000 BS116 ? 00000000000001 
BS049 F 00001111111400 BS117 ? 00000000000010 
BS050 F 00001000000000 BS123 ? 00000000000001 
BS051 M 00001000004000 BS124 F 00000000000003 
BS053 M 00000000001111 
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Table A-3. Sighting histories of Florida manatees (Trichechus manatus latirostris) in the Atlantic Coast area in winter. 

Sighting record Sighting record 
ID Sex 1977-78 to 1990-91 ID Sex 1977-78 to 1990-91 

BC004 ? 00000010000111 BC295 M 00000000000101 
BC009 M 00011101001011 BC296 ? 00000000010110 
BC012 F 00001111101101 BC297 ? 00000000000111 
BC013 ? 00001000001011 BC298 ? 00000000010011 
BC031 F 00111111011101 BC299 ? 00000000000001 
BC057 F 00001001001001 BC300 F 00000000000111 
BC058 F 10000001010011 BC301 F 00000000011111 
BC068 M 00011011110001 BC302 F 00000000000011 
BC085 F OlllOlOlOOOOOO BC303 F 00000000000011 
BC092 ? 00000000010000 BC304 ? 00000000000011 
BC103 F 00000000000001 BC305 M 00000000000001 
BC110 ? 00001000011011 BC306 F 00000000001001 
BC145 ? 00000000000030 BC309 M 00000000000111 
BC146 ? 00000101000400 BC310 ? 00000000000001 
BC155 M 00000000011101 BC311 ? 00000000010011 
BC156 M 00000100101010 BC313 M 00000000000011 
BC179 F 00100011110111 BC314 F 00000000000011 
BC180 F 00001001110111 BC315 F 00000000000010 
BC187 M 00000000001011 BC316 ? 00000000001001 
BC191 ? 00000101110000 BC317 M 00000000001001 
BC200 F 00000101111111 BC319 ? 00000000000101 
BC202 M 00000011101111 BC320 ? 00000000000011 
BC209 ? 00100000000100 BC322 9 00000000000001 
BC216 M 00000001111001 BC323 9 00000000001101 
BC218 M 00000000011104 BC324 ? 00000000001111 
BC229 F 00000011111000 BC325 9 00000000000101 
BC237 F 00000000010000 FPOOl 9 00000000000011 
BC240 ? 00000011000000 FP002 9 00000000000001 
BC246 M 00000100011011 FP003 M 00000000000011 
BC248 F 00000010001110 FP004 ? 00000000000001 
BC249 ? 00000100010000 JXOOl ? 00000100000004 
BC253 M 00000000111111 JX004 M 00000011001101 
BC256 ? 00000011101100 JX014 ? 00000000000100 
BC257 M 00000000001011 JX015 F 00000101000000 
BC258 F 00000011000110 JX019 ? 00000101001000 
BC260 F 00000010001000 JX020 ? 00000001001101 
BC261 ? 00000000010000 JX029 ? 00000000000001 
BC263 F 00000010000000 JX032 ? 00000000001000 
BC264 ? 00000000011010 MI003 ? 00000011110000 
BC265 F 00000010101000 MI006 ? 00000011113000 
BC266 F 00000011100000 MI007 ? 00000000000001 
BC267 F 00000011101100 MI009 ? 00000001000010 
BC268 M 00000000010001 MI012 ? 00000001010000 
BC269 F 00000000000101 MI017 M 00000000011111 
BC271 F 00000001000001 MIO 19 ? 00000000010000 
BC272 9 00000000001100 MI020 F 00000000011000 
BC274 M 00000000000011 MI021 ? 00000000001111 
BC278 ? 00000100100111 MI022 ? 00000000000111 
BC280 F 00000000001101 MI023 ? 00000000001111 
BC281 F 00000000001104 MI024 M 00000000000011 
BC285 F 00000000111000 MI025 ? 00000000000001 
BC287 ? 00000000001001 MI026 F 00000000000001 
BC290 F 00000000001100 MI027 M 00000000000011 
BC291 F 00000000000110 MI028 F 00000000000001 
BC292 ? 00000000000100 MI030 F 00000000001111 
BC293 ? 00000000000011 PE009 F 00000001110011 
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Table A-3. Continued. 

Sighting record Sighting record 
ID Sex 1977-78 to 1990-91 ID Sex 1977-78 to 1990-91 

PE011 F 00001011101111 PE147 F 00000001001000 
PE015 F 00001001101100 PE148 ? 00000000000110 
PE016 F 00001000000011 PE149 F 00000000010001 
PE021 F 00001000000110 PE150 ? 00000001100000 
PE026 ? 00000000100000 PE151 F 00000001100000 
PE032 F 00001100101111 PE152 F 00000000101000 
PE038 F 00001001100001 PE154 F 00000000111111 
PE041 F 00000000100011 PE155 ? 00000000001101 
PE043 F 00001000000010 PE156 ? 00000000101000 
PE045 F 00000001000010 PE157 F 00000000111011 
PE046 F 00000111111100 PE158 M 00000000100003 
PE047 F 00000101010000 PE159 F 00000000100011 
PE049 F 00000101000000 PE160 ? 00000001100000 
PE051 ? 00000000001010 PE161 F 00000001100000 
PE052 F 00000101001101 PE162 ? 00000000000101 
PE056 F 10000111101111 PE163 F 00000001100010 
PE064 ? 00000000100000 PE164 M 00000000011001 
PE065 F 00000001111111 PE165 F 00000000110111 
PE069 F 00000101111101 PE166 F 00000000000011 
PE073 ? 00000001100001 PE167 F 00000001110000 
PE076 M 00000000100111 PE168 F 00000000010000 
PE077 F 00000100000000 PE171 ? 00000000110000 
PE082 ? 00000110000000 PE172 F 00000000011111 
PE094 ? 00000000111000 PE173 F 00000000010000 
PE095 ? 00000001100000 PE174 F 00000000010100 
PE096 ? 00000000100000 PE175 F 00000000000011 
PE098 ? 00000011000000 PE176 M 00000000000111 
PE099 F 00000000110111 PE178 ? 00000000000011 
PE102 F 00000011000001 PE179 ? 00000000000011 
PE103 ? 00000000101110 PE180 M 00000000001111 
PE105 F 00000001110111 RB006 F 00000000001000 
PE106 F 00000001110001 RB007 F 00000001100000 
PE107 M 00000000110110 RB027 F 00000001000111 
PE112 F 00000001001101 RB031 F 00000001001000 
PE114 F 00000001010000 RB045 M 00000001011011 
PE117 ? 00000000000111 RB046 F 00000000101000 
PE119 F 00000011111101 RB048 F 00000001011010 
PE120 F 00000001111101 RB050 F 00000100011001 
PE121 F 00000101010000 RB059 M 00000000000001 
PE123 F 00000001000000 RB068 F 00000101010111 
PE125 ? 00000000010001 RB069 ? 00000000100000 
PE127 ? 00000001100000 RB071 F 00000001101001 
PE128 ? 00000001111011 RB101 F 00000000010000 
PE130 ? 00000000011111 RBI 16 F 00000001100000 
PE131 F 00000001100000 RB131 F 00000101101011 
PE132 M 00000000010001 RBI 32 ? 00000001100000 
PE133 ? 00000001100001 RBI 37 ? 00000100000000 
PE134 ? 00000001110001 RBI 56 ? 00000001001000 
PE135 F 00000001000001 RBI 60 F 00000100000101 
PE136 F 00000000000101 RBI 65 F 00000001111011 
PE138 F 00000001100000 RB229 F 00010000110000 
PE139 ? 00000000100000 RB257 F 00000001011011 
PE143 ? 00000001010010 RB260 F 00001101011011 
PE144 ? 00000001101000 RB264 F 00000000100000 
PE145 F 00000001111111 RB265 F 00000000001011 
PE146 F 00000000001000 RB268 ? 00000001000000 
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Table A-3. Continued. 

Sighting record Sighting record 

ID Sex 1977-78 to 1990-91 ID Sex 1977-78 to 1990-91 

RB274 F 00000101111000 RB413 F 00000000001000 

RB279 F 00000100000001 RB415 F 00000001000000 

RB280 M 00000001101011 RB416 ? 00000001000000 

RB281 M 00000001100000 RB417 ? 00000001000000 

RB283 ? 00000000001010 RB418 ? 00000001000001 

RB284 ? 00000001000000 RB419 F 00000001101100 

RB289 F 00000000010001 RB420 M 00000000001010 

RB294 ? 00000000100000 RB421 ? 00000000001010 

RB295 M 00000001011010 RB422 F 00000001101100 

RB297 F 00000000101010 RB424 F 00000001100000 

RB301 F 00001101100010 RB425 ? 00000001300000 

RB302 F 00000001000000 RB426 9 00000000001000 

RB304 F 00000100000000 RB428 ? 00000000001000 

RB306 F 00000000011000 RB429 M 00000000001000 

RB308 F 00000100000001 RB430 F 00000001101000 

RB311 9 00000100000000 RB431 F 00000000110000 

RB312 M 00000000011111 RB433 ? 00000000010000 

RB315 ? 00000000001000 RB434 F 00000000100000 

RB320 F 00000000010000 RB435 F 00000000100010 

RB321 F 00000000101000 RB436 F 00000001110000 

RB322 ? 00000000010000 RB437 F 00000000100000 

RB323 ? 00000000111011 RB439 F 00000000100001 

RB324 ? 00000101101001 RB442 M 00000001101011 

RB327 M 00000000001001 RB443 F 00000000111010 

RB329 F 00000001000000 RB444 M 00000000010011 

RB330 ? 00000000000010 RB445 M 00000000010000 

RB334 F 00000000010000 RB447 F 00000000110000 

RB337 M 00000001110000 RB449 F 00000000110001 

RB349 ? 00000011001010 RB450 M 00000000110000 

RB350 9 00000001000000 RB451 F 00000000101001 

RB353 F 00001001111011 RB452 F 00000000110010 

RB368 ? 00000001111110 RB453 ? 00000000111000 

RB377 F 00001000011000 RB454 F 00000000001010 

RB378 F 00001000000000 RB455 ? 00000000011000 

RB379 ? 00000001000000 RB456 F 00000000011010 

RB383 F 00000001000000 RB457 F 00000000010010 

RB385 ? 00000001101000 RB458 F 00000000010000 

RB387 F 00000000000001 RB459 F 00000000011011 

RB388 ? 00000001010000 RB460 ? 00000000010100 

RB389 ? 00000001101400 RB461 F 00000000001010 

RB390 F 00000000000111 RB462 M 00000000000001 

RB391 F 00000000001111 RB463 F 00000000000011 

RB392 ? 00000001000000 RB464 ? 00000000000001 

RB395 ? 00000000001010 RB465 F 00000000001110 

RB396 M 00000000001004 RB466 M 00000000001100 

RB397 F 00000001010001 RB467 F 00000000000011 

RB398 F 00000001000000 RB468 F 00000000010010 

RB401 F 00000001000000 RB469 F 00000000000011 

RB403 M 00000000001001 RB471 F 00000000001000 

RB404 F 00000001000000 RB472 ? 00000000000011 

RB405 F 00000001000000 RB473 F 00000000001001 

RB407 ? 00000001000000 RB474 M 00000000001011 

RB409 ? 00000000010000 RB475 ? 00000000000001 

RB410 ? 00000000100000 RB476 F 00000000000101 

RB411 F 00000001001101 RB477 ? 00000000001001 

RB412 M 00000000001000 RB478 F 00000000001001 
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Table A-3. Continued. 

ID Sex 
Sighting record 

1977-78 to 1990-91 ID Sex 
Sighting record 

1977-78 to 1990-91 
RB479 
RB480 
RB481 
RB482 
RB483 

F 
F 
M 
M 
M 

00000000000001 
00000001001000 
00000000000011 
00000000001011 
00000000001111 

BC069 
JX012 
RB441 
RB310 
BC176 
BS085 

F 
F 
F 
M 
F 
F 

00000114000000 
00000300000000 
00000000140000 
00000103000000 
00300000000000 
00000000001130 
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Abstract. During 1974-92, we recorded 2,074 carcasses of the endangered Florida manatee 
(Trichechus manatus latirostris) in Florida and an additional 69 carcasses in seven other southeastern 
states and Puerto Rico. The number of recovered carcasses increased steadily at 5.9%/year (exponential 
regression; 1976-92) while the size of the human population (2.7%/year) and the number of registered 
watercraft (3.4%/year) in Florida increased less rapidly. Deaths from collisions with watercraft 
increased at 9.3%/year. Deaths of perinatal calves from any cause increased at 11.9%/year. Two less 
common categories of cause of death—crushing or drowning in flood-control gates and canal locks 
and other human-related causes—did not change significantly. However, deaths in these categories 
decreased more than deaths from other causes. The causes of the remaining deaths were natural or 

' Now with National Biological Service, same address. 
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were undetermined because of the decomposition of the carcasses. Deaths of 30 or more manatees in 
four winters were attributed to severe cold. Deaths in a fifth winter were attributed to red-tide toxicity. 
Analysis of contingency tables with log-linear models was used to assess patterns in number of deaths 
by cause of death, carcass length, sex, season, region, degree of decomposition, and three time periods 
(1976-81, 1981-86, 1986-92). Watercraft-related mortality was highest in eastern Florida but had 
increased most rapidly in southwestern Florida. In the most recent time period, anthropogenic mortality 
was greater in warm months, and natural mortality was greater in winter. Anthropogenic mortality was 
greater on the eastern coast and disproportionately affected adult manatees. The mortality data 
presented here are widely used for the protection of manatees. Threats to manatees and their habitat 
are expected to increase, and conservation must be continued. 

Key words: Catastrophe, mortality, perinatal, trends, Trichechus manatus latirostris, watercraft 
collision, Florida manatee. 

A long-term study of manatee (Trichechus manatus 
latirostris) mortality, which included intensive recovery 
of carcasses, has been conducted in Florida since 1974. 
The purposes are the recovery of all dead manatees from 
Florida and other states, the determination of the causes of 
death, and the maintenance of a detailed database of infor- 
mation for agencies and other parties concerned with the 
management and conservation of manatees. Odell and 
Reynolds (1979), Beck et al. (*21981), and *Irvine et al. 
(1981) recorded data from the early years and O'Shea et al. 
(1985) provided the first detailed statistical analysis of 
data on mortality. We evaluated long-term trends and 
patterns of manatee mortality in Florida through 1992 by 
cause of death, geographic location, sex, carcass size, 
season, time period, and degree of carcass decomposition. 

Methods 

Data on deaths of manatees were collected through 
December 1992. Carcass recovery was conducted by the 
U.S. Fish and Wildlife Service and the University of 
Miami from 1974 to 1985 and by the Florida Department 
of Environmental Protection from July 1985 to the present. 
We analyzed the number of deaths by cause of death, 
region, time period, season, sex, size class, and carcass 
condition. 

Necropsies in the field and in the laboratory were 
conducted to determine probable cause of death. Stand- 
ardized techniques for necropsies were followed (*Bonde 
et al. 1983; O'Shea et al. 1985). Basic procedures were as 
consistent as possible but were improved throughout the 
study. Carcasses were measured and tissue samples were 
taken for histological examination. Some carcasses were 
weighed. The date a carcass was first reported to authori- 
ties and its first reported location were used in our analy- 
ses. More precise dates and locations of deaths usually 
could not be determined. When the date of reporting was 

' An asterisk denotes unpublished material. 

not known or recorded, the date of the carcass recovery 
was used. Locations where carcasses were first reported 
were digitized and entered into the Marine Resources 
Geographic Information System of the Florida Depart- 
ment of Environmental Protection (Weigle and Haddad 
1990) with ARC/INFO Version 6.1 software (Environ- 
mental Systems Research Institute, Inc., Redlands, Cali- 
fornia). 

Causes of Death 

Each case was assigned to one of six long-standing 
categories of cause of death: watercraft, gate or lock, other 
human-related, other natural, and undetermined (O'Shea 
et al. 1985). Various causes of death of perinatal manatees 
were grouped in a category called deaths of perinatal 
manatees. The causes of death of perinatal manatees were 
often not determined but were listed in a separate category 
to distinguish them from the undetermined-cause-of-death 
category of adult manatees. Dead perinatal manatees were 
largely stillbirths and neonates (often characterized by the 
presence of meconium in the digestive tracts and by un- 
healed umbilici) or diseased or orphaned young. Cause of 
death from watercraft propellers, flood gates, nets, and 
similar structures and objects usually could be determined 
by gross examinations of external wounds; cause of death 
from broken ribs, internal injuries, hemorrhage, depletion 
of fat stores, and other lesions was determined by internal 
examination (Odell and Reynolds 1979; Beck et al. 1982; 
*Bonde et al. 1983; O'Shea et al. 1985). Samples from 
some fresh carcasses were tested for the presence of heavy 
metals, organic compounds, pesticides, and other contami- 
nants (O'Shea et al. 1984). When the carcass condition 
allowed them, samples of microbiological cultures were 
collected to further substantiate diagnoses. The advanced 
state of decomposition of nearly half the carcasses often 
precluded detailed examination. Some cause-of-death 
categories were revised over time, and some past records 
were revised to be consistent with current practices. 
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Human-related Causes of Death 

Collisions with watercrafi. Deaths of manatees from 
collisions of watercraft included deaths from collisions with 
large and small boats, barges, and other vessels, and the 
carcasses were characterized by deep propeller wounds, 
massive internal injuries, or infections from lesser wounds 
(Beck et al. 1982; *Bonde et al. 1983; O'Shea et al. 1985). 
Deaths from watercraft were separated into those caused 
principally by propeller wounds, by only the impact of the 
collision, or by both (Beck et al. 1982; Wright et al. 1995). 

Flood gates and canal locks. This category included 
manatees that were accidentally killed when they were 
crushed or asphyxiated in flood-control gates and naviga- 
tion-canal locks (Odell and Reynolds 1979; *Bonde et al. 
1983; O'Shea et al. 1985). 

Other human-related causes. This category included 
deaths from a wide variety of other anthropogenic causes 
including poaching, vandalism, entanglement of manatees 
in nets and lines, entrapment of manatees in other structures 
such as pipes and culverts, and ingestion of fishing gear or 
debris (*Bonde et al. 1983; Buergelt et al. 1984; Laist 1987; 
Beck and Barros 1991). Some deaths were included here 
based on unidentifiable massive trauma that was not attrib- 
utable specifically to either watercraft collisions or to water- 
control structures. 

Natural Causes of Death 

Deaths of perinatal manatees. Perinatal manatees that 
died of natural causes near birth or within a few months of 
birth were placed in this category. These included presumed 
natural deaths of manatees of 150 cm total length (TL) or 
shorter (*Bonde et al. 1983; O'Shea et al. 1985), including 
almost all recorded neonates. Stillbirths and aborted fetuses 
were also included in this category. Seven carcasses of 
neonates that were unusually long (151 -160 cm) but showed 
evidence of having been bom recently were also listed in this 
category. No methods currently exist to estimate the ages of 
fetuses and calves under the age of 1 year. Perinatal mana- 
tees can die from poor neonatal nutrition, infection of the 
umbilicus, diarrhea, or bacterial infection (*Bonde et al. 
1983). Some may die from separation from the mother 
(abandonment, orphaning). Cause of death was often unde- 
termined because of advanced autolysis. Decomposition of 
small carcasses can be rapid. 

In utero fetuses were measured but not included in analy- 
ses. However, small carcasses that were found separated 
from an adult female's body were judged to be premature, 
spontaneously aborted fetuses, or full-term natural births 
and were included in the analyses. Nine 42-86-cm-long 
carcasses believed to be aborted fetuses were formerly cate- 
gorized in the other natural category (1976-89) as described 
by Bonde et al. (*1983). In later years, aborted fetuses were 
placed in the category of deaths of perinatal manatees. These 

nine carcasses were therefore re-categorized in accordance 
with current practice. 

Other natural causes of death. Deaths from natural 
causes (e.g., disease, low temperatures, red tide, starvation, 
complications during parturition, and non-anthropogenic 
injuries; *Bonde et al. 1983) of animals that were longer 
than 150 cm were placed in this category. Mortality from 
low temperatures can result from either long- or short-term 
exposure. Long-term exposure to moderately cold tempera- 
tures can cause manatees to cease feeding, expend fat re- 
serves, starve, and slowly die (Buergelt et al. 1984; O'Shea 
et al. 1985.) Carcasses exhibit reduced fat reserves, 
cachexia, and little food in digestive tracts. Buergelt et al. 
(1984) and O'Shea et al. (1985) suggested that subadults 
(see definition under Death by Sex and Size Class) and 
injured or nutritionally stressed animals are most vulnerable 
because of their lowered capacity for heat production, insuf- 
ficient fat reserves, minimal insulation, and inadequate ex- 
perience in finding warm-water refuges. In contrast, death 
from hypothermia can result from short-term exposure to 
cold temperatures and leaves no diagnostic features (O'Shea 
et al. 1985). Hypothermia may affect manatees of all ages. 

During 1974-80, the cause of death from low tempera- 
tures was categorized as undetermined; during 1981-85, it 
was categorized as other natural (O'Shea et al. 1985); and 
since 1986, it has been placed in a separate subcategory of 
the other natural causes. This change in coding was made 
because of improved information about cold-related mortal- 
ity (Buergelt et al. 1984; O'Shea et al. 1985) but confounded 
the other natural and undetermined categories. This caused 
major shifts in the relative proportions of deaths in these 
three categories. 

Undetermined Causes of Death 

Deaths for which a cause could not be determined (often 
because of advanced decomposition of the carcass) were 
classified as undetermined (*Bonde et al. 1983). A small 
number of carcasses was seen and verified by biologists but 
could not be recovered for necropsy (verified, not-recov- 
ered). These were included in the category of undetermined 
causes. 

Deaths by Region 

Florida was divided into four regions (O'Shea et al. 
1985). The northern region was separated from the southern 
regions at latitude 27° 39' N. At longitude 82° 00' W, the 
northwestern region was separated from the northeastern 
regions. The northeastern region included the St. Johns 
River. The southeastern region was separated from the 
southwestern region at longitude 80° 53' W, which divides 
the state from western Monroe County east of Flamingo 
through Lake Okeechobee. For some analyses, data were 
pooled into eastern and western Florida. 
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Deaths by Time Period 

O'Shea et al. (1985) analyzed 5 separate years of data 
and began each year in April to avoid dividing mortality 
in winter across 2 calendar years. Much of their variability 
resulted from large mortality events in 2 particular years 
(1976-77, 1980-81), therefore, we examined mortalities 
on a longer timescale. We examined three time periods: 
April 1976-March 1981 (5 years; data analyzed by 
O'Shea et al. 1985); April 1981-March 1986 (5 years); 
April 1986-March 1992 (6 years). 

Deaths by Season 

Deaths were also analyzed by four seasons following 
O'Shea et al. (1985): spring (April-June), summer (July- 
September), fall (October-December), and winter (Janu- 
ary-March). One case was omitted here because the 
month in which the carcass was reported was not known. 

Deaths by Sex and Size Class 

Mortality was analyzed by sex and three size classes 
defined by O'Shea et al. (1985): aborted fetuses and depend- 
ent calves (42-175 cm TL), subadults (176-275 cm), and 
adults (276-411 cm). These life-stage designations were 
based on observations of lengths at weaning and on first- 
known breeding in identifiable wild animals. They were also 
supported by length measurements made through time on 
free-swimming, identifiable, known-age animals (O'Shea 
and Reep 1990). Cases were omitted from analyses by sex 
and size if sex or lengths of the carcasses were unknown. 

Deaths by Carcass Condition 

Stage of decomposition was based on carcass condition 
at necropsy (*Bonde et al. 1983). Carcass condition was 
rated by six codes during current necropsy protocols. These 
codes were pooled into three for analysis with log-linear 
models: fresh (codes 1, 2), moderately decomposed (code 
3), and badly decomposed (codes 4,5, and 6, only dried skin 
and bones). 

Watercraft Data 

Data on Florida watercraft were obtained to investi- 
gate relations between trends in watercraft-related 
deaths and boating. Annual summaries (July to June) of 
the number of pleasure and commercial watercraft reg- 
istered in Florida by county and watercraft size-class 
were obtained from the Bureau of Vessel Titling and 
Registration of the Florida Department of Environmental 
Protection. Watercraft must be registered if they have an 
engine or are 4.8 m long or longer. Trends in watercraft 
data from 1976-77 to 1992-93 (July to June, ending 
June 1993) were analyzed. 

Statistical Analyses 

Mortality data were entered in dBase III Plus (Ashton- 
Tate Corp., Torrance, California) and then transferred to 
the mainframe computer system of the Department of 
Environmental Protection or to personal computers. 
Analyses were conducted with the PC SAS Version 6.03 
(SAS Institute 1988). The SAS Procedure GLM was used 
for linear and exponential regressions (SAS Institute 
1988). 

Trend Analysis 

Exponential regression. Because yearly trends in the 
number of deaths in each category were often nonlinear, they 
were determined with exponential regression analysis 
(which fit most data sets better than linear regression). 
Exponential regressions of annual counts by category were: 

count = a x ebt, (1) 

which is equivalent to the linear regression form, 

ln(count) = ln(fl) + bt, (2) 

where t is the year and ln(a) and b are the respective linear 
regression coefficients of intercept and slope (Eberhardt 
and Simmons 1992). The annual percentage change in 
numbers each year is 

(e -1) x 100%. (3) 

Zero counts are not permissible in exponential regres- 
sion because ln(0) is undefined (Zar 1974). When zero 
counts occurred in a regression, the standard ln(jc + 1) 
transformation was used. Data were back-transformed 
for plotting. As recommended by Irvine et al. (*1981), 
trends were analyzed only from 1976 to 1992 to elimi- 
nate bias seemingly caused by low recovery rates during 
the 2 initial years of carcass recovery (1974-75). 

Trend analysis excluding catastrophic deaths. Cata- 
strophic deaths are defined here as relatively large num- 
bers of deaths at one time as the result of unpredictable 
events. More than 30 such deaths occurred in each of 5 
years during 1974-92. These large and variable numbers 
of deaths in some years weaken analyses of trends in 
deaths from other causes. To reduce this source of vari- 
ability, we omitted all deaths that were related to cold 
and deaths from red tides and recalculated trends in the 
remaining noncatastrophic deaths with exponential re- 
gression. This provided a smoother baseline from which 
to assess the relative proportions of other causes of death 
(Draper and Smith 1981). However, there were two 
complications. First, deaths from low temperatures in a 
severe winter often extended from December of one 
calendar year to February of the next. Therefore, deaths 
were tabulated over annual periods extending from April 
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of one year through March of the next (O'Shea et al. 
1985). Second, deaths from low temperatures have only 
been specifically categorized in the mortality database 
since January 1986. 

Log-linear Models and Associations Among 
Categorical Variables 

Analyses for determining associations among various 
categorical variables characterizing manatee deaths 
were performed with multidimensional contingency ta- 
bles (Bishop et al. 1975) following the procedures of 
O'Shea et al. (1985). The objective was to determine 
whether patterns of mortality in each cause-of-death 
category varied by geographic region, season, sex, size 
class, carcass condition, or time period. O'Shea et al. 
(1985) analyzed a multidimensional contingency table 
with data on manatee deaths in Florida from April 1976 
to March 1981. They used 2-5-way log-linear model 
tests of interactions (with BMDP software). We deter- 
mined whether the patterns of mortality revealed by that 
analysis changed during 1982-92. 

Analysis closely followed that of O'Shea et al. 
(1985). Two-way tables were made of all combinations 
of cause of death and the five other factors. Multi-way 
models with three time periods were used to determine 
whether the patterns within each pairwise table had re- 
mained similar during the subsequent 11 years. Three- 
and four-way tables were analyzed by fitting log-linear 
models to the observed cell frequencies (Bishop et al. 
1975). All variables were considered to be independent 
factors; none was considered to be a dependent response 
variable. Multi-way models were simplified when possi- 
ble by sequentially deleting nonsignificant interaction 
terms (backwards step wise regression). Models were 
hierarchical; any model that included factors in a higher- 
order interaction term was required to also include all 
possible lower-order terms involving those factors. The 
most parsimonious model was obtained from each three- 
way model. The selected model in each case was the 
simplest model that adequately fit the data (a = 0.05). 
Significant interactions (associations) were assessed as 
appropriate to the remaining interaction terms. Signifi- 
cant interactions in three-way models were interpreted 
from standardized parameter estimates [5(A)] of log-lin- 
ear models (Everitt 1977:97-99). Significant relations in 
two-way tables were identified by standardized residuals 
(Everitt 1977:46-48). Cells with higher-than-expected 
mortality were determined based on magnitude of stand- 
ardized log-linear model parameter estimates (Everitt 
1977; Upton 1978). Computations were done with SAS 
procedures FREQ (2-way) and CATMOD (3- and 4-way; 
SAS Institute 1988). 

Results and Discussion 

We recorded 2,074 manatee carcasses in Florida from 
1974 through 1992 (Table 1). Reports on 69 deaths in seven 
other states and Puerto Rico were also obtained (Table 2) 
but were not included in the analyses. 

Trends by Cause of Death 

Total annual deaths increased an average of 5.9%/year 
from 1976 to 1992 (r2 = 0.69, P = 0.0001; Table 3; Fig. 1). 
Record numbers of deaths occurred in 1988,1989,and 1990, 
but the number of deaths declined in 1991 and 1992. Deaths 
from collisions with watercraft and deaths of perinatal mana- 
tees increased most and were also the two most common 
causes of death. 

Human-related Causes of Death 

The three categories of human-related causes of death of 
manatees (collisions with watercraft, deaths in floodgates 
and canal locks, and other human-related) were the largest 
percentage of all deaths from identifiable causes (45% of 
determined causes, 34% of total deaths; 1986-92; Table 4). 

Collisions with watercraft. Death from collisions with 
watercraft was the largest category of identified causes. 
Deaths in this category increased at 9.3%/year (r = 0.79, P 
= 0.0001; Table 3; Fig. 2) and increased as a percentage of 
all deaths from 21% in 1976-80 to 28% in 1986-92 (Ta- 
ble 4). The number of manatees killed in watercraft colli- 
sions began to drastically increase in 1984; however, the 
cause for this sudden increase remains unknown. Watercraft 
collisions caused 83% of deaths from all human-related 
causes (1986-92) and 37% of all deaths from identified 
causes. 

The number of manatees killed in collisions with water- 
craft each year correlated with the total number of pleasure 
and commercial watercraft registered in Florida from July 
1976 to June 1993 (r2 = 0.87, n = 17 years, P = 0.0001, 
linear regression; Table 3; Fig. 3). The number of watercraft 
registered in Florida increased at 3.4%/year from 447,000 in 
1976-77 to a peak of 718,500 in 1989-90 (exponential 
regression, r2 = 0.97, n = 17 years, P = 0.0001; Table 3; 
Fig. 4). Watercraft registrations declined to 715,500 during 
1992-93. The number of registered and unregistered water- 
craft in Florida increased to nearly one million in recent 
years because some watercraft do not require registration if 
they are shorter than 4.8 m and not powered or if they are 
owned by seasonal visitors from out-of-state (Florida De- 
partment of Environmental Protection Marine Patrol, un- 
published data). 

Flood gates and canal locks. Manatee deaths in gates and 
locks decreased slightly (1.3% year; Table 3; Fig. 2). The 
number of deaths was small in most years (0-9/year), and 



228    INFORMATION AND TECHNOLOGY REPORT 1 

S 

0\   nS 

3 S 

E 

N a M vi oo n m     ^ 
Noo«(<ioooh    r- 

oo ui * a o a >o 
to ■*       <-i ■* 

o to «/■> o\ 
m to 

to r- •♦ CN 
TT to 

to to 

H n 9i 
— to 

to to i-i r~ 
to ts 

to to to to 
to «N 

■*   to  -H  vo 
to w 

«MflOO 

O   fO   -H   m 
tN -H 

TJ-  CN  ■*  to 
tN -H 

vo oo ts •* 

^ » a a 

2-ffi <*  a 

<3\ 

'-< a\ « o        to o 
tN -. § 

rt o     "* 

O   ^" V"> *"H 

VD   i-i   —i  00 

S    2     1 —    °     p 

si I sis! 

u 
s S ^ 'C 2 £ 'S 
?EO>UOD 

3 ea 

2      * 

ON 
r- 
*—I 

B 
(8 
EO 
4> 

'S 
60 
<0 
4-* 
ea 
u 
c 
> 

>> 

•O 
•c o 
E 
c -d 

3  5 

ca * 

co Co 
•O CN 

8 H 
'S s 
S o 
§2 

li 
o ■« M a 
U   ea 

■S  ii 

c 
S 
a 

-« 
o 
<u •« 

£ 
o 
4-* 
at a 
e 

3 
2 

ii 
08 
H 

<n      n- to t~ ■* oo tN  «-<  to  to 
to 

—   •* ~ 

<-< -H       in 

rt Tj- 

5 

«     ft« , I .«-a u u .2 
« 
$8% M 5 

A  00 > 1 

e 

I 
o 

i 
8 

■S 
.s 
•g 

M 

1 

B 
9 

I 

■S 
c 

43 

E 

■a 
c 9 

•a 
•a 

.3 

o 

•S 
o 



BRUCE B. ACKERMAN ET AL.    229 

Table 3. Trends in manatee (Trichechus manatus latirostris) deaths in Florida by cause of death, 1976-1992. 
Exponential regression values are given (sample size n, regression coefficient b, SE(fe), annual change [%/year], r , 
P). r is given for linear regression for comparison. Catastrophic deaths (low temperature, red tide) were adjusted 
with the best available information. 

Exponential Linear 

Years Cause of death n b SE(Z>) %/year r2 P r2 

1976-92 All causes 17 0.057 0.010 5.9 0.69 0.0001* 0.71 

(calendar) Watercraft 17 0.089 0.012 9.3 0.79 0.0001* 0.82 

(1/76-12/92) Rood gate/canal lock 17 -0.013 0.025 -1.3 0.02 0.59 0.03 

Other human, ln(x+l) 17 0.048 0.029 4.9 0.16 0.12 0.07 
Various perinatal 17 0.111 0.009 11.7 0.91 0.0001* 0.89 
Other natural3 17 0.193 0.037 21.2 0.65 0.0001* 0.35 

(including cold 
related 1986-92) 

Undetermined3 17 -0.001 0.019 -0.1 0.00 0.94 0.02 

Verified, not recovered 17 -0.170 0.035 -15.7 0.61 0.0002* 0.53 

1976-92 All causes 16 0.050 0.011 5.3 0.58 0.0006* 0.60 
(April to March) All causes (excluding 16 0.059 0.009 6.1 0.79 0.0001* 0.78 
(4/76-3/92) catastrophic deaths) 

Watercraft 16 0.090 0.007 9.4 0.92 0.0001* 0.90 
Catastrophic (cold 16 0.016 0.100 1.6 0.00 0.88 0.01 

related, red tide) 
Other natural3 (excluding 16 0.142 0.033 15.3 0.58 0.0006* 0.60 

catastrophic deaths) 
Undetermined3 (excluding 16 0.009 0.016 0.9 0.02 0.60 0.01 

catastrophic) and verified, 
not recovered deaths 

1976-93 Watercraft registrations 17 0.034 0.002 3.4 0.97 0.0001* 0.96 
(July to June) 
(7/76-6/93) 

Trends of other natural and undetermined deaths are confounded because of improvements in diagnostic procedures through time. 
Indicates statistical significance of regression at P < 0.05. 

Q 

200 

150 - 

100 

50 - 

Fig. 1. Trends in the number of deaths of 
Florida manatees (Trichechus manatus la- 
tirostris) from all causes, Florida, calendar 
years 1976-1992 (exponential regres- 
sion). 
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Table 4. Number of manatee (Trichechus manatus latirostris) deaths by four time periods (calendar years) and six 
categories, Florida, 1974-1992. 

Cause of death 

Time period 
Watercraft 
collision 

Flood gate/ 
canal lock Other human 

Various 
perinatal Other natural   1 Undetermined Total 

Number of deaths in time period 

(1974-75) 
(1976-80) 
(1981-85) 
(1986-92) 

9 
84 

126 
303 

1 
35 
18 
35 

3 
17 
14 
28 

8 
57 
95 

274 

0 
13 
97 

182 

15 
194 
208 
258 

36 
400 
558 

1,080 

Total 522 89 62 434 292 675 2,074 

Mean number of deaths per year 

(1974-75) 
(1976-80) 
(1981-85) 
(1986-92) 

4.5 
16.8 
25.2 
43.3 

0.5 
7.0 
3.6 
5.0 

1.5 
3.4 
2.8 
4.0 

4.0 
11.4 
19.0 
39.1 

0.0 
2.6 

19.4 
26.0 

7.5 
38.8 
41.6 
36.9 

18.0 
80.0 

111.6 
154.3 

Total 27.5 4.7 3.3 22.8 15.4 35.5 109.2 

Percentage of deaths by category 

(1974-75) 
(1976-80) 
(1981-85) 
(1986-92) 

25.0 
21.0 
22.6 
28.1 

2.8 
8.8 
3.2 
3.2 

8.3 
4.3 
2.5 
2.6 

22.2 
14.3 
17.0 
25.4 

0.0 
3.3 

17.4 
16.9 

41.7 
48.5 
37.3 
23.9 

100.0 
100.0 
100.0 
100.0 

Total 25.2 4.3 3.0 20.9 14.1 32.5 100.0 

Comparison of deaths by 
combined categories (%) 

Time period 
Watercraft + 

all human 
Watercraft + 

total 
Watercraft + 

all determined 
All 

human +• total 
All human + 

all determined All natural3 -i-total 

(1974^75) 
(1976-80) 
(1981-85) 
(1986-92) 

69.2 
61.8 
79.7 
82.8 

25.0 
21.0 
22.6 
28.1 

42.9 
40.8 
36.0 
36.9 

36.1 
34.0 
28.3 
33.9 

61.9 
66.0 
45.1 
44.5 

63.9 
66.0 
71.7 
66.1 

Total 77.6 25.2 37.3 32.4 48.1 67.6 

' All natural causes of death include various perinatal, other natural, and undetermined causes. 
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Fig. 2. Trends in the number of deaths of Florida 
manatees (Trichechus manatus latirostris) 
from collisions with watercraft (circles) and 
from flood gates and canal locks (combined; 
squares), Florida, calendar years 1976— 
1992 (exponential regression). 

Year 
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Fig. 3. Regression of Florida manatee 
(Trichechus manatus latirostris) deaths 
from collisions with watercraft (calendar 
years) and number of registered watercraft 
(xl.000, July-June), Florida, 1976-1992 
(linear regression). 

re 
Q 

Watercraft deaths 

800 

700 

600 

- 500 

400 

300 

200 

100 

w 

in 

76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 

Year 

Fig. 4. Trends in Florida manatee (Trichechus 
manatus latirostris) deaths from collisions 
with watercraft (circles, calendar years) and 
the number of registered watercraft (dia- 
monds, x 10,000, July-June), Florida, 1976- 
1992 (exponential regression). 

deaths as a percentage declined from 9% in 1976-80 to 3% 
in 1986-92 (Table 4). 

Other human-related causes. The number of other hu- 
man-related deaths was small (0-9/year, maximum of 
6 since 1980). The number of deaths in this category did not 
change (+4.9%/year, r2 = 0.16, P = 0.12; Table 3; Fig. 5). 
Other human-related causes of deaths were 3% of all deaths 
during 1986-92 (Table 4). 

Natural Causes of Death 

Deaths of perinatal manatees. Deaths of perinatal mana- 
tees were 25% of all deaths in 1986-92, increasing at 
11.7%/year (r2 = 0.91, P = 0.0001; Table 3; Fig. 5). Deaths 
of perinatal manatees increased as a percentage from 14% 
in 1976-80 to 25% in 1986-92 (Table 4). 

Other natural causes of death. Deaths from all other 
natural causes were 17% of all deaths in 1986-92 (Fig. 6), 
increasing from 3% in 1976-80 (Table 4). A rapid and 
significant increase of 21.2%/year (r2 = 0.65, P = 0.0001; 

Table 3; Fig. 6) was deemed invalid because of changes in 
categorization of certain natural causes over time. 

Undetermined Causes of Death 

Deaths from undetermined causes were 24% of all deaths 
during 1986-92. The number of undetermined deaths did 
not change significantly (Table 3; Fig. 6). However the per- 
centage of all deaths classified as undetermined dropped 
substantially from 49% in 1976-80 to 24% in 1986-92 
(Table 4). Numbers in the other-natural and undetermined 
categories showed an inverse relation through time (Fig. 6). 
As diagnostic procedures improved, more deaths were as- 
signed to specific natural causes and deaths from undeter- 
mined causes decreased (Table 4; Fig. 6). Deaths that were 
classified as verified-not recovered declined at -15.7%/year 
(r2 = 0.61, P = 0.0002) as the efficiency of the recovery 
network improved. Deaths in this category were most fre- 
quent in 1976 and 1977 and were rare in recent years 
(0-2/year since 1987). 
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Fig. 5. Trends in the number of deaths of peri- 
natal calves (circles) and in the number of 
deaths from other human-related causes 
(squares) in Florida manatees (Trichechus 
manatus latirostris), Florida, calendar years 
1976-1992 (exponential regression). 

Fig. 6. Trends in the number of deaths of Florida 
manatees (Trichechus manatus latirostris) 
from undetermined causes (circles) and 
from other natural causes (squares), Florida, 
calendar years 1976-1992 (exponential re- 
gression). 

Trends in Non-catastrophic Deaths 

Total deaths increased at 5.3%/year from 1976-77 to 
1991-92 when tabulated from April to March each year 
(r2 = 0.58, n = 16 years, P = 0.0006; Table 3). The regres- 
sion was more variable than when trend in total deaths was 
calculated on a calendar-year basis (+5.9%/year, r = 0.69, 
n=n,P = 0.0001) because calendar years divided deaths 
in cold winters among 2 adjacent years. After the cata- 
strophic deaths (from low temperatures and red tide; Table 
5) were removed, the remaining deaths increased at 
+6.1%/year and the regression was improved substantially 
(April to March, r2 = 0.79, P = 0.0001; Fig. 7). Catastrophic 
deaths were variable between years and without trends 
(+1.6%/year, r2 < 0.01, P = 0.88; Fig. 7). When deaths from 
low temperatures and red tide were removed, deaths from 
other natural causes still substantially increased at 
15.3%/year (r2 = 0.58, P=0.0006; Table 3), whereas deaths 
from undetermined causes did not increase. 

The percentage of deaths from watercraft increased 
through time when catastrophic deaths were excluded 
(linear regression, r = 0.54, n = 16 years, P = 0.001, 

April-March annual periods). The adjusted percentage 
increased from 22% in 1976-77 to 34% in 1991-92, and 
the regression was more significant than when cata- 
strophic deaths were included (r2 = 0.42, P = 0.006). The 
high numbers of catastrophic deaths in some years caused 
watercraft percentages to be low in those years. 

The percentage of undetermined deaths decreased 
significantly over time when catastrophic deaths were 
excluded (r = 0.58, n = 16, P = 0.0006), and the regres- 
sion was more significant than when catastrophic deaths 
were included (r = 0.45, P = 0.005). The adjusted per- 
centage of undetermined deaths decreased from 48% in 
1976-77 to 21% in 1991-92. 

Log-linear Models and Associations 
Among Categorical Variables 

Mortality frequency distributions were characterized by 
significant interactions among cause of death, geographic 
region, season, time period, sex, carcass size, and carcass 
condition. The numbers of deaths and their relative distribu- 
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Year (April-March) 

Fig. 7. Trends in the number of deaths of Florida 
manatees (Trichechus manatus latirostris) 
from all causes, unadjusted (squares) and 
adjusted (circles) for catastrophic deaths 
(low temperatures, red tide), Florida, 1976— 
1992 (exponential regression). Mortalities 
are tabulated by years from April to March. 
Bars indicate catastrophic deaths. 

Table 5. Listing of catastrophic deaths of manatees (Trichechus manatus latirostris) in Florida, 1976-1992, documented 
from various sources and used to calculate adjusted trends in manatee deaths. Lowest air temperature at Titusville 

each winter is given. 

Minimum Titusville 
Years Cause of death n Comments temperature (° C), date Source 

1976-77 Low temperature 38 January-March 1977 
(38 undetermined) 

-6.7,1/20/1977 Campbell and Irvine (1981) 

1977-78 0 -1.7,1/10/1978 
1978-79 0 -2.2, l/3/1979b 

1979-80 0 -3.3,3/3/1980 
1980-8la Low temperature 30 January-February 1981 

(4 other natural, 
26 undetermined) 

-5.0,1/14/1981 Buergelt et al. (1984) 

1981-82 Low temperature 0 -5.0,1/12/1982 
Red tide 37 February-April 1982 

(37 other natural) 
O'Sheaetal. (1991) 

1982-83 0 -1.7,12/19/1982 
1983-84 Low temperature 34 January-February 1984 

(19 other natural, 
15 undetermined) 

-5.6,12/26/1983 Buergelt et al. (1984) 

1984-85 Low temperature 9 December 1984- 
February 1985 -7.2,1/22/1985 FDEP mortality database 
(9 other natural) 

1985-86 Low temperature 1 December 1985 
(1 other natural) 

-4.4,1/28/1986 FDEP mortality database 

Categorized as cold-related after January 1986 
1985-86 Low temperature 12 January-March 1986 -4.4, 1/28/1986 FDEP mortality database 

1986-87 Low temperature 6 December 1986- 
February 1987 0.6,1/28/1987 FDEP mortality database 

1987-88 Low temperature 9 January-March 1988 0.6,1/26/1988 FDEP mortality database 

1988-89 Low temperature 4 January-March 1989 -2.2,2/24/1989 FDEP mortality database 

1989-90 Low temperature 56 November 1989- 
March 1990 -7.2,12/24/1989 FDEP mortality database 

1990-91 Low temperature 1 February 1991 1.1,1/21/1991 FDEP mortality database 

1991-92 Low temperature 0 0.0,1/16/1992 FDEP mortality database 

a Some deaths from low temperatures were specifically diagnosed during 1981-85 and classified as deaths from other natural causes. From 1974 to 
1980, deaths were not attributed to low temperatures and were classified as deaths from undetermined causes. 

b Temperature in Daytona Beach; temperature in Titusville was not available. 
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tion by cause-of-death category varied among combinations 
of factors. Of these factors, only sex was not significantly 
related to all of the others. 

Time Period 

Changes in cause of death during three time periods were 
similar to the trends described above (%2 = 249.5, P < 0.001; 
Table 6). The proportions of watercraft collision and deaths 
of perinatal manatees increased significantly through time, 
whereas flood gate-canal lock and other human-related 
causes of deaths decreased (although annual numbers in- 
creased, they were a lower percentage of the total number 
of deaths). Deaths from low temperatures, other natural, and 
undetermined causes were confounded because of changes 
in classification. Decreases in numbers in the undetermined 
category were mirrored by increases in the other natural 
(1981-86) and cold-related (1986-92) causes of deaths. 
Peaks in these three categories exactly corresponded to 
whichever category the catastrophic mortality was assigned 

to during a given time period (undetermined 1976-81; other 
natural, including red tide, 1981-86; cold-related 1986-92). 
Combined deaths in these categories increased slowly in 
number but were a lower percentage of total deaths in 
1986-92 (40%) than in previous years (55%, 1976-81; 
53%, 1981-86), probably because of the steady increase in 
watercraft-related deaths and deaths of perinatal manatees. 
Verified carcasses which were not recovered decreased 
significantly from 9% in 1976-81 to 1% in 1986-92 (Ta- 
ble 6). 

Regions 

The number of deaths differed between regions (Table 
7). The highest number of deaths occurred in the north- 
eastern (40%, including Brevard County) and southwestern 
(33%) regions. The numbers of deaths were lower in the 
southeastern (18%) and northwestern (9%) regions. The 
distribution of deaths among regions changed through time 
(X2 = 32.7, P < 0.001; Table 8). In 1976-81, signifi- 

Table 6. Frequency distribution of manatee (Trichechus manatus latirostris) deaths in Florida by eight cause-of-death 
categories and three time periods (April 1976 to March 1992; n = 1,903). 

Time period 
April 1976 to April 1981 to April 1986 to 

Cause of death March 1981 March 1986 March 1992 Total 

Watercraft collision 87 129 266 482 
(19.5) (23.9) (29.0) (25.3) 

Flood gate/canal lock 35 18 
+ 

31 84 
(7.9) (3.3) (3.4) (4.4) 

+++ 
Other human-related 20 12 21 53 

(4.5) 
+ 

59 

(2.2) (2.3) (2.8) 

Various perinatal 96 229 384 
(13.2) (17.8) (25.0) (20.2) 
— ++ 

Natural/cold- 0 12 76 88 
related (0.0) (2.2) (8.3) (4.6) 
(1986-92 only)   — +++ 

Other natural 18 92 82 192 
(4.0) 07.1) (8.9) (10.1) 
  +++ 

Verified, not recovered 40 16 9 65 
(9.0) (3.0) (1.0) (3.4) 

+++   
Undetermined 187 164 204 555 

(41.9) (30.4) (22.2) (29.2) 
+++   

Total 446 539 918 1,903 
[23.4] [28.3] [48.2] 

+ and - indicate level of cell significance (standardized residuals, see Methods). One symbol indicates P < 0.05, two indicate P < 
0.01, and three indicate P < 0.001; %2 = 249.5, P < 0.001. 
Brackets [] indicate percentages across a row; parentheses 0 indicate percentages down a column. 
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Table 7. Frequency distribution of manatee (Trichechus manatus latirostris) deaths in Florida by eight cause-of-death 
categories and four geographic regions (April 1976 to March 1992; n = 1,903). 

Reg ion 
West East 

Cause of death Northwest Southwest Northeast Southeast Total 

Watercraft collision 27 144 203 108 482 

(16.0) (22.7) (27.0) (31.1) (25.3) 

Flood gate/canal lock 4 8 13 59 84 

(2.4) (1.3) (1.7) (17.0) 
+++ 

(4.4) 

Other human-related 5 9 20 19 53 

(3.0) (1.4) (2.7) (5.5) 
++ 

(2.8) 

Various perinatal 73 113 158 40 384 

(43.2) (17.8) (21.0) (11.5) (20.2) 

+++   

Natural/cold 6 9 68 5 88 

related (3.6) (1.4) (9.0) (1.4) (4.6) 

(1986-92 only)   +++ — 
Other natural 14 90 68 20 192 

(8.3) (14.2) 
++ 

(9.0) (5.8) (10.1) 

Verified, not 5 31 14 15 65 

recovered (3.0) (4.9) (1.9) (4.3) (3.4) 

Undetermined 35 230 209 81 555 
(20.7) (36.3) (27.8) (23.3) (29.2) 
- +++ - 

Total 169 634 753 347 1,903 
[8.9] 

803 
[42.2] 

[33.3] [39.6] 
1,100 
[57.8] 

[18.2] 

+ and - indicate level of cell significance (standardized residuals, see Methods). One symbol indicates P < 0.05, two indicate P < 
0.01, and three indicate P< 0.001; cause by region %2 = 340.4, P < 0.001; cause by coast %2 = 57.5, P = 0.001. 
Brackets [] indicate percentages across a row; parentheses 0 indicate percentages down a column. 

cantly more deaths than expected (standardized residual = 1981-86, and increases in watercraft-related and cold-re- 
2.85, P< 0.004) occurred in the southeastern region (24%), lated causes (1989-90 event) and in deaths of perinatal 
and in 1981-86, more deaths than expected (standardized manatees in the northeastern region (1986-92). Similarly, 
residual = 3.01, P < 0.003) occurred in the southwestern the number of deaths was greater in eastern Florida (1976- 
region (41%). The highest overall mortality, although not 81,64% of statewide total; 1986-92,58% of statewide total) 
significantly larger than expected, was in the northeastern than in western Florida, except in 1981-86 (51% east; 1982 
region in 1976-81 (standardized residual = 0.27,40% of the red tide in southwestern region; %2 = 32.7, P < 0.001; 
statewide total, n = 180, P = 0.80) and again in 1986-92 Table 8). 
(standardized residual = 1.25, 42%, n = 387, P = 0.21). ^ 

SP3JSOflS 
Mortality in the southwestern region was highest in 1981-86 
(standardized residual = 3.02, 41%, n = 220, P < 0.003). The pattern of mortality among seasons changed through 
Deaths declined proportionately through time in the south- time (Table 9). More manatees died in winter (39% of total) 
eastern region from 24% to 16% (Table 8). This reflected an than in other seasons (spring 23%, summer 20%, fall 18%). 
overall decline in causes of death that occurred most fre- The proportion of deaths in winter declined significantly 
quently in the southeastern region (gate/lock, other-human), from 46% in 1976-81 to 33% in 1986-92, and the propor- 
increases in watercraft-related and natural deaths (including tion in summer increased significantly from 17% to 23% 
cold-related, 1982 red tide) in the southwestern region (Table 9). This reflects a relative decrease in deaths from 
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Table 8. Frequency distribution of manatee (Trichechus manatus latirostris) deaths in Florida by four geographic 
geographic regions and three time periods (April 1976 to March 1992; n = 1,903). 

Time period 
April 1976 to 
March 1981 

April 1981 to 
March 1986 

April 1986 to 
March 1992 

Total 
Region Region Coast 

West 
Northwest 34 42 93 169 

(7.6) (7.8) (10.1) (8.9) 

Southwest 125 220 289 634 
(28.0) (40.8) 

++ 
(31.5) (33.3) 

Subtotal 159 262 382 803 
Coast (35.7) (48.6) (41.6) 

(42.2) 

East 
Northeast 180 186 387 753 

(40.4) (34.5) (42.2) (39.6) 

Southeast 107 91 149 347 
(24.0) (16.9) (16.2) (18.2) 
++ 

Subtotal 287 277 536 1,100 
Coast (64.3) (51.4) (58.4) 

(57.8) 

Total 446 539 918 1,903 1,903 
[23.4] [28.3] [48.2] 

+ indicates level of cell significance (standardized residuals, see Methods). Two symbols indicate P < 0.01; region by time %2 = 32.7, 
P < 0.001; coast by time %2 = 17.1, P < 0.001. 
Brackets [] indicate percentages across a TOW; parentheses 0 indicate percentages down a column. 

Table 9. Frequency distribution of manatee (Trichechus manatus latirostris) deaths in Florida by four seasons and three 
time periods (April 1976 to March 1992; n = 1,903). 

Time period 

Total Season 
April 1976 to 
March 1981 

April 1981 to 
March 1986 

April 1986 to 
March 1992 

April to June 89 
(20.0) 

132 
(24.5) 

226 
(24.6) 

447 
(23.5) 

July to September 74 
(16.6) 

96 
(17.8) 

212 
(23.1) 

382 
(20.1) 

October to December 77 
(17.3) 

84 
(15.6) 

180 
(19.6) 

341 
(17.9) 

January to March 

Total 

206 
(46.2) 
++ 

446 
[23.4] 

227 
(42.1) 

539 
[28.3] 

300 
(32.7) 

918 
[48.2] 

733 
(38.5) 

1,903 

+ and - indicate level of cell significance (standardized residuals, see Methods). One symbol indicates P < 0.05 and two indicate P 
< 0.01; x2 = 31.3, P< 0.001. 
Brackets [] indicate percentages across a row; parentheses () indicate percentages down a column. 
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causes that were most common in winter (undetermined, 
other natural) and an increase in deaths in categories that 
were most common in summer (watercraft-related, peri- 
natal). 

The distribution of deaths between regions and sea- 
sons changed (Table 10). Significantly more manatees 
died in the northeastern region in summer and in the 
southeastern region in fall. These differences match high 
numbers of deaths from watercraft and deaths of peri- 
natal manatees in summer and deaths from gates and 
locks in fall and also reflect the large southward migra- 
tion of manatees along the eastern coast at that time. 
However, no difference existed between eastern and 
western Florida by season (Table 10). 

Associations Among Cause-of-death 
Categories and Other Variables 

Collisions with Watercraft 

Collisions with watercraft caused the largest number of 
deaths in northeastern Florida (n = 203, 27% of deaths in 
northeastern Florida) and were the largest percentage in 
southeastern Florida (31%; Table 7). The lowest number and 
percentage of deaths from watercraft occurred in northwest- 

ern Florida (n = 27, 16%). The number of deaths from 
watercraft increased rapidly in the southwestern region 
where the annual number of deaths is now only slightly 
lower than in the northeastern region. The mean number of 
watercraft-related deaths in southwestern Florida was 
14.8/year in 1986-92, which was 5.7 times higher than in 
1976-81; in northeastern Florida the mean of 17.3/year in 
1986-92 was 1.8 times higher than in 1976-81. Deaths from 
watercraft increased from 11 % to 31 % of the total in south- 
western Florida, but the percentage remained the same in 
northeastern Florida (27%). Deaths from watercraft were a 
larger percentage of deaths in eastern Florida (29% of 
deaths) than in western Florida (21 %), but the percentage in 
western Florida increased significantly from 11% (1976- 
81) to 27% (1981-92). Deaths from watercraft in eastern 
Florida were most common in northeastern Florida in warm 
seasons and in the southeastern region in winter. 

Watercraft collisions caused the highest number of 
deaths in spring (n = 147; 33% of deaths in spring, signifi- 
cantly greater than expected; Table 11); the next highest 
numberof deaths occurred in winter(n = 126,17% of deaths 
in winter, significantly less than expected, low percentage 
because of high mortality from other causes). Deaths from 
collisions with watercraft were 27-30% of the number of 

Table 10. Frequency distribution of manatee (Trichechus manatus latirostris) deaths in Florida by four geographic 
regions and four seasons (April 1976 to March 1992; n = 1,903). 

Season 
To April to 

June 
July to 

September 
October to 
December 

January to 
March 

tal 

Region Region Coast 

West 

Northwest 40 
(9.0) 

28 
(7.3) 

31 
(9.1) 

70 
(9.6) 

169 
(8.9) 

Southwest 

Subtotal 
Coast 

151 
(33.8) 
191 
(42.7) 

119 
(31.2) 
147 
(38.5) 

112 
(32.8) 
143 
(41.9) 

252 
(34.4) 
322 
(43.9) 

634 
(33.3) 

803 
(42.2) 

East 

Northeast 186 
(41.6) 

179 
(46.9) 

+ 

112 
(32.8) 

276 
(37.7) 

753 
(39.6) 

Southeast 

Subtotal 
Coast 

70 
(15.7) 

256 
(57.3) 

56 
(14.7) 

235 
(61.5) 

86 
(25.2) 
++ 

198 
(58.1) 

135 
(18.4) 

411 
(56.1) 

347 
(18.2) 

1,100 
(57.8) 

Total 447 
[23.5] 

382 
[20.1] 

341 
[17.9] 

733 
[38.5] 

1,903 1,903 

+ and - indicate level of cell significance (standardized residuals, see Methods). One symbol indicates P < 0.05 and two indicate 
P < 0.01; region by season %2 = 25.9, P = 0.002; coast by season %2 = 3.13, P = 0.373. 
Brackets [] indicate percentages across a TOW, parentheses () indicate percentages down a column. 
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Table 11. Frequency distribution of manatee (Trichechus manatus latirostris) deaths in Florida by eight cause-of-death 
categories and four seasons (April 1976 to March 1992; n = 1,903). 

Season 
Cause of death April-June July-September October-December January-March Total 

Watercraft collision 147 116 93 126 482 
(32.9) (30.4) (27.3) (17.2) (25.3) 
++   

Flood gate/canal lock 27 19 25 13 84 
(6.0) (5.0) (7.3) 

+ 
15 

(1.8) (4.4) 

Other human-related 15 12 11 53 
(3.4) (3.1) (4.4) (1.5) (2.8) 

Various perinatal 121 116 59 88 384 
(27.1) (30.4) (17.3) (12.0) (20.2) 
-H- +++   

Natural/cold 1 0 10 77 88 
related (0.2) (0.0) (2.9) (10.5) (4.6) 
(1986-92 only)   — +++ 

Other natural 34 9 34 115 192 
(7.6) (2.4) (10.0) (15.7) 

+++ 
(10.1) 

Verified, not recovered 16 14 14 21 65 
(3.6) (3.7) (4.1) (2.9) (3.4) 

Undetermined 86 96 91 282 555 
(19.2) (25.1) (26.7) (38.5) (29.2) 
  +++ 

Total 447 382 341 733 1,903 
[23.5] [20.1] [17.9] [38.5] 

+ and - indicate level of cell significance (standardized residuals, see Methods). One symbol indicates P < 0.05, two indicate P < 
0.01, and three indicate P < 0.001. 
Brackets [] indicate percentages across a row; parentheses 0 indicate percentages down a column. 

deaths in other seasons. No significant changes in the pro- 
portion of deaths from watercraft among seasons occurred 
through time. 

Flood Gates and Canal Locks 

Deaths from flood gates and canal locks occurred almost 
exclusively in eastern Florida (86%; Table 7) but signifi- 
cantly decreased as a percentage of all deaths there since 
1976-81 (from 12% to 5%). They were a higher percentage 
of all deaths in southeastern Florida (17%) than in any other 
region (1-2%). In southeastern Florida, these deaths de- 
creased significantly more than deaths from the other causes 
(from 30% to 14%). The number of deaths from flood gates 
and canal locks was greatest in spring and fall (7% of all 
deaths in fall; 5-6% in spring and summer; 2% in winter; 
Table 11). 

Other Human-related Causes of Death 

Deaths in the other human-related causes category 
were more frequent in eastern Florida (74% of other 
human-related) and were a higher proportion (5%) of all 

deaths in southeastern Florida than in other regions (1- 
3%; Table 7). The number of deaths from other human- 
related causes was not large anywhere in the state; how- 
ever, in 1986-92, it was proportionately lower in 
southeastern and higher in northeastern Florida. Other 
human-related causes of death were 2-4% of the deaths 
in all seasons (Table 11). 

Deaths of Perinatal Manatees 

The number of deaths of perinatal manatees steadily 
increased statewide (Table 6). The number of deaths of 
perinatal manatees was highest in northeastern Florida (n 
= 158, 21%) and in southwestern Florida (« = 113, 18%; 
Table 7). Deaths of perinatal manatees were a much higher 
percentage of deaths in northwestern Florida (n = 73,43%) 
than in any other region, partly because overall mortality 
in northwestern Florida was low. The pattern by region did 
not change through time. The number of deaths of peri- 
natal manatees was similar between coasts (eastern coast 
52%), but the number of deaths of perinatal manatees 
increased at a greater rate than the number of deaths of 
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older manatees on the eastern coast (especially in the 
northeastern region). 

Deaths of perinatal manatees were most common from 
March to July but occurred in every month (Table 12). The 
lowest monthly number (3%) occurred in February. 
Deaths of perinatal manatees were a significantly higher 
percentage of all deaths in spring (27%) and summer 
(30%; Table 11). Fewer deaths of perinatal manatees oc- 
curred in fall (n = 59,17%), although they were the lowest 
percentage in winter (n = 88, 12%, January-March), in 
part because of the large number of deaths from other 
causes in winter. The number of deaths of perinatal mana- 
tees was highest in eastern Florida in spring (25%) and 
summer (33%) and highest in western Florida in winter 
(19%) and spring (35%). The pattern by season did not 
change through time. Deaths of perinatal manatees oc- 
curred earlier (some in March) in northwestern Florida 
than in any other region. 

Cold-related Deaths 

The number of cold-related deaths were 10% of all deaths 
in northeastern Florida during 1986-92 and only 2-4% in 
other regions. However, this category has been used only 
since 1986; in that time, the only major mortality event was 
in winter 1989-90 when most manatees that died from low 
temperatures were in northeastern Florida. The number of 
deaths from low temperatures was 22% of the number of 
deaths in winter during 1986-92 and was smaller in other 
months (88% of deaths from low temperatures occurred 
during January-March; Table 11). However, some deaths 

from low temperatures occurred from late November until 
mid-April. 

Fifty-six deaths were attributed to low temperatures in 
Florida and five in other southeastern states (4 in Georgia, 
1 in North Carolina) in winter 1989-90 (Table 5). This was 
the largest known mortality event from low temperatures 
and was not previously described. These deaths occurred 
from 26 November 1989 to 12 April 1990, and almost all 
occurred in December (9) and January (44). Most followed 
a severe cold front that passed through the state on 24 
December 1989 (minimum air temperature was -7.2° C in 
Titusville). Water temperatures were below 10° C for 7 
days (minimum of 4.4° C on 25 December 1989) in vari- 
ous areas in the Indian and Banana rivers and in the 
Mosquito Lagoon (Schroeder et al. 1990). Almost all of 
the carcasses were reported between 24 December 1989 
and 19 January 1990; most were found during 6-8 Janu- 
ary. However, these manatees probably died several days 
before their carcasses were discovered. The five deaths in 
other states occurred between 29 December and 22 Janu- 
ary. No manatees died from low temperatures in February, 
which was warmer, but one each was recovered in March 
and in April 1990. Most manatees that died from low 
temperatures in Florida were in counties in northeastern 
Florida (n = 44, November 1989 to April 1990; Nassau 1, 
Duval 5, Clay 3, St. Johns 1, Flagler 1, Volusia 2, Brevard 
31); 35 died in northeastern Florida in January (27 in 
Brevard County). Only 7 manatees died from low tempera- 
tures in the southwestern region (November 1989 to April 
1990), 4 in northwestern Florida, and 1 in southeastern 

Table 12. The number of manatee (Trichechus manatus latirostris) deaths in Florida by category and by month, 1974 
to 1992 (n = 2,073). The percent of the count is given in parentheses in each category. 

Month reported 
Cause of death Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

Watercraft 40 44 48 47 70 43 46 53 27 40 23 41 522 
collision (7.7) (8.4) (9.2) (9.0) (13.4) (8.2) (8.8) (10.2) (5.2) (7.7) (4.4) (7.9) 

Flood gate/ 4 2 7 2 10 18 7 4 9 8 12 6 89 
canal lock (4.5) (2.3) (7.9) (2.3) (11.2) (20.2) (7.9) (4.5) (10.1) (9.0) (13.5) (6.7) 

Other human- 5 3 4 5 5 6 6 4 5 7 6 6 62 
related (8.1) (4.8) (6.5) (8.1) (8.1) (9.7) (9.7) (6.5) (8.1) (11.3) (9.7) (9.7) 

Various perinatal 21 14 52 57 55 37 51 41 29 26 23 19 425 
(4.9) (3.3) (12.2) (13.4) (12.9) (8.7) (12.0) (9.7) (6.8) (6.1) (5.4) (4.5) 

Cold-relateda 61 10 6 1 0 0 0 0 0 0 1 9 88 
(69.3) (11.4) (6.8) (1.1) (0.0) (0.0) (0.0) (0.0) (0.0) (0.0) (1.1) (10.2) 

Other 44 48 29 27 10 6 4 3 4 8 6 24 213 
natural (20.7) (22.5) (13.6) (12.7) (4.7) (2.8) (1.9) (1.4) (1.9) (3.8) (2.8) (11-3) 

Undetermined 91 132 94 45 32 37 43 40 40 31 33 56 674 
(13.5) (19.6) (14.0) (6.7) (4.8) (5.5) (6.4) (5.9) (5.9) (4.6) (4.9) (8.3) 

Total 266 253 240 184 182    " 147 157 145 114 120 104 161 2,073 
(12.8) (12.2) (11.6) (8.9) (8.8) (7.1) (7.6) (7.0) (5.5) (5.8) (5.0) (7.8) 

The cold-related category was not used until 1986. These deaths were included in the category of deaths from undetermined causes during 1974-80 
and in the category of deaths from other natural causes during 1981-85. 
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Florida. Deaths from low temperatures were 60% of the 
73 deaths in January 1990 and 35% of 130 deaths during 
December 1989-March 1990. The numbers of deaths 
from other natural (9) and undetermined (18) causes were 
also unusually high in January and February 1990; some 
of them may have been from low temperatures. This was 
similar to previous low-temperature events. As in previous 
years and analyses, most carcasses that were associated 
with this event were in the subadult size range (73%, 
November-April; 77%, January). A high percentage of the 
carcasses was decomposed (January 1990, n = 44, 54% 
moderately decomposed, 39% badly decomposed), de- 
spite the cold temperatures. 

Other Natural Causes of Death 

Deaths from other natural causes occurred most fre- 
quently in the southwestern region (14% of all deaths in 
southwestern Florida, 6-9% in other regions; Table 7), 
including 37 deaths ascribed to red tide in Lee County in 
spring 1982 (results previously described in detail by 
O'Shea et al. 1991). The number of deaths from other 
natural causes was second highest in the northeastern 
region (9% of deaths); 58% of all other natural deaths 
occurred in eastern Florida. Catastrophic mortality caused 
most of the significant relations in this category. When the 
deaths from low temperatures were included, mortality 
was higher than expected in southwestern Florida in 1981 - 
86 (several cold events; red tide during March-April 
1982) and in northeastern Florida in 1986-92 (1989-90 
cold event). This strong interaction (southwestern Florida 
1981-86; northwestern Florida 1986-92) complicated the 
interpretation of many other results. Other natural deaths 
were much less common in the northwestern and south- 
eastern regions, probably because of warmer or more 
consistent sources of warm water in winter. 

Deaths from other natural causes (including deaths 
from low temperatures) were 26% of the deaths in winter 
over all years (33% in winter 1986-92) and 2-13% in 
other seasons (Table 11). 

Undetermined Causes of Death 

The number of undetermined deaths remained con- 
stant through time, but the percentage decreased mark- 
edly, mostly because deaths from low temperatures were 
removed from this category in 1981 (Table 6). Most 
deaths from undetermined causes (51% of total) oc- 
curred in winter (Table 11). This was especially evident 
in earlier years when deaths from low temperatures were 
included in this category (1974-85) but remained true in 
recent years. Deaths from undetermined causes de- 
creased more in winter than in other seasons (62% in 
winter 1976-81,37% 1986-92), suggesting that a higher 
proportion of deaths in winter is now being assigned to 

specific categories (e.g., cold-related deaths or from 
other natural causes). Sixty-nine percent of the other 
natural deaths (including cold-related deaths) also oc- 
curred in winter (Table 6). These four combined causes 
of death (low temperature, other natural, undetermined, 
and verified without recovery of the carcass) were higher 
in winter (68% of deaths in winter) than in other seasons 
(31 -44%). The number of verified deaths without recov- 
ery of the carcasses was 3-4% of deaths in each season. 

Undetermined causes of death (including verified with- 
out recovery of the carcass) were 24-41% of deaths in all 
regions; the highest percentages were in southwestern (n 
= 261, 41% by region) and northeastern (n = 223, 30%) 
Florida (Table 7). The proportion of deaths from undeter- 
mined causes by region did not change through time. The 
number of deaths from undetermined causes was similar 
on both coasts but significantly higher than other causes 
of death on the western coast (Table 7). In 1986-92, the 
highest numbers of deaths from undetermined causes oc- 
curred in winter, mostly in the northeastern and southwest- 
ern regions. 

Combined Human-related Causes of Death 

The combined human-related causes of death (water- 
craft, flood gate-canal lock, and other human-related) 
were responsible for more deaths in eastern Florida (422 
deaths, 39% of deaths) than in western Florida (197, 
26%; Table 7). In contrast, the number of deaths from 
natural causes (cold-related, other natural, perinatal) and 
undetermined causes were similar on the two coasts (649 
in eastern Florida and 570 in western Florida). The 
proportion of human-related deaths was significantly 
higher in southeastern (56%) and lower in northwestern 
(22%) and southwestern Florida (27%) than in north- 
eastern Florida (32%; Table 7). The statewide proportion 
of human-related deaths (33%) did not change through 
time or in eastern Florida (39%) but increased through 
time in western Florida from 18% in 1976-81 to 31% in 
1986-92. 

The number of human-related deaths was similar be- 
tween seasons (150 deaths in winter, 133-189 deaths in 
warm seasons), but human-related deaths were a signifi- 
cantly higher proportion of deaths in warm seasons (40- 
44%) than in winter (21%). 

Sizes of Carcasses 

Of the carcasses for which total length was available 
(1976-92, n = 1,809), 27% were calves, 41% were 
subadults, and 33% were adults. The percentage of car- 
casses that was calves increased through time (Table 13). 

Cause of death by size class. Size classes were differ- 
entially associated with various causes of death (Table 14; 
Figs. 8-9). The number of deaths from watercraft, gates 
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Table 13. Frequency distribution of manatee (Trichechus manatus latirostris) deaths in Florida by three size classes 
and three time periods (April 1976 to March 1992; n = 1,809). The percent of the count is given in parentheses in 
each category. 

Time period 

Size class (cm) 
April 1976 to 
March 1981 

April 1981 to 
March 1986 

April 1986 to 
March 1992 Total 

42-175 85 
(21.9) 

117 
(22.8) 

278 
(30.6) 

480 
(26.5) 

176-275 162 
(41.8) 

225 
(43.9) 

346 
(38.1) 

733 
(40.5) 

276-411 141 
(36.3) 

171 
(33.3) 

284 
(31.3) 

596 
(33.0) 

Total 388 
[21.4] 

513 
[28.4] 

908 
[50.2] 

1,809 

+ indicates level of cell significance (standardized residuals, see Methods). One symbol indicates P < 0.05; % = 16.5, P = 0.002. 
Brackets [] indicate percentages across a row; parentheses Q indicate percentages down a column. 

Table 14. Frequency distribution of manatee (Trichechus manatus latirostris) deaths in Florida by seven cause-of-death 
categories and three size classes (April 1976 to March 1992; n = 1,809). The percent of the count is given in 
parentheses in each category. 

Size class (cm) 

Cause of death 42-175 176-275 276-411 Total 

Watercraft 22 213 245 480 

collision (4.6) (29.1) (41.1) 
+++ 

(26.5) 

Rood gate/ 2 26 56 84 

canal lock (0.4) (3.6) (9.4) 
+++ 

(4.6) 

Other human- 8 16 26 50 

related (1-7) (2.2) (4.4) (2.8) 

Various 379 0 0 379 

perinatal (79.0) (0.0) (0.0) (21.0) 
+++     

Natural/cold- 9 68 11 88 

related (1.9) (9.3) (1.9) (4.9) 

(1986-92 only) — +++   

Other natural 10 117 65 192 

(2.1) (16.0) (10.9) (10.6) 
  +++ 

Undetermined 50 293 193 536 

(10.4) (40.0) (32.4) (29.6) 
  +++ 

Total 480 733 596 1,809 

[26.5] [40.5] [33.0] 

+ and - indicate level of cell significance (standardized residuals, see Methods). One symbol indicates P < 0.05, two indicate P < 
0.01, and three indicate P < 0.001; x2 = 1433.6, P < 0.001. 
Brackets [] indicate percentages across a row; parentheses () indicate percentages down a column. 
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Fig. 8. Frequency of deaths of 
Florida manatees (Trichechus 
manatus latirostris) by seven 
causes of death and by total 
length of carcass (cm), Flor- 
ida, 1974-1992 (n = 1,903). 

and locks, and other human-related causes included sig- 
nificantly more adults than did other causes. Deaths from 
low temperatures (1986-92) and from other natural and 
undetermined causes included more subadults than adults. 
The calf size-class (<175 cm) included all deaths of peri- 
natal manatees, but it also included some larger calves that 
died from other causes, which produced the significant 
interaction between calf size category and the category of 
deaths of perinatal manatees. Omitting the 379 perinatal 
carcasses, the size distribution of the remaining 1,430 
carcasses changed substantially (7% calves, 51% 
subadults, and 42% adults). The small number of large 
calves in the other human-related and undetermined cause- 
of-death categories became larger than expected. The 
large number of subadults in the undetermined cause-of- 
death category was no longer larger than expected. 

Carcass size was related to region (%2 = 73.2, P < 
0.001; Table 15); the proportion of calf carcasses was 
higher in the northwestern region, and the proportion of 
adult carcasses was higher in southeastern Florida. This 
agrees with findings from the analyses of cause-of-death 
frequencies by size and by region (proportionately more 
deaths of perinatal manatees in northwestern Florida; 
proportionately more deaths from flood gates and canal 
locks and other human-related causes in southeastern 
Florida). Carcass size distributions did not differ be- 
tween the eastern and western coasts of Florida. Carcass 
size was also related to season (%2 = 125.6, P < 0.001; 
Table 16); the proportions of calf carcasses were higher 
in spring and summer, of subadults in winter, and of 
adults in summer. This agrees with findings from the 
analyses of cause-of-death frequencies by size and by 
season. 

Most carcasses < 150 cm were categorized as perinatal 
(Fig. 8). The number of carcasses that were 150-199 cm 
long was low because of the rapid growth of manatees at 
this age (*Odell 1981). The most frequent length of the 
larger carcasses was 275-299 cm; many carcasses were 
in the 200-324-cm range. The rapid decline in numbers 
of carcasses that were 325 cm long or longer indicated 
the smaller number of adults that achieved long lengths. 
The shift in causes of death from those most prevalent in 
subadults to those most prevalent in adults was at about 
275 cm (Fig. 8). 

Cause of death by size and sex. More carcasses of 
male (53%) than of female manatees were recovered 
(Table 17), which differs from a 50:50 ratio. The propor- 
tion by sex did not vary with time, cause of death, region, 
or season. Males were more numerous among the car- 
casses of calves and subadults (45% female; <276 cm), 
and females were more numerous among the carcasses 
of adults (51% female; >276 cm; %2 = 7.1, P = 0.03; 
Table 17; Fig. 9). The carcasses of adult females pre- 
vailed in the 351-411-cm size category (90% female). 
The proportion of large animals (>351 cm; 7%) among 
adults did not change through time. More carcasses of 
males than of females that died from low temperatures 
and in gates and locks were recovered. 

Cause of death by carcass condition. Information about 
the condition of 1,860 carcasses was available: 21% were 
fresh, 26% were moderately decomposed, and 53% were 
badly decomposed (Table 18). More carcasses (25%) were 
fresh in 1986-92 and fewer (47%) were badly decomposed 
(Table 19) than in earlier time periods. The proportion of 
fresh carcasses was lowest (15%) in 1981-86. Carcass 
condition did not differ among the four regions (Table 20). 
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Fig. 9. Frequency of deaths of Florida manatees (Trichechus manatus latirostris) by size classes of males and females (n = 1,903) 
and by four causes of death and the total number of all causes, Florida, 1974-1992. Note that the horizontal scale varies between 
charts. 
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Table 15. Frequency distribution of manatee (Trichechus manatus latirostris) deaths in Florida by three size classes 
and four geographic regions (April 1976 to March 1992; n = 1,809). 

(cm) 

Region 
West East 

Size class Northwest Southwest Northeast Southeast Total 

42-175 

176-275 

80 
(49.1) 

+++ 
38 

(23.3) 

138 
(23.4) 

263 
(44.6) 

203 
(27.8) 

308 
(42.2) 

59 
(18.1) 

124 
(38.0) 

480 
(26.5) 

733 
(40.5) 

276^11 45 
(27.6) 

189 
(32.0) 

219 
(30.0) 

143 
(43.9) 

+++ 

596 
(33.0) 

Total Region 

Coast 

163 
[9.0] 

753 
[41.6] 

590 
[32.6] 

730 
[40.4] 

1,056 
[58.4] 

326 
[18.0] 

1,809 

+ and - indicate level of cell significance (standardized residuals, see Methods). Two symbols indicate P < 0.01 and three indicate 
P < 0.001; size by region %2 = 73.2, P = 0.001; size by coast %2 = 4.31, P = 0.116. 
Brackets [] indicate percentages across a tow; parentheses 0 indicate percentages down a column. 

Table 16. Frequency distribution of manatee (Trichechus manatus latirostris) deaths in Florida by three size classes 
and four seasons (April 1976 to March 1992; n = 1,809). 

Season 

Size class (cm) April to June 

133 
(31.4) 

132 
(31.2) 

July to 
September 

October to 
December 

January to 
March Total 

42-175 

176-275 

130 
(36.0) 

+++ 
88 

(24.4) 

84 
(25.9) 

122 
(37.7) 

133 
(19.0) 

391 
(55.8) 

480 
(26.5) 

733 
(40.5) 

276-411 158 
(37.4) 

143 
(39.6) 

+ 
361 
[20.0] 

118 
(36.4) 

+++ 
177 
(25.3) 

596 
(33.0) 

Total 423 
[23.4] 

324 
[17.9] 

701 
[38.7] 

1,809 

+ and - indicate level of cell significance (standardized residuals, see Methods). One symbol indicates P < 0.05, two indicate P < 
0.01, and three indicate P < 0.001; x2 = 125.6, P < 0.001. 
Brackets [] indicate percentages across a row; parentheses 0 indicate percentages down a column. 
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Table 17. Frequency distribution of manatee (Trichechus 
manatus latirostris) deaths in Florida by three size 
classes and by sex (April 1976 to March 1992; 
n= 1,752). 

Sex 
Size class (cm) Female Male Total 

42-175 214 250 464 
(25.9) (27.0) (26.5) 

176-275 312 395 707 
(37.8) (42.6) (40.3) 

276-411 299 282 581 
(36.2) (30.4) (33.2) 

Total 825 927 1,752 
[47.1] [52.9] 

Brackets [] indicate percentages across a row; parentheses () 
indicate percentages down a column. No cells were significant at 
P < 0.05; %2 = 7.12, P = 0.028. 

Table 18. Frequency distribution of manatee (Trichechus manatus latirostris) deaths in Florida by three carcass 
condition categories and four seasons (April 1976 to March 1992; n = 1,860). The percent of the count is given in 
parentheses in each category. 

Season 

Carcass condition April to June 
July to 

September 
October to 
December 

January to 
March Total 

Fresh 87 
(20.0) 

62 
(16.5) 

88 
(26.7) 

+ 
100 
(30.3) 

153 
(21.3) 

390 
(21.0) 

Moderately 
decomposed 

103 
(23.6) 

74 
(19.7) 

211 
(29.4) 

488 
(26.2) 

Badly decomposed 246 
(56.4) 

240 
(63.8) 

142 
(43.0) 

354 
(49.3) 

982 
(52.8) 

Total 436 
[23.5] 

376 
[20.2] 

330 
[17.7] 

718 
[38.6] 

1,860 

+ and - indicate level of cell significance (standardized residuals, see Methods). One symbol indicates P < 0.05 and two indicate P 
< 0.01; x2 = 38.4, P< 0.001. 
Brackets [] indicate percentages across a row; parentheses () indicate percentages down a column. 



246    INFORMATION AND TECHNOLOGY REPORT 1 

Table 19. Frequency distribution of manatee (Trichechus manatus latirostris) deaths in Florida by three carcass condi- 
tion categories and three time periods (April 1976 to March 1992; n = 1,860). 

Time period 
April 1976 to April 1981 to April 1986 to 

Carcass condition March 1981 March 1986 March 1992 Total 

Fresh 80 82 228 390 
(19.2) (15.3) (25.1) 

++ 
(21.0) 

Moderately 94 141 253 488 
decomposed (22.6) (26.4) (27.8) (26.2) 

Badly decomposed 242 312 428 982 
(58.2) (58.3) (47.1) (52.8) 

Total 416 535 909 1,860 
[22.3] [28.8] [48.9] 

+ and - indicate level of cell significance (standardized residuals, see Methods). One symbol indicates P < 0.05 and two indicate 
P < 0.01; x2 = 30.0, P< 0.001. 
Brackets [] indicate percentages across a row; parentheses () indicate percentages down a column. 

The proportion of badly decomposed carcasses (56%) was 
higher in the southwestern region than in the other regions 
(48-53%). More carcasses were badly decomposed in sum- 
mer (64% vs 43-56% in other seasons) and fresh in fall (27% 
vs 16-21% other seasons; Table 18). The carcasses of calves 
were more decomposed (64%) than the carcasses of larger 
animals (46-49%; Table 21). The condition of carcasses did 
not vary by sex. 

The condition of carcasses differed among causes of 
death (Table 22). If deaths were from watercraft, gates 
and locks, and other natural causes (including low tem- 
peratures), the carcasses were less frequently badly de- 
composed (28-34%). Carcasses of perinatal manatees 
(68%) and manatees that died from undetermined causes 

casses of manatees that died of other causes. This pattern 
was caused by the reduced ability to categorize badly 
decomposed carcasses. The number of badly decom- 
posed carcasses was greater of manatees that died from 
low temperatures (1986-92) than of manatees that died 
of other natural causes. 

Management and Conservation 

Most management of the Florida manatee has been aimed 
at reducing human-related deaths (*U.S. Fish and Wildlife 
Service 1989), which should be more easily addressed than 
natural causes of death. Human-related causes of death 
(watercraft, gates and locks, and other anthropogenic 

(74%) were more often badly decomposed than car-    causes) were responsible for more deaths in eastern than in 

Table 20. Frequency distribution of manatee (Trichechus manatus latirostris) deaths in Florida by three carcass condi- 
tion categories and four geographic regions (April 1976 to March 1992; n = 1,860). 

Re? ion 
West East 

Carcass condition Northwest Southwest Northeast Southeast Total 

Fresh 41 120 153 76 390 
(24.9) (19.5) (20.5) (22.7) (21.0) 

Moderately 43 149 199 97 488 
decomposed (26.1) (24.2) (26.7) (29.0) (26.2) 

Badly 81 346 393 162 982 
decomposed (49.1) (56.3) (52.8) (48.4) (52.8) 

Total         Region 165 615 745 355 1,860 
[8.9] [33.1] [40.0] [18.0] 

Coast 780 
[42.0] 

1,080 
[58.0] 

Brackets [] indicate percentages across a row; parentheses () indicate percentages down a column. No cells were significant at P < 
0.05; x2 = 7.38, P = 0.29. 
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Table 21. Frequency distribution of manatee (Trichechus manatus latirostris) deaths in Florida by three carcass condi- 
tion categories and three size classes (April 1976 to March 1992; n = 1,810). 

Size class (cm) 
Carcass condition 42-175 176-275 276-411 Total 

Fresh 73 170 142 385 
(15.2) (23.2) (23.8) (21.3) 

Moderately 
decomposed 

99 
(20.6) 

223 
(30.4) 

163 
(27.4) 

485 
(26.8) 

Badly decomposed 308 
(64.2) 

+++ 

341 
(46.5) 

291 
(48.8) 

940 
(51.9) 

Total 480 734 596 1,810 
[26.5] [40.6] [32.9] 

+ and - indicate level of cell significance (standardized residuals, see Methods). One symbol indicates P < 0.05, two indicate P < 
0.01, and three indicate P < 0.001; x2 = 40.9, P < 0.001. 
Brackets [] indicate percentages across a row; parentheses 0 indicate percentages down a column. 

Table 22. Frequency distribution of manatee (Trichechus manatus latirostris) deaths in Florida by seven cause-of-death 
categories and three carcass condition categories (April 1976 to March 1992; n = 1,837). 

Carcass condition 
Moderately Badly 

Cause of death Fresh decomposed decomposed Total 

Watercraft collision 144 172 166 482 
(37.3) (35.5) (17.2) (26.2) 

+++ +++   

Flood gate/canal lock 26 30 28 84 
(6.7) 
+ 

15 

(6.2) (2.9) (4.6) 

Other human-related 14 24 53 
(3.9) (2.9) (2.5) (2.9) 

Various perinatal 60 64 259 383 
(15.5) (13.2) (26.8) (20.8) 
-   +++ 

Natural/cold- 16 45 27 88 
related (4.2) (9.3) (2.8) (4.8) 
(1986-92 only) +++ — 

Other natural 78 62 52 192 
(20.2) (12.8) (5.4) (10.5) 

+++   

Undetermined 47 98 410 555 
(12.2) (20.2) (42.4) (30.2) 
    +++ 

Total 386 485 966 1,837 
[21.0] [26.4] [52.6] 

+ and - indicate level of cell significance (standardized residuals, see Methods). One symbol indicates P < 0.05, two indicate P < 
0.01, and three indicate P < 0.001; y} = 286.7, P < 0.001. 
Brackets [] indicate percentages across a row; parentheses () indicate percentages down a column. 
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western Florida. The numbers of deaths from natural causes 
(deaths of perinatal manatees, deaths from low temperatures 
and from other natural causes) and from undetermined 
causes on both coasts were similar. Human-related deaths 
were higher in the southwestern region than in northwestern 
Florida. Most manatees that died from anthropogenic causes 
were adults. Population modeling indicated that reductions 
in adult mortality will have a greater effect on increasing 
manatee population growth rates than any other life- history 
attributes (Marmontel 1993; Eberhardt and O'Shea 1995). 
Therefore, the focus of conservation on decreasing human- 
related deaths is highly justifiable, particularly in eastern and 
southwestern Florida. Counties where the most carcasses 
were recovered (Table 23; Figs. 10 a-d) should receive 
assistance with the reduction of mortality in manatees. 

Mortality From Watercraft 

The number of deaths from watercraft (Fig. 10a) in 
Florida increased more than the number of deaths from 
other causes. This is probably not the result of improved 
diagnosis because injuries from collisions were often 
distinctive even on decomposed carcasses. The number 
of deaths from watercraft increased most rapidly in the 
southwestern region. However, among counties, deaths 
from watercraft were highest in Brevard County (20% of 
all deaths from watercraft), which has the most shoreline 
and inland water area, the highest year-round manatee 
population, and a large number of registered watercraft 
(« = 27,479 in 1992-93, the county with the ninth high- 
est number of registered watercraft in the state). The 
number of deaths from watercraft was also higher in 
Duval (12%), Collier (11%), Lee (10%), and Dade (6%) 
counties than in other counties. In each of these counties, 
the number of watercraft and the seasonal abundance of 
manatees was high, and the congestion of waterways was 
intense. O'Shea et al. (1985) reported that deaths from 
watercraft in 1976-81 were most frequent in north- 
eastern Florida, especially in Brevard County and on the 
St. Johns River. However, in recent years, the number of 
deaths from watercraft increased to similar levels in 
southwestern Florida. Deaths from watercraft in south- 
western Florida occurred mostly in Lee and Collier coun- 
ties, indicating the need for continued management 
there. 

The correlation between the number of watercraft-re- 
lated manatee deaths and the number of registered water- 
craft was statistically highly significant (Figs. 3 and 4). 
However, the increasing number of watercraft alone may 
not be the direct cause of the increasing number of mana- 
tees that are killed in collisions. The rate of increase of 
deaths from watercraft was faster than the increase in 
registered watercraft, indicating a probable interaction that 
includes other factors. Wright et al. (1995) described sev- 

eral factors that may interact to increase mortality from 
watercraft, including the development of more powerful 
engines and new devices that provide access to previously 
less accessible habitats. 

The number of watercraft registrations declined during 
an economic recession in 1980-83 from 512,600 in 1980- 
81 to 512,300 in 1981-82 (Fig. 4); and registered water- 
craft may also have been used less often. The number of 
manatee deaths from watercraft collisions was also low 
during this period, especially in 1980 (16), 1982 (20), and 
1983 (15). The small reduction of watercraft registrations 
from 1990-91 to 1992-93 and the low number of deaths 
from watercraftin 1992 (38) and 1993 (35; Florida Depart- 
ment of Environmental Protection, unpublished data) may 
similarly be related to the economic conditions during 
1992-93, during which recreational boating may have 
been low. There is currently no method to demonstrate a 
relation between the large decrease in manatee deaths and 
the small decrease in watercraft registrations in those 
years. However, data from the 2 years after the end of the 
recent economic recession may provide information about 
a relation between the present decline of the number of 
deaths from watercraft, the economic recession, and im- 
proved protection of the manatees. A more direct index of 
watercraft usage (e.g., total hours on the water, distance 
travelled per year, amount of sold fuel) would be desirable. 

Most living adult manatees have healed wounds that are 
indicative of past collisions with watercraft; many adults 
are identifiable by patterns of scars and disfigurements 
(Reid et al. 1991; Beck and Reid 1995). Most carcasses of 
large adults, regardless of cause of death, have scars from 
previous watercraft collisions, and some have hidden in- 
ternal injuries such as healed fractured ribs. These serious 
but sublethal injuries may increase mortality from other 
causes and may decrease rates of reproduction of injured 
individuals. 

Mortality in Flood Gates and Canal Locks 

The preponderance of deaths in flood gates and canal 
locks in southeastern Florida was understandable because 
of the larger number of canals and structures for water 
control and navigation in southeastern Florida than in 
other regions. The large number of deaths in these struc- 
tures in spring and fall may be due to several factors. For 
example, migrating manatees may be killed while they 
move through areas with these structures. Because of 
frequent rain, the repositioning of flood gates is also most 
frequent in fall when manatees migrate (Odell and 
Reynolds 1979). Although relative proportions decreased 
with time, the absence of a trend toward annually declining 
numbers of deaths in these structures, despite their known 
locations and long recognition as a cause of death (Odell 
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Fig. 10. Locations where Florida 
manatees (Trichechus manatus 
latirostris) were found dead from 
any of four causes of death in 
Florida and in adjacent states, 
1974-1992. A. Collisions with 
watercraft (n = 522 in Florida and 
n = 5 in Georgia, 1974-1992). B. 
Flood-gate and canal lock (n = 89 
in Florida and n = 0 in other states, 
1974-1992). C. Various of peri- 
natal manatee (n = 426 in Florida 
andn = 3 in Georgia, 1974-1992). 
D. Cold-related (n = 88 in Florida, 
n = 4 in Georgia, and n = 1 in 
Alabama. Single deaths in North 
Carolina and South Carolina are 
not shown. Note: The cold-related 
category was used only during 
1986-1992). 
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and Reynolds 1979), points out the need for more intensive 
management to stop the problem. 

Recent Management 

Management and conservation by the Florida Depart- 
ment of Environmental Protection accelerated in 1989 at the 
direction of the governor and the cabinet (*Florida Depart- 
ment of Natural Resources 1989) and are commensurate 
with the Florida Manatee Recovery Plan (*U.S. Fish and 
Wildlife Service 1989). The increasing number of deaths 
from watercraft collisions prompted the establishment of 
more protection zones and legislation to reduce watercraft 
speeds in areas that are frequented by manatees. The estab- 
lishment of watercraft speed zones was based in large part 
on the number and location of manatee deaths from water- 
craft collisions but also on data from aerial surveys and from 
studies with telemetry and on other types of data. Many 
seasonal zones where watercraft must use slow or reduced 
speeds were created to protect manatees. A few closed 
refuges were created where no watercraft or only non-pow- 
ered watercraft are permitted. Most are small, winter-only 
refuges at warm-water aggregation sites. 

Staff of county governments and the Florida Department 
of Environmental Protection are developing manatee pro- 
tection plans for 13 key counties—those with many mana- 
tees or many deaths of manatees. These plans are one part 
of the Comprehensive Growth Management Plans under 
Florida's Local Government Comprehensive Planning and 
Land Development Regulation Act of 1985 that are required 
from all counties for reducing the many effects of rapid 
development (O'Shea 1995; Reynolds 1995). Protection 
includes watercraft speed zones, limitations on expansion of 
marinas and shoreline developments, and determination of 
appropriate locations for boating facilities. Other recom- 
mended protection includes the establishment of maximum 
speed limits in congested areas, compulsory boating safety 
education, boater licensing, and additional Florida Marine 
Patrol officers to enforce these new statutes. Many of these 
measures would benefit manatees and increase boating 
safety for humans. 

Geographic Information System (GIS) maps were cre- 
ated by the Florida Department of Environmental Protection 
that display locations of manatee deaths (Figs. 10 A-D), 
shorelines, aquatic habitats, manatee locations identified 
during aerial surveys and with radiotelemetry, boating fa- 
cilities, boating speed zones, and more. O'Shea and 
Kochman (1990) described various manatee data sets avail- 
able for use in GIS systems. The GIS mapping system has 
been used extensively by the Florida Department of Envi- 
ronmental Protection and other agencies to develop manatee 
protection plans in areas of manatee concentrations, impor- 
tant habitats, boating, and shoreline developments (Weigle 
and Haddad 1990). 

The number of manatee deaths was lower in 1992 and 
1993 (Florida Department of Environmental Protection, 
unpublished data) than in recent years, but whether this was 
random chance, a reflection of decreasing population size, 
or the result of recent protection must yet be determined. The 
assessment of the success of recent increased protection is 
difficult because the number of deaths per year in each 
protected area is small and usually highly variable. 

Catastrophic Deaths 

Uncommon, catastrophic mortality from various causes 
has occurred every few years. Most of these deaths were 
apparently from low temperatures (*Campbell and Irvine 
1981; Buergelt et al. 1984; O'Shea et al. 1985) but seem- 
ingly once from red tide (O'Shea et al. 1991). Because 
specific lesions or pathogens were not found on manatees 
that died from low temperatures or from red tide, causes of 
deaths were based on associated environmental conditions. 

Red-tide 

Presumed red-tide toxicity was described by O'Shea 
et al. (1991). Exposure to red-tide toxins near the Ft. Myers 
aggregation area seemingly caused 37 deaths in Lee County 
in spring 1982 (O'Shea et al. 1991). Deaths were linked to 
an unusual combination of high salinities in the estuary 
(because of drought), which allowed high levels of red-tide 
organisms and ascidians to flourish inshore and early disper- 
sal of manatees from the nearby aggregation sites into the 
estuary in spring. Manatees ingested the ascidians or came 
into direct contact with the red-tide brevetoxin (Gymno- 
dinium breve), which caused neurologic symptoms. These 
deaths were placed in the category of other natural causes of 
death. 

Hurricanes 

Whether hurricanes have killed manatees is not known. 
However, Marsh (1989) described the stranding of at least 
27 dugongs (Dugong dugon) by a tropical cyclone in north- 
ern Australia in 1984. Hurricane Andrew stranded at least 
one live Florida manatee in August 1992. Preen (*1993) 
reported extensive seagrass mortality in Hervey Bay, Aus- 
tralia, after a cyclone and flood. Hurricane Elena forced salt 
water into the Crystal River system in September 1985 and 
caused a reduction of freshwater aquatic plants (especially 
Hydrilld), which is the primary food in winter of the growing 
population of manatees there (J. Reid, National Biological 
Service, Sirenia Project, unpublished data). A similar de- 
cline occurred after an unnamed storm in March 1993. 

Low Temperatures 

Extremely low temperatures caused many deaths in some 
winters (*Campbell and Irvine 1981; Buergelt et al. 1984; 
O'Shea et al. 1985). Cold stress was described as a syn- 
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drome by Buergelt et al. (1984) and O'Shea et al. (1985). 
Hartman (1979) and O'Shea et al. (1985) reviewed histori- 
cal accounts of deaths after cold fronts. Manatees cannot 
survive indefinitely in water that is colder than about 16° C. 
However, lethal temperatures and lethal exposure times are 
not well documented. Florida manatees travel to natural 
warm springs, to far southern Florida, or to warm-water 
effluents (e.g., power plants) in winter when water tempera- 
tures fall below 20° C and daily low air temperatures fall 
below 10° C (Hartman 1979; Bengtson 1981; *Powell and 
Waldron 1981; O'Shea 1988). Manatees only occasionally 
move voluntarily into water that is colder than 15° C; 13.5° 
C is the lowest published temperature (Hartman 1979), but 
documentation is not extensive. Buergelt et al. (1984) re- 
ported the death of a rehabilitating animal in a tank at 14° C. 
Campbell and Irvine (*1981) observed that feeding by cap- 
tive manatees became irregular at 18-19° C, and feeding 
and other activity ceased below 16° C. Bengtson (1981) 
reported that some individuals remained in warm-water 
refuges without feeding for as many as 7 days when water 
temperatures were coldest. Irvine (1983) found that below 
20° C, manatees had to increase their metabolic rates. 
Deaths from low temperatures occurred most frequently in 
subadults (O'Shea et al. 1985). 

The number of deaths in winter (December to March) 
from the combined natural (cold-related, other natural) and 
undetermined causes were highest (21%) in Brevard 
County. The largest number of manatees that is at risk from 
cold is at two power plants in Brevard County where the 
surrounding water may be cold. High numbers of deaths in 
winter also occur in Lee (18%, including red tide 1982), 
Duval (12%), Monroe (9%), and Collier (7%) counties. In 
these counties, a relatively large number of manatees spend 
the winter in cold water (Brevard, Duval) or away from any 
source of warm water (Lee, Collier, Monroe). The number 
of deaths was much lower near the Crystal River and Blue 
Spring (*Campbell and Irvine 1981) and at Tampa Bay (S. 
Wright, Florida Department of Environmental Protection, 
St. Petersburg, unpublished data). 

In northeastern Florida, the air and water temperatures 
are the coldest in the state, and sources of warm water are 
not reliable. Coastal areas north of Cape Canaveral are 
cooled by south-flowing, cold ocean currents. Large, shal- 
low estuaries such as the northern Indian River Lagoon cool 
quickly when air temperatures drop after the passage of 
winter cold fronts (Witherington and Ehrhart 1989). South- 
eastern Florida is kept warmer by its proximity to the north- 
flowing, warm Florida Current. 

Water temperatures of the natural, warm springs are 
consistently near 22° C (Rosenau et al. 1977). In contrast, 
temperatures of warm-water effluents of power plants vary 
with the intake water temperature and are usually no warmer 
than 7-10° C above the intake temperature. During severely 

cold weather, water temperatures can fall so low (4-8° C; 
Witherington and Ehrhart 1989) that even the warmed efflu- 
ent is too cold for the survival of some manatees. In addition, 
power plant effluents are occasionally interrupted because 
of mechanical failure or for scheduled maintenance 
(Packard et al. 1989). 

Evaluation of Data From Previous Cold- 
weather Events 

Campbell and Irvine (* 1981) reported that 38 carcasses 
were recovered after low temperatures on 20 January 1977 
(Table 5). The carcasses were recovered from January to 
March 1977 (deaths from undetermined causes: 22 in 
Brevard, 8 in Duval, 3 in St. Johns, 2 in Lee, 3 in Monroe 
counties). Campbell and Irvine (* 1981) documented water 
temperatures at the Florida Power and Light Company 
plant near Titusville. Intake temperature reached a low of 
8° C on 20 January. Outlet temperatures were below 21° 
C during most of the winter and dipped to 11° C and 13° 
C during two partial shutdowns of the plant. The carcasses 
were recovered in the area several days after the partial 
shutdowns. O'Shea et al. (1985) noted that at least one 
generating unit remained in operation during the shut- 
downs and concluded that the plant shutdown was not 
responsible for the deaths. However, the deaths may have 
been caused by the combination of the shutdown and the 
already low ambient temperatures. 

Buergelt et al. (1984) described 30 carcasses that were 
recovered during January-February 1981, mostly in 
southwestern Florida (O'Shea et al. 1985). We identified 
cases that matched these observations (4 deaths from other 
natural causes, 26 deaths from undetermined causes; Table 
5). O'Shea et al. (1985) described the winters of 1976-77 
and 1980-81 as two of the coldest recorded in Florida 
(Table 5). Witherington and Ehrhart (1989) recorded 
water temperatures of 4-8° C during these cold fronts. 
Buergelt et al. (1984) described 34 carcasses that were 
recovered during January-February 1984 (19 deaths from 
other natural causes, 15 deaths from undetermined causes; 
Table 5). Nine additional carcasses in 1984-85 and one in 
December 1985 were of manatees that died from low 
temperatures but were recorded in the database as mana- 
tees that died from other natural causes. The deaths were 
re-categorized for this analysis as catastrophic deaths and 
were combined with deaths from low temperatures since 
January 1986 and with the 37 deaths from a red tide in 
1982. 

Potential Catastrophes at Aggregation Sites 

Catastrophic mortality is possible at warm-water sites 
where many manatees aggregate in winter. As much as 
10-15% (200-300 manatees) of the known state population 
(Ackerman 1995) is sometimes at each of several sites. In 
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the past, many animals died from low temperatures (se- 
verely low temperatures or power plant shutdowns) near 
these aggregation sites and from red-tide toxicity (O'Shea 
et al. 1991). The animals in these concentrations are also 
vulnerable to rapid disease transmission because of frequent 
touching and social behavior (Hartman 1979). Concentrated 
animal waste products and warmer water temperatures pro- 
mote the flourishing of disease organisms. Large numbers 
of manatees could also be exposed to oil or chemical spills 
near these sites. All industrial warm-water sites in Florida 
where manatees aggregate are near industrial ports or where 
fuel is unloaded to power plants. 

The described deaths have not been catastrophic. Less 
than 5% of the population seemingly died in any one event, 
and no changes in population size were detected during 
aerial surveys. But these events demonstrated the vulner- 
ability of manatees to stochastic mortality that may be 
catastrophic in the future. Plans are needed for responding 
to such events and must include provisions for the rescue 
and treatment of affected animals (Buergelt et al. 1984; 
O'Shea 1988). 

Program and Database Changes 

Contingency Table Analysis 

O'Shea et al. (1985) made many analyses that either 
substantially pooled or omitted some cause-of-death cate- 
gories (e.g., pooled human-related causes of death or used 
only determined causes of death). This was often necessi- 
tated by small sample sizes. We retained as many catego- 
ries as possible because we were more interested in docu- 
menting the many possible significant associations rather 
than in obtaining pooled models with fewer, stronger 
significant interactions. Improved diagnostic procedures 
increased the number of deaths categorized as from natural 
causes (especially from low temperatures) and decreased 
the number of deaths categorized as from undetermined 
causes over time. This greatly complicated the analyses of 
trends and patterns. 

Because the sample size (number of carcasses) is now 
more than five times larger than that reported by O'Shea 
et al. (1985), more interactions were significant and the 
power of tests to determine significance was higher. This 
also complicated the analysis and interpretation. O'Shea 
et al. (1985) found no significant three-way interactions; 
however, we found many. 

Changes in the Recovery, Examination, and 
Categorization of Carcasses 

The assessment of trends through time and space is 
critical to understanding changes in the number and 
causes of deaths. It provides valuable information about 
specific places or human activities that require action 
and may reveal areas where protection is effective. How- 

ever, despite the large, long-term database of mortality 
records collected in a seemingly similar fashion, numer- 
ous pitfalls exist. These can cause several forms of bias 
that complicate the data for trend assessment. 

• The carcasses were necropsied by individuals of 
unequal skills. The freshest carcasses—but not all 
carcasses of advanced decomposition—were usu- 
ally necropsied by one of several veterinarians or 
pathologists. 

• Decomposition can be rapid and therefore limit the 
possibility of detecting some causes of death, espe- 
cially from cryptic, subtle natural causes. 

The prompt recovery of carcasses increased. Recovery 
of carcasses is the primary duty of seven full-time employees 
of the Florida Department of Environmental Protection who 
are strategically stationed throughout the state. Formerly, 
only a few centrally located people who also had other duties 
recovered carcasses. A wildlife disease specialist-patholo- 
gist was added to the Florida Department of Environmental 
Protection staff in May 1989. In November 1992, a central- 
ized facility forperforming necropsies was completed where 
tissue, serum, and voucher specimens are stored. In 1993, 
refrigerated trailers for transporting manatee carcasses were 
developed to slow the decomposition of carcasses (J. M. 
Sweat and S. D. Wright, Florida Department of Environ- 
mental Protection, St. Petersburg, Florida, personal commu- 
nication). 

The intensity of recoveries was not always equal 
among regions of the state and was probably low in areas 
that were far from the few research stations. This remote- 
ness probably lowered the carcass detection rate and 
lengthened the recovery times, as a result of which a 
higher proportion of causes of death were not determined 
(O'Shea et al. 1985). 

The ability to detect subtle causes of death improved 
through time. Improvements in necropsy procedures and 
the recovery network were made over the years. Little 
was known about some natural causes of death when the 
recovery of carcasses began. Biomedical testing proce- 
dures and tissue and serum banks improved. Signs of 
some subtle causes of death became better understood 
(e.g., mortality from low temperatures; *Campbell and 
Irvine 1981; O'Shea et al. 1985). As a result, the propor- 
tion of cases for which cause of death remains undeter- 
mined decreased, although the number of deaths from 
undetermined causes did not decline. 

As understanding of subtle causes of death became 
clearer, certain causes of death were categorized differently. 
For example, the cause of death of animals that died from 
low temperatures was categorized as undetermined from 
1974 to 1981, as natural in 1981-85, and as cold-related 
since 1985. No concerted effort was made to reclassify cases 
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from the early years for which a more definitive diagnosis 
could perhaps now be made. 

The awareness by the public and by local law enforce- 
ment agencies of the need for manatee protection also 
increased and may increase the reporting of carcasses to 
authorities. In addition, enforcement agencies such as the 
Florida Department of Environmental Protection Marine 
Patrol became more aware of the need to quickly respond 
to reports of carcasses before decomposition destroys 
valuable indicators of cause of death. 

Many carcasses are reported by boaters, but the density 
of boaters is not equal throughout the state. Although some 
areas are heavily travelled, others are less populated or 
unpopulated. The number of boaters increased faster in some 
counties, such as Collier County, than in other areas and 
corresponded to the rapid increase in human populations 
there. 

Presumably many manatees are killed by watercraft in 
the waterways with the largest number of boaters. This may 
result in a proportionately higher detection rate of deaths 
from watercraft. 

Several of these changes through time have probably 
caused a series of biases, which to some degree may limit 
the usefulness of these data for determining trends in mor- 
tality. Retrospective testing of this hypothesis does not seem 
possible at present. Other changes through time such as 
faster recovery times and differing necropsy skills may have 
affected the proportion of undetermined causes of deaths. 

Changes through time, such as increasing citizen aware- 
ness, increasing boating, and more Florida Marine Patrol 
officers and carcass recovery staff may have increased the 
detection rate of carcasses, causing an apparent increase in 
the number of deaths. Assessment of the percentage of 
detected carcasses (detection rate) has not been possible. 
The detection of almost all carcasses of large manatees and 
the detection of a smaller proportion of small calf carcasses 
was assumed. However, for accurate population assessment, 
an accurate estimate of the true number of deaths would be 
better. 

Differences between regions in the number of manatees, 
citizens, boaters, and researchers may have caused an appar- 
ent difference in the number of deaths between regions of 
the state. Regions differ in the degree of environmental 
awareness and interest in manatees by citizens and law 
enforcement agencies and in the proximity to manatee re- 
search stations. The number of deaths must be assessed in 
relation to the size of the living manatee population in each 
region. As yet, the size and the sex and age compositions of 
the populations in most areas of Florida have not been 
determined (Ackerman 1995). Manatee population size and 
density differ between regions. The sizes of some subpopu- 
lations may be increasing, but those of others may be de- 
creasing (Ackerman 1995). 

Changes through time such as differing necropsy skills, 
increasing number of researchers and boaters in some areas, 
and changes in ability to detect subtle causes may have 
caused an apparent change in the proportions of deaths by 
causes and by region. Faster recovery and better under- 
standing of subtle causes decreased the relative proportion 
of deaths from undetermined causes and therefore caused a 
corresponding increase in the proportion in several other 
categories. Causes of death such as watercraft collision and 
flood-gate and canal-lock crushings were more easily deter- 
mined even on moderately decomposed carcasses and thus 
would not necessarily increase proportionally as much as the 
deaths from the more subtle undetermined causes that could 
be better detected with improved procedures. 

The most remote waters are in southwestern Florida, 
which for many years was farthest from a research station. 
The higher proportion of deaths from undetermined causes 
in this region may have been related to the high proportion 
of badly decomposed carcasses there. This pattern prob- 
ably surfaced because of the inability of researchers to 
categorize decomposed carcasses rather than from differ- 
ences in decomposition rate from specific causes of death. 
Many small carcasses were categorized as perinatal calves 
based on size when specific causes of death could not be 
determined; many of these carcasses also were of mana- 
tees that died from undetermined causes. 

Mortality in Relation to Population 
Status and Trends 

The number of manatee deaths in Florida and the number 
of deaths in nearby states increased (O'Shea 1988). In the 
absence of detailed analysis, the reported number of deaths 
has seemed to be higher than the population can support 
without declining in size (*Brownell et al. 1981; *Eberhardt 
1982; *Packard 1985; Eberhardt and O'Shea 1995). This 
increase in reported deaths was used to support increased 
protection and resulted in the impression by some that the 
manatee population has been decreasing for many years. 
This, however, may not be true. 

Considerable evidence, such as increasing counts (Ack- 
erman 1995; Garrott et al. 1995) and increasing extralimital 
sightings (O'Shea 1988), seems to indicate that the popula- 
tions in many areas may have been increasing since the 
1970's. Population trends and dynamics are poorly known, 
but 1,856 animals—more than were previously known— 
were counted in statewide aerial surveys in January 1992 
(Ackerman 1995). The increasing number of deaths could 
conceivably be in part the result of constant mortality ap- 
plied to an increasing population. However, no conclusive 
evidence exists to determine whether the population in- 
creased or decreased in the last few years; factors that can 
contribute to a true increase in mortality, however, were also 
increasing. 
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Research, management, and public awareness (e.g., wa- 
tercraft speed zones, reduction of harm from shoreline de- 
velopments) reduced some threats to manatees. Yet, the 
human population of Florida increased at 2.9%/year during 
1980-90 (U.S. Census data, Florida Department of Environ- 
mental Protection, Office of Planning and Research, unpub- 
lished report). Many threats to manatees are still worsening; 
for example, the increasing number of registered watercraft, 
increasing speed and horsepower of watercraft (Wright et al. 
1995), decreasing pristine habitat, increasing stormwater 
and upland runoff from development and agriculture, de- 
creasing amounts of seagrasses, increasing turbidity in many 
areas, and increasing harassment by humans at warm-water 
refuges. The few favorable changes for manatees include 
increases in introduced freshwater aquatic plants (O'Shea 
1988) and reductions of point-source pollution (sewage and 
industrial discharges). 

Although evidence suggests that the manatee population 
may be able to increase in some areas, the number of deaths 
in the 1990's may exceed the capacity of the population to 
increase, and the population size may recently have begun 
to decline. Gerrodette (1987) discussed the difficulty of 
detecting slow changes in population size. Population mod- 
eling (*Packard 1985; Marmontel 1993; Eberhardt and 
O'Shea 1995) will assist researchers with understanding 
current population dynamics. Given the uncertainty in cur- 
rent trends in population size, continued protection and 
conservation of the manatees to the fullest extent possible 
seem prudent. Further information on causes of mortality 
and their contributing factors will improve manatee protec- 
tion. 

Recommendations for Further Research 

The recovery of carcasses, which permits the monitoring 
of the number of deaths and provides biological specimens 
for research, should be continued. The development and 
improvement of diagnostic tools should continue. Despite 
recent improvements, the causes of death of many dead 
manatees remain unknown. These may be deaths from 
subtle natural causes. Natural mortality from epizootics and 
infectious diseases may have catastrophic effects because 
the populations in many areas are highly aggregated in 
winter. Improved microbiological, serological, and immu- 
nological techniques are necessary to establish the kinds and 
prevalence of disease agents such as viruses. Continued 
recovery and necropsy of carcasses are necessary to increase 
the understanding of manatee diseases and other causes of 
death. 

Population models (*Packard 1985; Marmontel 1993; 
Eberhardt and O'Shea 1995) should be used to assist with 
assessing trends in manatee population dynamics. The num- 
ber of deaths, age data, aerial-survey counts, and percentage 
of calves should be incorporated in population models. 

Comparisons should be made by region or at least between 
the eastern and western coasts. The number of deaths of 
calves and larger animals should be compared with esti- 
mates of the population size from aerial surveys. Deaths in 
nearby states should also be included. 

The mortality database should be expanded to include a 
supplemental variable that allows the separate analyses of 
deaths from low temperatures and from red tides. Data from 
before 1986 should be re-evaluated to identify deaths that 
were probably caused by low temperatures. 

The causes of death of calves in different developmental 
stages must be more specifically analyzed. A method is 
being developed to age calves that are younger than 1 year 
from layers in teeth (D. K. Odell, Sea World of Florida, 
Orlando, Florida, personal communication). The number of 
deaths of perinatal calves from specific identifiable causes 
should be assessed by age, length, weight, season, water 
temperature, and region. 

Efforts to match photographs of carcasses to photo- 
graphs in the living-animal scar catalog (Beck and Reid 
1995) should be increased. This will help relate mortality 
data to information on recognizable living animals and 
improve survival estimates (O'Shea and Langtimm 1995). 

The annual number of deaths from watercraft should be 
modeled by county in relation to human and seasonal mana- 
tee populations, number of registered watercraft, water area, 
shoreline, degree of waterway congestion, and other appro- 
priate variables. The carcass recovery rates should be esti- 
mated by region so that total mortality can be estimated. 

A possible relation between winter temperatures and the 
number of deaths from low temperatures should be exam- 
ined with a temperature index that is sensitive to prolonged 
cold water temperatures, such as that used by Garrott et al. 
(1995). Winter temperatures may correlate with increases in 
mortality of perinatal manatees later in the same year and 
with lowered reproduction in the next few years. 
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Abstract. From 1974 to 1991, the annual number of manatee (Jrichechus manatus latirostris) 
deaths in Florida increased. The most frequent cause of death from human activity is collision with 
watercraft. Scars and wounds from propellers are common. A total of 1,376 sets of fatal or healed 
wounds was measured on 628 dead manatees recovered from 1979 through 1991. Collisions with 
watercraft caused 406 of these deaths. Of the 406 deaths, propeller cuts caused 158 (39%); impact 
injuries (no propeller cuts) caused 224 (55%); propeller cuts and impact injuries, either of which would 
have been fatal, caused 16 (4%); and unidentified specifics of the collisions caused 8 (2%). Fatal cuts 
were usually larger (longer) than healed wounds. Many animals survived several boat collisions; one 
manatee had 22 separate patterns of propeller cuts. The mean length (x = 38.3 cm) of the longest fatal 
cut from a propeller indicated that death was most often caused by a direct-drive watercraft. In contrast, 
fatal-impact injuries may have resulted from fast-moving watercraft of many sizes and types. Impact 
injuries killed more manatees than propeller cuts and increased in proportion with time. Impact often 
resulted in massive internal injuries with only minor surface abrasions. Only 2% of the propeller strikes 
were to the head, but 98% were to the dorsum. In addition, nearly 90% of scar patterns were along the 
head-to-tail axis, indicating manatees were moving in response to an oncoming boat when struck. 

1 Now with the National Biological Service, same address. 
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Changes in watercraft design may increase the frequency of operation of boats in shallow water. This 
increases the probability of collisions with manatees. 

Key words: Manatee, Trichechus manatus latirostris, watercraft-related mortality, propeller scars, 
boats, Florida, United States. 

Since 1974, the circumstances and causes of Florida 
manatee (Trichechus manatus latirostris) mortality have 
been carefully documented. Watercraft-related mortality 
of manatees (fatal collisions with watercraft of various 
sizes) is the leading cause of mortality from human activity 
(78% of anthropogenic deaths, 1974-91). It is also one of 
the leading overall causes of mortality (25% of all deaths, 
38% of deaths with identified causes, 1974-91; Ackerman 
et al. 1995). Moreover, the annual number of these deaths 
has increased steadily, and at least 40% of all watercraft- 
related deaths during 1974-91 occurred during 1987-91. 
The highest annual mortality from watercraft was 53 
deaths in 1991. By comparison, some categories of mor- 
tality have not increased (Fig. 1; Ackerman et al. 1995). 

Witnessed collisions between manatees and watercraft 
are rarely reported to authorities. Details such as boat size, 
speed, or engine horsepower are only known of approxi- 
mately 20 of nearly 600 documented watercraft-related 
deaths of manatees. As a result, no direct assessment is 
possible of the fatal interactions between boats and mana- 
tees. For that reason, Beck et al. (1982) initiated an indirect 
assessment of the types of boats that collided with mana- 
tees from 1974 through December 1979. They measured 
fatal wounds from propellers and nonfatal scars from 
propellers on manatee carcasses. They then examined the 
relations between propeller dimensions and engine horse- 
power of various hull lengths of boats and compared these 
with measurements of carcasses. We examined similar 
data by the same criteria described in Beck et al. (1982) 
during 12 years from January 1979 through December 
1991. In addition, we describe changes in boating technol- 
ogy that may affect manatees. 

Recoveries of Manatee 
Carcasses and Necropsies 

Recoveries and necropsies of manatee carcasses were 
initiated in 1974 by the Sirenia Project of the U.S. Fish and 
Wildlife Service in Gainesville, Florida, and by the Uni- 
versity of Miami. These two institutions began to cooper- 
ate and share data, resulting in the beginnings of a state- 
wide perspective on mortality (*2Bonde et al. 1983). Over 
time, several other institutions and oceanaria became in- 
volved under the authority of the U.S. Fish and Wildlife 

Service. In 1985, the Florida Department of Natural Re- 
sources (currently reorganized under the Florida Depart- 
ment of Environmental Protection) assumed responsibility 
for conducting necropsies under the authority of the U.S. 
Fish and Wildlife Service. Almost all necropsies of mana- 
tees are presently conducted by Florida Department of 
Environmental Protection personnel; other institutions oc- 
casionally participate. Efforts in data collection have been 
variable, and the collection of data types has changed. 

The purpose of the recovery of carcasses is the determi- 
nation of the causes of deaths and the collection of the 
maximum amount of biomedical and anatomical data. The 
degree of carcass decomposition limits data collection. Car- 
casses from watercraft-related deaths are in two major 
groups (impact and propeller) that are determined by the 
type of damage and physical appearance at necropsy. Be- 
cause few collisions are witnessed, the only available source 
of information on the size and type of the boats is the 
appearances of carcasses at necropsies. Beck et al. (1982) 
were the first to infer boat size from scar or wound dimen- 
sions on carcasses. 

A major emphasis of this study and of that of Beck et al. 
(1982) was the appearance and dimensions of the fresh 
propeller cuts and healed wounds from propellers on mana- 
tees. Manatees struck by the propeller of a passing boat have 
distinctive measurable cuts. Fresh cuts, either fatal or non- 
fatal, have clean, well delineated edges, and healing has not 
begun. The knife-like edges of boat propellers cut through 
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Fig. 1. Annual mortality of the Florida manatee (Trichechus 
manatus latirostris) from 1976 through 1991. The total 
number of deaths from three anthropogenic causes are 
compared with the total number of deaths of perinatal 
manatees. Exponential regression was used to fit the curves 
to number of deaths. 
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the thick manatee skin, rather than tearing it, leaving clearly 
defined wounds. Healing wounds often have less distinct 
edges of the cut. Deep wounds may become contaminated 
and necrotic. Necrosis slows healing and can change the 
shape of a wound and in some cases disfigure the animal 
(Jones and Hunt 1983). Contaminated wounds from propel- 
lers can cause prolonged illness and death. As a result, they 
are a potential delayed threat to an animal that initially 
survives a collision. Healed wounds initially appear white 
and are in the shape of the cuts. Over several years, most scar 
tissue re-pigments, becoming dark and visible only upon 
close examination (Beck and Reid 1995). The change in scar 
color from a more obvious white color to a less obvious dark 
gray color may give the false impression of shrinkage when 
actually the original size and shape of the cut remain the 
same. 

Measurements of wound components were compared 
between scars and fatal wounds from propellers (fresh) 
during 1979-91. In nearly all cases, propeller cuts were in 
patterns (Fig. 2). The long axis of the propeller pattern 
paralleled the path of the boat, but a determination from 
the scar pattern as to which of the two possible directions 
the boat was traveling was impossible. The propeller pat- 
tern was measured (cm), including the total length of the 
pattern, the total length of each cut in the pattern, and the 
distance between each cut of the pattern (Fig. 2). The depth 
of the deepest cut was measured on fresh carcasses, but the 
value of this measurement was somewhat limited. Large 
propellers often cut completely through the body wall into 
the body cavity, and the actual depth of the cut could 
therefore not be measured. The length of the longest cut, 
combined with the greatest depth of the cut, was used for 
the best minimum estimate of the propeller diameter. 

Individual wounds were excluded from analyses when 
their sources could not be stated with certainty (propeller, 
impact, skeg, other). Not all measurements were or could 
be made on every set of wounds. The spatial pattern of 
scars (i.e., the position of the scar pattern relative to the 
head-to-tail axis of the carcass) was documented by 
sketches and by photographs. Data were entered into 
Dbase 3+, and statistical analyses were made with PC SAS 
6.03 (SAS 1988). 

Deaths from impact were from fatal strikes by the hull, 
by the lower unit of an outboard or stern-drive engine, or 
by some other blunt structure on the boat hull (rudder, keel, 
anti-pitch planes, and anti-crabbing planes). Impacts typi- 
cally did not leave distinctive or measurable marks. Impact 
injuries sometimes disfigured the animal and occasionally 
were marked by hull paint or a skeg mark, but external 
indications of traumatic death usually were absent. Ani- 
mals often had many dislocated or broken ribs or both. 
Often, organs were damaged from the sharp edges of the 
broken ribs, or organs were torn by the force of the impacts. 
Exsanguination into the abdomen or pleural spaces was 
common. Impact occurred in more than half of the deaths 
from watercraft. However, there were no measurable fea- 
tures and therefore almost no indication of the size of the 
boat that caused the mortality. 

Skeg marks were another type of cut on carcasses. The 
skeg is the sharp portion of an outboard or stern-drive 
engine that extends below the propeller. It protects the 
propeller from striking objects and from bending. Skeg 
marks most often appeared as a single, relatively straight, 
narrow cut on the carcass. When present, skeg marks were 
aligned along the long axis of a pattern of propeller cuts 
(Fig. 2). Other sources of these long, single, shallow cuts 

Skeg mark 

Outboard propeller scar 

Distance between scars 

Length of scars 

Total length of scar pattern 

Fig. 2. The measurements taken op a typical 
pattern of propeller cuts. An example of 
a typical propeller pattern with a skeg 
mark is also shown. Inset shows how a 
manatee (Trichechus manatus latiros- 
tris) can sustain this wound during a col- 
lision with a boat with an outboard en- 
gine. 
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may have included rudders, keels, anti-pitch planes, and 
anti-crabbing planes below the hull. Manatees also may 
have injured themselves on other sharp objects (bottom 
debris, nails, or cables attached to pilings) in their environ- 
ment that could have inflicted long, straight, shallow cuts. 
Therefore, we only included a skeg mark unaccompanied 
by propeller cuts in our analysis if there was internal injury 
associated with the mark. If not, these cuts were rejected 
from analyses because we were unsure of their origin. 

Other kinds of marks on carcasses included those caused 
by the manatee being scraped or rolled along the bottom 
while trapped under a hull or squeezed between a hull and 
the wall of a canal lock chamber. These marks were occa- 
sionally accompanied by paint from hulls or impressions 
from tires used as docking fenders or bumpers. Marks from 
nets and ropes, impressions from canal locks and flood gates, 
and others were found also on manatee carcasses. However, 
these were distinguished easily from scars from propellers 
and not included in this analysis. 

The location of sets of scars from propellers were 
plotted diagrammatically with sketches and photographs 
taken at necropsy. The carcass was divided into separate 
regions consisting of the head, dorsal thorax, dorsal mid- 
body, dorsal abdomen, and tail (Fig. 3). Because patterns 
overlapped regions, the pattern was scored in the region 
where the majority of the pattern occurred. A total of 381 
scar sets was plotted from 227 carcasses. These carcasses 
were selected because all propeller patterns were meas- 
ured and clearly illustrated on the necropsy reports. Car- 
casses with only a single propeller wound or scar were not 
included in this analysis. In addition, we recorded the 
number of patterns that clearly were perpendicular to the 
head-to-tail axis of the body. 

Watercraft Registrations 

Summaries of numbers of watercraft registered in Flor- 
ida were obtained from the Florida Department of Envi- 
ronmental Protection Bureau of Vessels and Titling (un- 
published data). All powered watercraft or those longer 
than 4.8 m are required to register. Watercraft are catego- 
rized as recreational or commercial and grouped by a range 
of hull lengths and by county (Florida Department of 
Environmental Protection Bureau of Vessels and Titling, 
unpublished data). 

Trends in Watercraft-related 
Mortality and Boat Registrations 

The number of watercraft-related manatee deaths has 
increased in Florida since the beginning of record keeping 
in 1974 (Ackerman et al. 1995; Fig. 4). This increase may 
have resulted in part from increased reporting of carcasses 
because of greater awareness and interest by the public. 
Also, coordination and cooperation improved with law- 
enforcement agencies, likewise increasing their participa- 
tion in carcass recovery. During 1981-91, extended edu- 
cation of the general public and law enforcement probably 
maximized reporting efficiency, decreasing the influence 
of reporting efficiency as a factor in mortality increases. 
However, other factors, including an increase in recrea- 
tional use and development along waterways have placed 
more people in previously remote areas, increasing the 
chances of carcass discovery. 

At the same time, the number of boats registered in 
Florida has steadily increased (+3.6%/year; Fig. 4). In 

Head 2% 

Thorax 26% 

Mid dorsal 17% 
(body) 

Abdomen 36% 

Tail 19% 

Fig. 3. Percentage of scars and wounds from 
propellers (381 patterns on 227 animals) 
in five regions of the body of a Florida 
manatee (Trichechus manatus latiros- 
tris; see text for definition of body re- 
gions). 
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addition to the more than 716,000 boats currently regis- 
tered in the state (fiscal year 1990-91, Florida Depart- 
ment of Environmental Protection, unpublished data), an 
estimated 300,000 more boats were brought into Florida 
during the winter tourist season (Jenna Venero, Major, 
Florida Marine Patrol, personal communication). Boat 
registration does not necessarily reflect boating use be- 
cause some registered boats are only occasionally used 
throughout the year, whereas other boats are registered 
in other states. Variations in the economy may have 
affected sales and registration of boats in some years. 
Furthermore, scarcity of fuel during shortages and in- 
creased fuel costs may have also reduced boating and 
new boat sales. Nevertheless, increased boat registration 
and increased watercraft-related mortality during 1976- 
91 correlated (r2 = 0.89, P < 0.001; Fig. 5). Watercraft- 
related deaths in 1974 and 1975 were omitted in trend 
analyses because the carcass recovery program was not 
fully operational until late 1975 (O'Shea et al. 1985). 

Counties with the highest numbers of boat registra- 
tions did not necessarily correspond with counties with 
the highest watercraft-related mortality of manatees. For 
example, a large number of boats were registered in the 
Tampa Bay area (Hillsborough, Manatee, and Pinellas 
counties) on the west-central coast of Florida (96,000 
registrations in three counties combined, fiscal year 
1990-91; Florida Department of Environmental Protec- 
tion, unpublished data). Yet only 18 watercraft-related 
mortalities were recorded from this area during 1974-91. 
In contrast, fewer boats were registered in Brevard 
County on the east-central coast of Florida (26,800 total 
registrations, fiscal year 1990-91; Florida Department 
of Environmental Protection, unpublished data), but 94 
watercraft mortalities occurred in this area during 1974- 
91. The differences in numbers of deaths in the two areas 
may have several explanations. Historically, Brevard 

County waters supported a large manatee population 
(*Beeler and O'Shea 1988). However, some of the key 
manatee habitats (power-plant outfalls) are close to the 
Intracoastal Waterway. The Intracoastal Waterway is a 
heavily traveled corridor, used by seasonal out-of-state 
boaters and resident boaters who travel along the East 
Coast. The Tampa Bay area has a smaller manatee popu- 
lation that becomes widely dispersed during most of the 
year (*Weigle et al. 1988). Unlike in Brevard County, 
the aggregation sites of manatees in Tampa Bay are not 
adjacent to the Intracoastal Waterway, although mana- 
tees encounter ships coming to the power plants to de- 
liver fuel. A larger number of watercraft-related manatee 
deaths may be related to larger manatee populations in 
areas of concentrated boat activity. 

During fiscal year 1990-91, many more recreational 
boats than commercial boats were registered in Florida 
(Florida Department of Environmental Protection Vessel 
Registration, unpublished data; Fig. 6). Although the use 
of a watercraft has little to do with its size, in general, 
most commercial watercraft are larger (>7.9 m) and 
slower than recreational watercraft. At the same time, 
most ships (commercial watercraft) that visit Florida 
ports are not registered in Florida. Two classes of hull 
lengths, (3.7-4.9 and 4.9-7.9 m) composed a total of 
554,100 registered recreational boats or 81% of all reg- 
istered recreational boats and 77% of all registered boats. 
By comparison, recreational boats longer than 7.9-m 
were much less common but still numbered more than 
47,300. These data do not provide more specific infor- 
mation on the most common hull length in each class. A 
new form of watercraft, the personal watercraft, is in- 
cluded in the hull-length category of 3.7 m or shorter. 
During 1990-91, 26,000 personal watercraft were regis- 
tered in Florida (Florida Department of Environmental 
Protection, unpublished data). 
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of registered watercraft (x 1,000), Florida, 1976-1991. Data 
were provided by the Florida Department of Environmental 
Protection Bureau of Vessels and Titling. 
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Wounds From Propellers and 
Scar Patterns 

A total of 1,376 sets of wounds or scars from various 
sources was recorded on 628 manatee carcasses recov- 
ered from 1979 through 1991. Not all manatees recov- 
ered during this period are included in this study. Car- 
casses without scars (rare), carcasses of perinatal 
manatees, and some badly decomposed carcasses were 
not included in this study. There were 703 sets of either 
wounds from propellers or scars from propellers (pat- 
terns). Collisions with watercraft caused 406 of the 628 
manatee deaths. Most remaining animals that died of 
other causes had scars from propellers, and most animals 
that died from watercraft collisions had scars from pre- 
vious propeller strikes. Of the 406 watercraft-related 
deaths, 158 (39%) were caused by propeller strikes, 
whereas 223 (55%) resulted from impact injuries. An- 
other 16 (4%) deaths were attributed to a combination of 
impact injuries and propeller cuts, either of which would 
have been fatal. The exact categorization of the remain- 
ing 9 (2%) deaths was not determinable. 

Beck et al. (1982) reported that 42 (58%) of the 72 
watercraft-related deaths they investigated resulted from 
propeller cuts and 30 (40%) from impact. The frequency of 
death from impact seems to have increased in recent years 
from 40% to 55% (Table 1). Some of this increase may have 
resulted from a difference in classification that started in 
1985 after the Florida Department of Environmental Protec- 
tion took over the salvage and necropsies. If a carcass had 
superficial propeller cuts but extensive internal damage that 
is typical of death from impact, after 1985, the death was 

classified as impact-related, but Beck et al. (1982) may have 
classified the same death as propeller-related (defined by the 
presence of fresh propeller cuts). 

Many animals survived propeller strikes, providing the 
basis for the scar catalog described by Beck and Reid 
(1995). In addition to healed wounds from propellers, 
occasionally healed skeletal fractures—probably caused 
by boat strikes—were encountered at necropsies but were 
not common. How many animals survived collisions could 
not be determined, but nonfatal bumps may have fre- 
quently occurred. 

Sets of fatal wounds from propellers were signifi- 
cantly larger than scars from propellers in all respects 
(Table 2). The longest cuts were longer (38.3 vs. 17.8-cm 
mean length), cuts in the pattern were more numerous 
(5.4 vs. 3.0), cuts were spaced farther apart (14.3 vs. 
10.4 cm,), and wound patterns were longer in total length 
(79.7 vs. 39.2 cm) in fresh fatal wounds from propellers 
than in healed scars from propellers. These differences 
in dimensions were the result of the actual size of the 
propeller and not of the shrinkage of a wound as it healed. 
Beck et al. (1982) observed similar differences with a 
smaller data set. Results were not significantly different 
between the 1974-79 and 1979-91 data sets (Table 2). 
Length of the longest cut was the only measurement for 
which data were available for comparison with data by 
Beck et al. (1982). 

Most deaths from fatal impact injuries during 1979— 
91 included broken ribs (124 carcasses, mean 4.7 ribs, 
maximum 15) or luxated (dislocated) ribs (98 carcasses, 
mean 4.2 ribs, maximum 22). Combining broken and 
luxated ribs of these animals, the mean number of af- 
fected ribs was 6.3 (159 carcasses). One of these animals 
had a total of 34 affected ribs. 

As found by Beck et al. (1982), our study revealed that 
most manatees that were directly killed by propellers had 
25-cm and longer cuts (Fig. 7). (However, nearly as many 

Table 1. Number of watercraft-related deaths of Florida 
manatees (Trichechus manatus latirostris) by category. 
Data from 1974-1979 are from Beck et al. (1982). 
Numbers in parentheses indicate percent of total 
sample size. 

Category 1974-79 1979-91 

Propeller 42 (57) 158 (39) 
Impact 30(41) 224 (55) 
Both not used3 16(4) 
Unknown 2(3) 8(2) 
Total 74 406 

1 This category of fatal wounds from impact and from propeller was not 
used by Beck et al. (1982). 
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Table 2. Measurements (cm) and other characteristics of scar patterns of wounds from propellers and fatal wounds from 
propellers and impact injuries on Florida manatees (Trichechus manatus latirostris). Data from 1974-1979 are from 

Beck et al. (1982).   

Number of Number of Standard 

Measurement Period patterns animals X deviation Maximum 

Longest cut (cm) 

Scar 1974- -79 40 32 16.4 10.4 58.0 

1979- -91 521 257 17.8 9.7 58.0 

Fatal wound3 1974- -79 11 11 43.1 16.0 78.0 

1979- -91 136 132 38.3 18.9 134.0 
Mest, scar vs. fatal wound, 1974-79, t = 6.67, df = 49, P < 0.001 
Mest, scar vs. fatal wound, 1979-91, t = 12.24, df = 655, P < 0.001 
Mest, scar 1974-79 vs. 1979-91, t = 0.94, df = 559, P < 0.35 
Mest, fatal wound 1974-79 vs. 1979-91, t = 0.86, df = 145, P < 0.39 

Total length of pattern (cm) 

Scar 
Fatal wound3 

1979-91 439 230 39.2 
1979-91 123 120 79.7 

Mest, scar vs. fatal wound, t = 8.58, df = 560, P < 0.001 

29.8 
49.9 

196.0 
325.3 

Mean distance between cuts (cm) 

Scar 
Fatal wound3 

Number of cuts 

Scar 
Fatal wound3 

Number of broken ribs 

Fatal wound from impact 

Number of luxated ribs 

Fatal wound from impact 

1979-91 441 230 10.4 
1979-91 122 119 143 

Mest, scar vs. fatal wound, t = 5.97, df = 563, P < 0.001 

1979-91 906 359 3.0 
1979-91 159 156 5.4 

Mest, scar vs. fatal wound, t = 8.36, df = 1,063, P < 0.001 

1979-91 

1979-91 

124 

98 

Number of combined broken and luxated ribs 

Fatal wound from impact 1979-91 159 

124 

98 

159 

4.7 

4.2 

6.3 

6.3 
6.2 

2.5 
3.5 

3.3 

3.6 

4.9 

45.5 
45.5 

22 
23 

15 

22 

34 

3 Includes fatal wounds that were from propellers and from both propellers and impact. 
b Includes fatal wounds that were from impact and from both propellers and impacts. Sample sizes included only animals with affected ribs; therefore, 

means do not represent animals without affected ribs. 

animals had scars of comparable lengths, and some fatal cuts 
were smaller.) In addition, most healed scars were shorter 
than 25 cm. Although the propeller diameter was probably 

not smaller than the longest cut in a pattern, the diameter 
could have been greater. This is an identifiable limitation of 

these data. A glancing strike with a larger propeller could 
have left cuts that may suggest a smaller propeller (and 
thereby a smaller boat) was involved. This is further com- 

pounded by our observation that strikes from outboard and 
stern-drive engines do not always have skeg cuts and pro- 

peller cuts. 

Locations of Scars From Propellers 

Of the 381 examined scar patterns on 227 carcasses, 

only eight (2%) occurred to the head. Forty-three percent 
of the propeller patterns were located between the head 
and the center of the back, whereas 55% of the patterns 
were behind the center of the back (over the kidneys) to 
the end of the tail (Fig. 3). Because so few strikes oc- 
curred to the head and most strikes occurred over the 
kidneys and tail, the animals may have been diving when 
struck. We cannot determine the direction into which the 
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Maximum wound length (cm) 

Fig. 7. Frequency distribution of length of longest cut (cm) in 
patterns of wounds from propellers between scars (n = 524) 
and fatal wounds (n = 136) on manatees (Trichechus manatus 
latirostris) in Florida, 1979-1991. 

boat was traveling from the scar pattern. Eleven percent 
of the scar patterns were perpendicular to the head-to-tail 
axis of the animals. Therefore, in 89% of the strikes we 
documented, the animal was either facing or moving 
directly away from the oncoming boat when struck. 

In addition to the scars from propellers on the dorsal 
portion of the body, only nine patterns were on the 
ventral portion. Seemingly, these few animals were 
either rolling when struck or the force of the hull strike 
rolled the animal before contact with the propeller. 

Wounds From Propellers and 
Watercrafi Characteristics 

An important point by Beck et al. (1982) was that 
differences in propeller diameters were distinct between 
boats powered by inboard engines and boats powered by 
outboard or stern-drive engines. Therefore, they sug- 
gested that scar patterns measured on manatees could be 
used to determine the size of the watercraft. The propel- 
lers of smaller boats (shorter than 7.3 m) with outboard 
and stern-drive engines were too small (average 16.4 cm) 
to inflict fatal wounds, although they probably caused 
most of the nonfatal wounds from propellers. Only larger 
boats (>7.3 m) with large enough inboard engines had 
propellers (average 48 cm) that inflicted most of the fatal 
wounds from propellers. 

More recent propeller specifications were collected from 
manufacturer's guidelines, which suggested propeller sizes 
for various combinations of hull length and engine horse- 
power. Recommended propeller sizes from 19 manufactur- 
ers of outboard and stern-drive engines and 12 types of 
inboard-engine propellers were reviewed (Michigan Wheel 

1989). The most commonly recommended propeller for 
outboard or stern-drive engines of various horsepower had 
three blades and was 32.0-37.5 cm in diameter. By increas- 
ing the pitch (angle) of the propeller blades, the same 
diameter propellers can deliver greater speed. Outboard 
engines ranging from 50 to 335 hp use a 34-cm propeller. 
The largest-diameter propeller now available for smaller 
recreational boats is 51 cm for some high-horsepower stem- 
drive boats. During the past 10 years, the horsepower for 
outboard engines drastically increased, but this is not re- 
flected by changes in propeller diameter. 

Most large watercraft (>7.9 m) are powered by inboard 
engines and have exposed propellers driven by a straight 
shaft that protrudes from the bottom of the boat. Some 
exceptions to this, namely the long cigarette boats, are 
powered by multiple large horsepower outboard engines. In 
many inboard-powered boats, the propeller is protected by 
a rudder housing attached to a keel that extends below the 
propeller (Michigan Wheel 1989). This design offers only 
as much protection to manatees as the skeg on an outboard 
engine. Some small inboard-engine boats (<7 m), for exam- 
ple ski boats, have fully exposed propellers. 

According to manufacturers, the diameters of propel- 
lers of several sizes for inboard engines and on outboard 
and stern-drive boats are comparable (Fig. 8). Some as 
small as 22 cm are recommended for inboard-engine 
cruisers and runabouts of average power (Michigan Wheel 
1989). These are relatively slow cruising watercraft. An- 
other size propeller is designed especially for inboard-en- 
gine boats that travel faster than 70 mph. These double- or 
triple-bladed propellers range in diameter from 22 cm to 
35 cm. Another propeller design is exclusively for in- 
board-engine ski boats and has four blades and a 33-cm 
diameter. However, recommendations for propellers on 
inboard engines must be based on the horsepower and gear 
ratio from the engine to the transfer box and the intended 
use of the watercraft (Gerr 1989). These factors can be 
variable for inboard engines but are relatively uniform for 
outboard and stern-drive engines. 

The small propeller diameters mentioned above are 
greater than the mean lengths of healed scars from propel- 
lers and smaller than the mean lengths of fatal propeller 
cuts measured in both studies (Table 2). Because of the 
overlap in sizes of propellers on outboard and stern-drive 
engines and on inboard-powered boats, the correlation of 
the wounds from propellers or scar dimensions with a 
particular size boat seems no longer useful. A reasonable 
guess can be made in obvious examples (as in a mortality 
caused by a large ship), but overall, there seems to be too 
much redundancy. Moreover, at least half of the water- 
craft-related manatee mortality resulted from impact for 
which neither propeller nor watercraft size was indicated 
in the records. 
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Fig. 8. Manufacturer' s-recommended propeller diameter (cm) 
based on maximum rated revolutions per minute (rpm) and 
engine horsepower for outboard, stern-drive, and inboard 
engines. Data on outboard and stern-drive engines are from 
Michigan Wheel (1989). Data on inboard engines are from 
Gerr(1989). 

Trends in Watercraft 
Propulsion and Implications 

for Manatee Conservation 

A comparison of watercraft for sale at dealerships, boat 
shows, and marinas revealed some recent changes in hull 
designs and power configurations. During the past 10 
years, boat manufacturing and boat dealerships in Florida 
increased (Florida Department of Environmental Protec- 
tion Bureau of Vessels and Titling, unpublished data). In 
addition, the number of outboard-engine manufacturers 
increased. More boats are now designed to accommodate 
larger engines or twin outboard-engine configurations. 
More powerful outboard engines, such as 200 and 300 hp, 
6-cylinder engines are readily available (Jenna Venero, 
Major, Florida Marine Patrol, personal communication). 
The current choices of hull styles and the sizes of boats and 
engines were not available to boaters when Beck et al. 
(1982) collected their data (1974-79). Outboard engines 
are now constructed with alloy metals that are much lighter 
than those used in the past. Electronic ignition systems and 
changes in carburation efficiency (electronic fuel injec- 
tion) increased horsepower. Greater horsepower is avail- 
able in smaller engines because of their decreased weight, 
increased efficiency, and more compact design. To some 
extent, the U.S. Coast Guard determines appropriate limits 
of engine size based largely on hull design and water-dis- 
placement characteristics. The regulations affect only new 
boats. Subsequent modifications by owners are not regu- 
lated. 

We observed several new adaptations available to boat- 
ers that allow modifications of boats to facilitate travel in 
shallow water at high speed. However, little information 
is available on how frequently these modifications are 
used. Electric or hydraulic engine mounts can lift an out- 
board engine vertically to avoid striking the bottom in 
shallow water. Modifications of water intake ports for 
cooling outboard engines can prevent clogging with grass. 
The transom of a hull designed for one outboard engine 
can be more easily modified to accommodate two engines. 

Several new types of watercraft either did not exist 20 
years ago or were just appearing on the market (Florida 
Department of Environmental Protection, Bureau of Vessels 
and Titling, unpublished data). The outboard-driven flats 
boat is designed for fishing in shallow water. Most of these 
have wide hulls for stability and flat open decks for easy 
angling. Many have engine lifts to vertically raise the engine 
in shallow water. Anglers usually drift over grass flats or 
push along the bottom with fiberglass poles. Personal wa- 
tercraft have become increasingly popular over time. They 
are small (<2 m), usually single-person craft that are pow- 
ered by a 50-60 hp, 2-cylinder inboard engine. They use an 
impeller-driven system and do not have a propeller. A 
further recent modification of the personal watercraft is the 
jet boat. Jet boats are offered by several manufacturers and 
are powered by larger engines attached to jet-drive propul- 
sion systems similar to personal watercraft. These new boats 
are an average length of 4-5 m and can travel 48-56 km/h. 
Because personal watercraft and jet boats have no propel- 
lers, are light weight, and have a shallow draft, they represent 
a new class of watercraft that can travel at high speed in 
shallow water (<1 m). 

Since the study by Beck et al. (1982), much has changed 
in Florida. The human population greatly increased, result- 
ing in more development along the coastline and a greater 
demand on natural resources to support recreation and com- 
merce. The total number of registered boats in Florida during 
1980-81 was 502,143 and increased to 716,201 by 1990- 
91. During 1980-81,480,864 boats (96% of the total regis- 
tration) were recreational. A total of 685,075 boats (97% of 
total registration) were listed as recreational during 1990-91 
(Florida Department of Environmental Protection Bureau of 
Vessels and Titling, unpublished data). These numbers in- 
dicate a potential increase in threats to manatees but do not 
necessarily prove cause-and-effect relations in increased 
numbers of deaths. Additionally, one can only speculate 
about the effect of the increase in boating traffic on manatee 
movement, communication, and other key factors in mana- 
tee biology. 

An inevitable result of more boats in the same area is 
crowding for space and increased traveling in shallower 
water. New modifications to hulls and engines and the 
advent of personal watercraft facilitate shallow-water 
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boating at higher speeds with less risk of engine or propel- 
ler damage. These changes may have as much of an effect 
on manatees as the overall increase in boat numbers. 
Increased boat traffic in shallow water may pose an indi- 
rect threat to manatees from the destruction of seagrass 
beds that serve as food. 

Boating education, safety courses, and proposed opera- 
tors licenses would seem to be effective means of reducing 
boating accidents and of better assuring safe boating. Such 
educational programs should include information on the 
need to prevent collisions with manatees and to avoid harm 
to their habitat. In addition, plans for county-specific 
manatee protection that address critical habitat, marina 
expansion, and boating speed zones show promise for the 
protection of manatees and for other components of the 
marine ecosystem (Ackerman et al. 1995; Reynolds 
1995). In some cases, acquisition of habitat and designa- 
tion of refuges that are complete sanctuaries from boat 
entry may ultimately be necessary for enhancing the pro- 
tection of manatees. 
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Abstract. Aerial counts and the number of deaths have been a major focus of attention in attempts 
to understand the population status of the Florida manatee (Trichechus manatus latirostris). 
Uncertainties associated with these data have made interpretation difficult. However, knowledge of 
manatee life-history attributes increased and now permits the development of a population model. We 
describe a provisional model based on the classical approach of Lotka. Parameters in the model are 
based on data from'other papers in this volume and draw primarily on observations from the Crystal 
River, Blue Spring, and Adantic Coast areas. The model estimates X (the finite rate of increase) at each 
study area, and application of the delta method provides estimates of variance components and partial 
derivatives of X with respect to key input parameters (reproduction, adult survival, and early survival). 
In some study areas, only approximations of some parameters are available. Estimates of X and 
coefficients of variation (in parentheses) of manatees were 1.07 (0.009) in the Crystal River, 1.06 
(0.012) at Blue Spring, and 1.01 (0.012) on the Atlantic Coast. Changing adult survival has a major 
effect on X. Early-age survival has the smallest effect. Bootstrap comparisons of population growth 
estimates from trend counts in the Crystal River and at Blue Spring and the reproduction and survival 
data suggest that the higher, observed rates from counts are probably not due to chance. Bootstrapping 
for variance estimates based on reproduction and survival data from manatees at Blue Spring and in 
the Crystal River provided estimates of X, adult survival, and rates of reproduction that were similar 
to those obtained by other methods. Our estimates are preliminary and suggest improvements for future 
data collection and analysis. However, results support efforts to reduce mortality as the most effective 
means to promote the increased growth necessary for the eventual recovery of the Florida manatee 
population. 

Key words: Florida manatee, Trichechus manatus latirostris, population model, population dynamics, 
life history. 

A population model with life-history data may provide a from the latter two data sets has been difficult. The history 
useful tool for the evaluation of information on trends in of manatee studies in Florida has been dominated by concern 
counts and annual numbers of recorded deaths of Florida about the effect of watercraft-caused mortality on a small 
manatees (Trichechus manatus latirostris). Thus far, the population of unknown size. The recovery of carcasses 
interpretation of information about population dynamics revealed a steady increase in total recorded mortality since 
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1974 (Ackerman et al. 1995). An increase in public aware- 
ness of the problem possibly improved the efficiency of 
locating carcasses that probably stabilized in many areas 
because the program has now been of long duration. How- 
ever, efficiency may continue to increase in other areas as 
more people continue to settle along the coast and use 
waterways and where public education and media attention 
continue to increase. Although the increase in deaths in 
many areas is clearly not an artifact of data collection, the 
effect of changing and uneven reporting and recovery rates 
and the proportion of recovered carcasses remain unknown. 

Lack of certainty about the size of the Florida manatee 
population is similar. Initial efforts to census manatees from 
the air resulted in an estimated minimum population size of 
about 1,000 individuals in the 1970's and early 1980's 
(^Brownell et al. 1981; O'Shea 1988). Counts from sub- 
sequent surveys were higher, and 1,200 was given as the 
minimum population size after 1985 (O'Shea 1988). A large 
number of aircraft were used in the most recent (beginning 
1991) surveys that were conducted after cold fronts, when 
manatees concentrate in sites where they can be more readily 
counted. Counts from these surveys were 1,465 in February 
1991 and 1,856 in January 1992 (Ackerman 1995). The 
higher tally was probably due to better conditions, timing, 
and more intensive coverage rather than a 26% growth in 
population between 1991 and 1992. 

Because manatees reproduce slowly (Hartman 1979; 
Rathbun et al. 1995), data on manatee numbers from carcass 
recovery and aerial surveys seem to be inconsistent. Clearly, 
the mortality during any protracted period was too high for 
the relatively low tallies from aerial counts (particularly 
those prior to 1991). In addition to numerous manatees that 
were killed in collisions with boats and major increases in 
numbers of registered boats, the high number of individuals 
that are scarred by propellers (Beck and Reid 1995) made it 
nonetheless evident that the manatee population was suffer- 
ing much pressure. The subspecies has been and is currently 
properly classified as endangered (*U.S. Fish and Wildlife 
Service 1989), and public education and regulatory efforts 
to reduce mortality are essential if manatees are to be main- 
tained as a conspicuous and functional component of Flor- 
ida's fauna. 

Because of increased knowledge from research and a 
longer period of record-keeping, a portion of the increased 
recorded mortalities may have been due to an increase in the 
actual numbers of manatees (O'Shea 1988). Such aprospect 
is encouraging for the conservation of the manatee but 
increases the complexity and difficulties of planning. This 
workshop thus served as the initiation of a review of the data 
and the identification of means to improve an understanding 
and clarification of the interpretation of the data. Population 

1 An asterisk denotes unpublished material. 

modeling is one approach for accomplishing such improve- 
ments. 

For the development of a population model, we apply 
demographic information from longitudinal field studies 
that entail direct observations of known individuals through 
time. Manatee population dynamics have been studied in- 
tensively with these methods in two relatively small study 
areas (Blue Spring and Crystal River) for more than 15 years 
(O'Shea and Hartley 1995; Rathbun et al. 1995). These are 
naturally warm waters that attract manatees during winter 
and to which manatees return at high annual rates (O'Shea 
and Langtimm 1995). However, these aggregations of 
manatees are not considered geographic stocks that are 
separate from manatees in other areas of Florida. Trend data 
collected at these aggregation sites indicated that the number 
of manatees increased over the years; 260 manatees were in 
the Crystal River and 67 were at Blue Spring in January 1992 
(Ackerman 1995). Modeling (below) also revealed in- 
creases in these two study areas; the joint counts in these 
areas are about 18% of the total manatee count in Florida in 
winter. Information from remaining areas in the state is less 
complete, and trends in counts elsewhere are more ambigu- 
ous(Ackerman 1995;Garrottetal. 1995). Consequently, an 
effort was made to test the model that we describe here in 
these two study areas. To evaluate the situation in other parts 
of Florida, we also applied modeling to manatees in the 
Atlantic Coast study area, where some estimated survival 
and reproduction data are also now available (O'Shea and 
Langtimm 1995; Reid et al. 1995). Detailed background 
information and population data on manatees in these three 
study areas were provided in Ackerman (1995), Garrott et al. 
(1995), O'Shea and Hartley (1995), O'Shea and Langtimm 
(1995), Rathbun et al. (1995), and Reid et al. (1995). 

A Provisional Model 

The revised manatee recovery plan (*U.S. Fish and Wild- 
life Service 1989) calls for the construction of a population 
model, and one purpose of the workshop was to assemble 
data for subsequent analysis and modeling. Some initial 
elements of a new model are included here. Several uncer- 
tainties about the best use of the data may ultimately require 
separate, specialized modeling, and several iterations and 
versions of a population model will no doubt be useful. We 
do not anticipate one final and conclusive model for the 
Florida manatee population. Instead, we believe that the 
simple model presented here should be regarded only as 
another tool in population analysis to be used repeatedly as 
better data become available. This work will serve as the 
next step beyond Packard's (* 1985) initial manatee popula- 
tion model, which was useful but was based on data with 
greater uncertainty than the data that are now available. 
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Background for Modeling 

The basic model was developed by A. J. Lotka in the 
early 1900's (Lotka 1907) and was extensively used in 
demographic studies. Ecological applications of Lotka's 
model often followed the matrix formulation detailed by 
Leslie (1945,1948) that was also independently developed 
by Bernadelli (1941) and Lewis (1942). In a later paper, 
Leslie (1966) gave a simplification of the matrix model 
based on the assumption of constant rates of reproduction 
and survival rather than on the age-specific rates used in the 
full matrix model. Various applications of this simplification 
have since been made. One early use for marine mammals 
was that of Eberhardt and Siniff (1977). 

As better information on survival of adult marine mam- 
mals began to accumulate, Leslie's (1966) use of constant 
adult survival to accommodate the sharp decline in survival 
accompanying senescence had to be modified. This can 
most conveniently be accomplished by adopting a truncation 
point, as done by Eberhardt (1985). Thus far, data on mana- 
tee ages (Marmontel 1993, 1995) suggested that manatees 
may live as long as 50 years. Marsh (1995) reported dugongs 
that were older than 70 years. For initial purposes, we use a 
maximum age of 50 to provide a truncation point in lieu of 
data on senescence. Two other modifications to the basic 
approach may ultimately be useful for various purposes. 
First, initial reproduction is spread over several age classes, 
so that full reproduction is probably not achieved at a single 
age, as demonstrated by observations in the field (O'Shea 
and Hartley 1995; Rathbun et al. 1995) and by anatomical 
studies (Marmontel 1995). Thus, the choice of an appropri- 
ate age of first reproduction for use in the simplified model 
may require more data than are now available. Second, three 
rates may eventually be useful. One is the survival from birth 
to weaning, a second is the annual survival of subadults, and 
the third is the survival of adults. 

Thus, several degrees of approximation may be consid- 
ered. Given a very large sample of reproduction data one 
may construct a reproduction (mx) curve like that used by 
Eberhardt (1985) for the Pribilof fur seals (Callorhinus 
ursinus). With less extensive data, that curve may be 
replaced by a simple rectangle. With better data, a curve 
could be fitted for the early ages, but the truncation for the 
right side of the curve should be retained to accommodate 
senescence. Here, mx denotes the number of female births 
per female, so that the usual rate of births per female must 
be divided by two if sex ratio at birth is approximately 
even, as seems to be the case in manatees (O'Shea et al. 
1985; O'Shea and Hartley 1995; Rathbun et al. 1995). 

Similar considerations apply to the survivorship (lx) 
curve. With a large sample, one can use age-specific rates 
throughout. With minimal data, one may use only two rates, 
survival to the age of first parturition (la) followed by a 
constant rate of adult survival (s) to the truncation age (w). 

Furthermore, the Lotka-Leslie model can be variously for- 
mulated, depending on the timing of reproduction. In the 
original (Lotka) equation, reproduction is considered con- 
tinuous at a constant rate throughout the year. Consequently, 
the basic equation is expressed as an integral equation. 
However, many large mammal populations exhibit what 
Caughley (1977) termed birth-pulse reproduction, in which 
births are concentrated in a short time period each year. 
Under these circumstances, the equation may be approxi- 
mated by a summation: 

l = ^X-'lxmx 

(1) 

Cole (1954) showed that equation (1) provides nearly an 
exact replacement for the integral equation of Lotka for 
birth-pulse populations. Reproduction in manatees, how- 
ever, takes an intermediate form, being distributed over most 
months of the year with a peak in spring and summer and a 
marked reduction in winter. Such a seasonal pattern is 
evident in the reports by Hernandez et al. (1995), Marmontel 
(1995), O'Shea and Hartley (1995), and Rathbun et al. 
(1995). 

When we replace age-specific reproduction (mx) and 
survivorship (lx) terms in equation (1) by constant rates, 
the equation can be simplified. When the reproduction 
curve (mx) is replaced by a rectangular function, we ap- 
proximate mx by a constant (m) from age a to age w. 
However, this is further complicated because manatees do 
not reproduce annually but give birth at 2-year or longer 
intervals (Hartman 1979; Marmontel 1995; O'Shea and 
Hartley 1995; Rathbun et al. 1995; Reid et al. 1995). 

If we use two rates for survivorship, the lx values can 
be written as lx = lasx~a when x > a, where la denotes 
survival to age a, and s denotes the constant adult rate. 
With these approximations, equation 1 becomes: 

1 = rfl lam  1- (s/\)w~a+Vl- (s/X) 

This equation can be rearranged as a polynomial: 

Xa - sla~l -mla[ l-(s/X) w~a+l] = 0 

(2) 

(3) 

In this form, it can be equated to the characteristic poly- 
nomial of the Leslie matrix (elements of the matrix are 
replaced by constants, as described above) with one pro- 
viso. The Leslie matrix formulation often is written so that 
the youngest age class is that of 1 -year-olds. We then must 
write the reproduction term as m = s0F where s0 is survival 
from birth to age 1, and F is the number of female births 
per female as normally used in the Leslie matrix (but 
expressed as Fx for age-specific rates). 

For the data on manatees, equation 3 must be modified 
to use la = lksa~ (i.e., we can expect that much of survivor- 
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ship to age of first parturition will be at the adult rate (s) as 
suggested by observations at Blue Spring [O'Shea and 
Hartley 1995] and by limited evidence from telemetry in 
several study areas [O'Shea and Langtimm 1995], rather 
than at the subadult rate incorporated in k). We then write 
equation (3) as: 

X" - sXa~] - Ik sa~k m [ 1 - (s/X)"-"*1] = 0      <4> 

Inasmuch as a direct expression of X (the finite rate of 
increase) is not available, the above equations must be 
solved by iteration. 

A necessary assumption for use of the Lotka-Leslie 
model is that of the stable age distribution. The development 
of a stable age distribution requires that the population is 
changing at a constant rate for some period of time. The 
consequences of a deviation from a stable age distribution 
are usually not substantial, unless there is a major change in 
age structure. Such changes may be more probable in small 
populations, but age-distribution data from manatee-carcass 
studies seem not to have changed during 1976-91 (Mar- 
montel 1993). 

Applying the Delta Method to the Model 

An approximation to a variance of X may be obtained 
by the delta method (Seber 1982:8): 

V(l) = £ V(.xi) [dX(xi)/dxi]2 (5) 

where xi denotes the three constant values (s, h, m) used 
in equation 4, and V(xi) the variance of the estimates of 
these parameters. Seber (1982) includes covariance terms, 
but these were not included in the present example because 
separate data sources were used for various components. 

Implicit differentiation of equation 4 was used to obtain 
the several partial derivatives: 

fi-k, w-a+l 
dX/ds = -sXa+l-{a-k)lk m Xsa~K [ 1 - »-a+Va-k (s/X) 

-(s/X)W-a+\/sB 

dX/dm = -sa-kX\ [ 1 - (s/X)w-a+l]/B <6> 

W-Ü+-1, dX/bk = -sa-kXlm [1 - (s/Xf-™]/B 

where 

fl-k, •.w-ö+l 
B = sXa (fl-1) - aX^1 - (w-a+l) lkmXsa-\s/X) 

With the delta method approximation, one can estimate 
how to best allocate field efforts for estimating X (i.e., how 
much sampling should be devoted to each component). 

A second aspect for consideration is the relative impor- 
tance of the three components in management. Changes in 

adult survival have a large influence on X in marine mam- 
mals (as noted of dugongs by Marsh [1995]). This aspect 
is concisely expressed by the partial derivative, 

dX(xi)/dxi. 

These partial derivatives were then used in equation 5 
to estimate a variance of X and to examine the relative 
importance of the three main variance components and the 
relative effect of changes in survival and rates of reproduc- 
tion on A,. Another statistical technique, bootstrapping, 
provides an alternative estimate of overall variances, as 
described in a later section of the paper. 

Parameters in the Model 

Calculation of X from equation 4 requires a choice of 
the maximum age (w), which, as noted above, was set at 
50. Use of older ages (e.g., 60) has only a trivial effect on 
estimates of X. Field observations provided 14 records of 
age at first parturition, seven from Blue Spring (O'Shea 
and Hartley 1995) and seven from the Crystal River (Rath- 
bun et al. 1995). Age 4 was used for the value of a because 
in the field studies, four females reproduced at the age of 
4 years, four at the age of 5 years, four at the age of 6 years, 
and two at the age of 7 years. These data are compatible 
with observations on carcasses; the seven youngest fe- 
males with anatomical evidence of maturity were between 
3 and 4 years old (Marmontel 1995). As noted above, 
because initial reproduction is spread over several age 
classes, more data may suggest other options for estimat- 
ing this parameter. 

Rates of reproduction of manatees in the Crystal River 
were taken from Table 3 of Rathbun et al. (1995) from 
which records of 147 calves (very young, less-than-1- 
year-old manatees observed with their mothers; see Rath- 
bun et al. 1995) born in 389 manatee-years (adults only) 
were used. At Blue Spring (O'Shea and Hartley 1995:Ta- 
ble 2), records of 43 calves in 144 manatee-years were 
used in our calculations. In both instances, the records are 
based on long-term observations of individual manatees. 
Data from the Atlantic Coast population (Reid et al. 1995) 
are based on similar observations but on lower resighting 
frequencies. Reid et al. (1995) recorded 254 first-year 
calves in 664 manatee-years. Because most calves are not 
born in aggregation sites in winter and are thus not ob- 
served until in the winter of their first year, the rate of 
reproduction (m) in equation 4 is calculated at that time 
and is considerably lower than the actual birth rate. Calf 
survival from neonatal to about 6 months has been calcu- 
lated at 0.60 in manatees at Blue Spring and at 0.67 in 
manatees in the Crystal River (O'Shea and Hartley 1995; 
Rathbun et al. 1995). Equation 4 thus applies to about 
6-months old manatees rather than to true neonates, and 
the first-year survival (//) used in the equation is survival 
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from about 6 months to 1.5 years (first to second winter of 
life). Survival after age 1.5 has been assumed to be at the 
adult rate. 

Adult survival (s) was obtained by the methods of 
O'Shea and Langtimm (1995). Further assessment of the 
records resulted in an improved database (C. A. Lang- 
timm, National Biological Service, San Simeon, Califor- 
nia, personal communication), which was used for analy- 
ses reported here. O'Shea and Hartley (1995:Table 1) 
reported the survival of 37 of 45 calves to the next winter 
or an early survival (k) of 0.82. Rathbun et al. (1995) 
reported a minimal survival to age 3 of 22 tail-nicked 
calves but indicated that these data underestimate early 
survival because observations of calves are less compre- 
hensive in the Crystal River than at Blue Spring. This 
information is therefore not incorporated in our calcula- 
tions. Similarly, no satisfactory estimated early survival is 
available from the Atlantic Coast population. Marmontel 
(1993:Table 4.8) reported the ages of a large sample of 
dead manatees and used these data to estimate first-year 
survival as 0.685. However, this survival was estimated 
with the classical life-table approach for which a constant 
population size (X = 1) must be assumed. Also, it presum- 
ably applies from birth to age 1, whereas here we use a rate 
from winter to winter or roughly 6-18 months of age. The 
rate used here would be appreciably higher because it 
excludes perinatal deaths, which peak in warm months 
(Marmontel 1995; O'Shea and Hartley 1995; Rathbun 
et al. 1995). 

A crude first-year survival of 0.78 in the Atlantic Coast 
population can be estimated by applying the ratio of first- 
year to adult survival at Blue Spring (0.82/0.96) to the 
estimated adult survival on the Atlantic Coast (0.91). For 
this calculation, one assumes the ratio of first-year to adult 
survival is the same on the Atlantic Coast as at Blue Spring, 
which may not be the case. We believe that this estimate 
may nonetheless be the best available at present and have 
used it for illustrative calculations to show the effect of 
sample sizes on variances. Observations by Reid et al. 
(1995) do not suggest that survival of young is radically 
lower on the Atlantic Coast than at Blue Spring. 

Estimated parameters in the model included rates of 
reproduction, adult survival, and early survival of mana- 
tees in each of the three areas (Table 1). The age of first 
reproduction (a = 4) and the maximum age (w = 50) were 
assumed to be the same in the different areas. Estimated 
variances are included for use in equation 6. Variances of 
rates of reproduction were calculated from the average 
rates in adult females in the Crystal River and at Blue 
Spring (where sampled individuals represented a large 
proportion of the total population of adult females). Be- 
cause few replicate observations of individual females 
from the Atlantic Coast were available, an estimated bino- 
mial variance was used for those data. Adult survival 
variances were derived in the same manner as those re- 
ported in O'Shea and Langtimm (1995:Table 4), and bi- 
nomial variances of early survival were calculated. Rates 
of reproduction were divided by 2 for equation 1, in which 
the number of daughters per female is used. 

Inasmuch as each of the partial derivatives incorporates 
all three survival and reproduction terms, the results must 
be evaluated in terms of specific values of these rates. 
Because the only satisfactory estimate of early survival 
was from manatees at Blue Spring, that value was also used 
for manatees in the Crystal River, where other parameters 
and conditions in general seemed comparable. Because the 
early survival value of the Atlantic Coast population is 
estimated under the assumption that the ratio of early 
survival to adult survival is the same as at Blue Spring, the 
calculation of A. is uncertain, but the results were included 
to illustrate probable results from calculations of variance 
components and the relative importance of the parameters. 

Results From the Model 

Estimates of X , components of variance, and partial 
derivatives were obtained (Table 2). Considering the par- 
tial derivatives first, changing adult survival clearly has the 
major effect on X because a change of one percentage 
point in adult survival results in about the same degree of 
change in X. Reproduction has the next largest partial, and 

Table 1. Estimated parameters used in the model of population dynamics of Florida manatees (Trichechus manatus 
latirostris) in the Crystal River, at Blue Spring, and on the Atlantic Coast of Florida. Standard errors are in 
parentheses. 

Area 
Rate of 

reproduction (w) 
Adult 

survival (s) 
Early 

survival (it) 

Crystal River 
Blue Spring 
Atlantic Coast 

0.189(0.049) 
0.15(0.060) 
0.19(0.009) 

0.965(0.0060) 
0.961(0.0180) 
0.907(0.0098) 

0.822(0.057) 
0.78b 

Early survival estimates from Blue Spring used in calculations. 
' Calculated from ratio of adult and early survival at Blue Spring. 
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Table 2. Values of X, variance components, and partial derivatives calculated from life-history data of Florida manatees 
(Trichechus manatus latirostris) in the Crystal River, at Blue Spring, and on the Atlantic Coast. Coefficients of 
variation for X (standard error/estimate) are in parentheses.  

Study area/ 
parameter 

Crystal River3 

Adult survival 
Reproduction 
Early survival 

Blue Spring 
Adult survival 
Reproduction 
Early survival 

Atlantic Coast 
Adult survival 
Reproduction 
Early survival 

Estimate of 
X 

1.074(0.009) 

1.057(0.012) 

1.01(0.012) 

Variance 
component 

0.41 
0.19 
0.40 
1.00 

0.82 
0.11 
0.07 
1.00 

0.63 
0.10 
021 
1.00 

Partial 
derivatives 

1.02 
0.46 
0.11 

1.02 
0.51 
0.09 

1.03 
0.43 
0.11 

a Using the early survival data from Blue Spring. 
b Assuming the ratio of early survival to adult survival is the same as that at Blue Spring. 

early survival is the smallest. In comparisons of these 
values with the variance components, the partials indicate 
the approximate effect of changing a parameter value on 
the magnitude of ?i,whereas the variance components in- 
dicate how increasing sample size may reduce the variance 
of an estimated X. 

In the case of the variance components, the relatively 
small standard error of adult survival in the Crystal River 
(Table 1) results in dominance of the variance of early 
survival. A higher standard error of adult survival results 
in the dominance of that variance component at Blue 
Spring. Because trustworthy estimates of early survival 
in the Crystal River and on the Atlantic Coast are not 
available, such estimates must be obtained. The same 
sample size (45) for early survival was used to calculate 
variances of survival in all sites because the only useful 
early survival was that of manatees at Blue Spring. If an 
early survival of manatees on the Atlantic Coast can be 
estimated, it will probably be done with a larger sample 
size because of the larger number of observed manatees 
there. 

Because the adult survival at Blue Spring represents most 
or all of the manatees that use the study area, the sample size 
cannot be substantially increased by more intensive effort 
and only increases over time. A large (« = 414) sample of 
adults was observed for the estimation of survival along the 
Atlantic Coast, but further improvements in data collection 
may help improve results from this region by producing an 
estimate with smaller variance (O'Shea and Langtimm 
1995). 

The estimates of X of manatees in the Crystal River (1.07) 
and at Blue Spring (1.06) are appreciably smaller than rates 
of increase in counts obtained by Ackerman (1995) from 
trend data (about X = 1.10 from the Crystal River and 
X = 1.08 from Blue Spring). The coefficients of variation of 
X (Table 2) are small enough to suggest that the differences 
may not be due to sampling errors. The only complete set of 
reproduction and survival data is that from Blue Spring. As 
a further check on this seeming disparity, bootstrapping 
(Efron and Tibishirani 1993) was independently applied to 
the trend data (bootstrapping deviations from regression) 
and to the reproduction and survival data (described below 
in the section on bootstrapping), and the frequency distribu- 
tion of the differences of the two estimates of X (one from 
trend, one from reproduction and survival data) was used to 
examine the prospect that the observed difference arises 
from chance alone (Fig. 1). Because few (about 2%) of the 
differences are less than zero, some real differences in the 
two data sets are possible. 

Some of the differences between demographic esti- 
mates of population growth rates and trend counts in the 
Crystal River and at Blue Spring may be due to an influ- 
ence of immigration on trend counts. Rathbun et al. (1995) 
suggested possible immigration into the Crystal River 
study area, and immigrant manatees from southeastern 
Florida have overwintered at Blue Spring (National Bio- 
logical Service and Florida Park Service, unpublished 
data). Protection of these areas as manatee refuges may 
play a role in attracting immigrants. Furthermore, because 
the estimated rate of reproduction from Blue Spring is 



L. L. EBERHARDT AND THOMAS J. O' SHEA    275 

200 

Difference between estimates 

Fig. 1. Frequency distribution of differences between values of 
X of Florida manatees (Trichechus manatus latirostris) 
obtained from bootstrap samples. Bootstrap samples were 
separately derived from trend data from aerial counts and 
from reproduction and survival data obtained by direct 
observation. 

lower than the nearly equal rates from the other two sites 
(Table 1), this estimate may also be assumed responsible 
for part of the lower estimate of X. A calculation with m 
set equal to the value from the other two sites (m = 0.38) 
gives X = 1.07, which is appreciably closer to the value 
from trend data (1.08). Another prospect for underestima- 
tion comes from the early survival data, which depend on 
reidentification of surviving individuals in some future 
year. Pollock et al. (1990) pointed out that such estimates 
can be biased because an individual may survive to the 
next year but may subsequently not be seen and die and 
thus may never be seen again and is assumed to have died 
in the year subsequent to marking. Pollock et al. (1990) 
recommended the Jolly-Seber method in such cases be- 
cause that method corrects for the probability of resign- 
ing. However, at Blue Spring, many surveys are conducted 
in each year, and the probability of sighting an individual, 
if it is present, approaches unity (only one individual of 37 
was not seen in the year after recruitment as a calf but was 
then seen in subsequent years and is believed to have 

wintered elsewhere during the interim; O'Shea and Har- 
tley 1995). 

As previously pointed out here, the estimate of X from 
the Atlantic Coast is uncertain because of the need to assume 
an early survival value with the same ratio to adult survival 
as observed at Blue Spring. An indirect estimate may be 
obtained from the state-wide age data of Marmontel 
(1993:Table 4.8). Applying the method of Chapman and 
Robson (1960) to data from 4-year-old and older manatees 
gives an estimated survival of 0.896. Because the Chapman- 
Robson methods also require the assumption that X = 1, this 
estimate is biased, but the bias is of the form s* = s/X (c.f., 
Eberhardt 1988), where s* is the Chapman-Robson estimate 
and J is the true survival. Because the estimated survival 
(Table 2) is relatively precise and presumably unbiased, we 
can calculate 

X = s/s* = 0.907/0.896= 1.01. 

This is the same rate as obtained by the delta method. 
Lambda from the Atlantic Coast data indicates a slow rate 
of increase. The only trend data from that region (Garrott 
et al. 1995) also suggested an increase in the manatee 
population size. 

Bootstrapping for Estimating Variances 

As noted previously, the only complete set of reproduc- 
tion and survival data is from Blue Spring. Using the delta 
method (equation 5) with equation 4 provides an estimate of 
the coefficient of variation for the estimate of X (1.06) from 
these data. This estimate is 0.012 with 95% confidence limits 
of about 1.02-1.10. Because calculations of this kind in the 
study of large-mammal population dynamics are relatively 
new, a cross-check of the results with the bootstrapping 
technique seemed desirable (Efron and Tibishirani 1993). 
Three estimated parameters were examined. Rate of repro- 
duction (m) was evaluated by using data from Blue Spring 
of O'Shea and Hartley (1995; Table 3). Records of number 
of years of observation and number of young born to each 
of 20 individual adult female manatees were entered into a 
file, samples of 20 were drawn with replacement, and a rate 
of reproduction was calculated. 

Table 3. Bootstrapping estimates of A., rates of reproduction, and adult survival in Florida manatees (Trichechus manatus 
latirostris) in the Crystal River and at Blue Spring in comparison with direct estimates. Standard errors are in 
parentheses. 

Blue Spr ng Crystal River 
Parameter Bootstrap Direct Bootstrap Direct 

X 
Reproduction 
Adult survival 

1.057(0.012) 
0.15(0.010) 
0.967(0.009) 

1.051(0.019) 
0.15(0.060) 
0.961(0.018) 

1.074(0.009) 
0.19(0.008) 
0.963(0.006) 

1.074(0.010) 
0.189(0.049) 
0.965(0.006) 



276    INFORMATION AND TECHNOLOGY REPORT 1 

Bootstrapping the adult survival (s) was more compli- 
cated. The file of capture records of manatees at Blue Spring 
(similar to that in Appendix A-2 of O'Shea and Langtimm 
[1995]) contains 68 survival records (from more than 15 
years). This file was also sampled by drawing 68 samples 
with replacement, and the resulting sample was used to 
estimate survival with the Jolly-Seber method (and the 
formulation by Pollock et al. 1990). Results of an execution 
of 2,000 bootstraps provided a mean survival of 0.967 with 
a standard error of 0.009 (Table 3). With the methods of 
O'Shea and Langtimm (1995), the rate was 0.961 with a 
standard error of 0.018. 

The remaining parameter in the bootstrapping was 
that of early survival (Ik). O'Shea and Hartley (1995) 
observed 45 calves and noted that 37 survived from one 
winter to the next. Bootstrapping these data was simple 
and was based on a file containing 8 zeros and 37 ones, 
which was sampled with a sample size of 45 with re- 
placement. Results from such sampling essentially fol- 
low the binomial distribution, which was assumed in the 
delta method. 

The final bootstrapping contained the described four 
subprograms; each was set up to return an estimate of the 
appropriate parameter in each bootstrapping execution 
of the main program. An execution of 2,000 bootstraps 
gave a mean of 1.057 for X with a standard error of 
0.012, whereas the delta method gave X = 1.051 with a 
standard error of 0.019. Bootstrapping results can be 
used to obtain approximate 95% confidence limits by 
tabulating such limits from a frequency distribution of 
outcomes. Such a frequency distribution (Fig. 2) gave 
approximate limits of 1.03-1.08, appreciably narrower 
than those from the delta method. 
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Fig. 2. Frequency distribution of 2,000 bootstrap estimates of X of 
Florida manatees (Jrichechus manatus latirostris) at Blue 
Spring on the upper St. Johns River, Florida. 

Bootstrapping the data on manatees from the Crystal 
River was based on using early survival data on manatees 
at Blue Spring. A larger sample of survival data of 
manatees in the Crystal River was available (234 re- 
cords). The calculated survival of O'Shea and Langtimm 
(1995) was obtained with Model B of Jolly (1982), who 
used a rather complex method to obtain a weighted 
estimate of s from the estimates from each year. A simple 
average was used for the bootstrapping, rather than at- 
tempting to program this complex procedure. Various 
estimates from bootstrapping and the delta method gen- 
erally agreed (Table 3). 

Integrating Life-history Data 
and Population Models 

The major question about Florida manatee populations is 
simply how well they will persist into the future. The evi- 
dence thus far is ambiguous. Carcass-recovery data show a 
trend of increasing boat-related deaths, and this trend sig- 
nificantly correlated with increasing boat registrations (Ack- 
erman et al. 1995). Regarded as a crude catch-effort relation, 
this suggested that manatee numbers may have been keeping 
up with losses, but the manatee population cannot indefi- 
nitely sustain such losses. Manatee counts from two study 
areas (Blue Spring and Crystal River) show annual rates of 
increase of about 8% and 10% (Ackerman 1995), and the 
analysis of manatee counts at power plants on the Atlantic 
Coast (Garrott et al. 1995) also suggested an increasing 
population. However, the analyses of survival data from the 
Atlantic Coast population indicated appreciably lower adult 
survival there than in the Blue Spring and Crystal River 
study sites. 

The recovery plan (*U.S. Fish and Wildlife Service 
1989:21) indicates that "Downlisting should be consid- 
ered when population modeling indicates that the popu- 
lation is growing or is stable, when mortality factors are 
controlled at acceptable levels or are decreasing, and 
when habitats are secure and threats are controlled or are 
decreasing". 

Quite clearly, modeling cannot indicate the status of 
the population, but it is a means to integrate the several 
sources of population data in a way that supplies an 
approximation to a test of a null hypothesis that the 
population is decreasing. Given a valid estimate of the 
total population size, the population-dynamics analyses 
may also serve to indicate the level of mortality that the 
population can sustain. However, the difficulties of ac- 
curately and precisely estimating total population size 
(Lefebvre et al. 1995) are such that perhaps the best 
prospect is the testing of the null hypothesis that X is less 
than unity because it does not need to involve abso- 
lute population size. Doing this for the Atlantic Coast 
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population requires early-survival data, which are not 
currently available. 

Implications for Future Research and 
Management 

For about the last 15 years, the annual number of 
manatee deaths raised concerns about the future of the 
population. Many observers pointed to the relative size 
of the kill and maximum aerial counts as evidence of a 
catastrophic state of affairs. Others noted that a relatively 
small population could not support such a large loss, 
suggesting that the actual population must be much 
larger. In addition, all dead manatees are probably not 
found, so that the recorded mortality and the aerial 
counts are below their true magnitudes. Thus, Eberhardt 
(*1982) speculated that the population at that time may 
actually have contained 3,000 manatees. O'Shea (1988), 
however, advanced reasons to believe that the increasing 
number of deaths could have been due, in part, to in- 
creases in population size. 

An understanding of the situation would be consider- 
ably improved if reliable estimates of losses and popula- 
tion size were available. Such estimates may in fact be 
possible with further advances in the use of scar-pattern 
recognition of individuals. Careful scrutiny of dead 
manatees should make the identification of previously 
sighted individuals possible. Because estimates of sur- 
vival are now available (O'Shea and Langtimm 1995), 
the total mortality may be estimated by a simple propor- 
tionality. Similarly, recording the number of live mana- 
tees scrutinized for identity may make possible the use 
of the data from which survival is now estimated to also 
estimate population size. 

In the absence of useful estimates of total mortality or 
total population size, estimates of needed reductions in 
mortality to achieve management goals are not definitive. 
In a previous section, X was estimated as being about unity 
in the Atlantic Coast population. This suggests that the 
population may have been holding its own or slightly 
increasing in the past. However, the future course of the 
population cannot be forecast without key improvements 
in data collection. Important segments of the Florida 
manatee population have been omitted from our analyses 
simply because corresponding life-history data do not 
exist. Unlike manatees in the three study areas for which 
reproduction and survival data are available, the number 
of manatees in southwestern Florida has not increased 
(Garrott et al. 1995) despite extensive suitable habitat that 
may be able to support large numbers of manatees. At the 
same time, manatees in southwestern Florida seem to be 
suffering from increased mortality (Ackerman et al. 1995; 
Wright et al. 1995). In addition, the largest number of 
manatees in our three study areas is on the Atlantic Coast, 

but manatee population attributes from this area include 
the lowest estimate of X and are based on weaker repro- 
duction and survival data than those of manatees in the 
Crystal River and at Blue Spring. Current management 
aimed at mortality reduction should continue as the most 
effective means of promoting population growth, as indi- 
cated by the sensitivity of our model to adult survival. 
Future researchers should focus on obtaining improved 
estimates of life-history and survival parameters of larger 
segments of the statewide population and of manatees in 
the existing study areas. 

Although we compared trend data with our calcula- 
tions of population growth rates based on demography 
and found concurrence in the positive growth in three 
study areas, we did not carry out extensive formal hy- 
pothesis testing about manatee population growth rates. 
We had several reasons for not doing so. First, although 
substantial improvements in knowledge of manatee life- 
history traits have been made since previous modeling 
attempts, we identified significant gaps that must be 
filled by additional research. Some key input parameters 
in our models from some areas were not based on direct 
measurements in those areas but were substitute values 
or estimates derived from data from other study areas; 
some are based on small data sets. Despite 15 or more 
years of sampling in some areas, the sampling interval 
remains shorter than the manatee lifespan and possible 
year-to-year changes in the environment that could affect 
birth and death rates. For example, the extent of variabil- 
ity in reproduction or survival based on stochasticity in 
weather patterns or disease episodes may not be ade- 
quately reflected in sampling efforts. Finally, we recom- 
mend that future researchers who attempt to test hy- 
potheses about population growth rates based on either 
demography or trend data also consider statistical power, 
the probability of rejecting a null hypothesis when it is 
false. 

An eventual decrease in population size should be ac- 
companied by a decrease in total observed mortality. How- 
ever, extensive experience with over-fishing in fishery man- 
agement revealed that this is often not true. Ackerman et al. 
(1995) showed a steady increase in recorded manatee mor- 
tality with increasing boat registrations. Additionally, 
Wright et al. (1995) indicated that changes in propulsion 
arrangements made operating boats at high speeds in shal- 
low water with heavy vegetation growth possible. One can 
thus argue that such information reflects a catch-effort rela- 
tion and that more efficient effort may well keep the catch 
(accidental kill) at high levels until the affected population 
ultimately collapses, as it has in many commercial fisheries 
where declines in catch are accompanied by increasing 
fishing efficiency and continued high yields, to the point 
where the fish population virtually disappears. 
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Overview and 
Recommendations 

In the following overview we discuss progress toward 
meeting the three objectives of the 1992 workshop: to 
provide a synthesis of existing information about manatee 
population biology; to evaluate the strengths and weak- 
nesses of current data sets and approaches to research on 
manatee population biology; and to provide recommenda- 
tions for research. We discuss progress in six topics that 
were assigned to working groups at the workshop: aerial 
survey and estimation of population size, reproduction, 
age structure, mortality, photoidentification and estima- 
tion of survival, and integration and modeling of popula- 
tion data. The overview includes recommendations by 
working group participants (*20'Shea et al. 1992). This 
workshop on manatee population biology was the most 
recent conference on the topic since 1978 (*BrowneIl and 
Rails 1981). Partly as a result of recommendations made 
at the 1978 workshop, several long-term population-re- 
lated research projects were established. Therefore, we 
also measure progress in relation to knowledge available 
at the time of the earlier workshop. Finally, we provide a 

1 Present address: National Biological Service, Midcontinent Ecological 
Science Center, 4512 McMurry Ave., Fort Collins, Colo. 80525. 

2 An asterisk denotes unpublished material. 

brief synopsis of pertinent new information on manatee 
population biology that became available between the 
1992 workshop and publication of the proceedings and our 
conclusions about the status of the Florida manatee. 

Aerial Survey Techniques and 
Estimation of Population Size and 

Trend 

At the time of the 1978 workshop, one uncorrected 
total count of 738 manatees was tallied based on surveys 
at aggregation sites in 1976 (Irvine and Campbell 1978); 
routine replicated surveys of manatees at power plant 
outfalls had just begun (*Rose 1981). Since then, numer- 
ous surveys of manatee distribution have been conducted 
in most suitable habitats in Florida, and many counts 
were made at sites where manatees aggregate each win- 
ter (Ackerman 1995). Attempts to develop new aerial 
survey techniques also were made, including field ex- 
periments (*Packard 1985a; Packard et al. 1985, 1986; 
Ackerman 1995; Lefebvre et al. 1995). Currently, the 
need for improvement in survey technique is acknow- 
ledged (Lefebvre et al. 1995). Uncorrected synoptic 
counts in winter were of 1,856 animals in winter 1992 
(Ackerman 1995), and long-term data from counts at 
power plant outfalls were analyzed for trends with com- 
plex statistical models (Garrott et al. 1995). Trends in 
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numbers of manatees counted at most major aggregation 
sites during the past 8-15 years increased or remained 
stable (Ackerman 1995; Garrott et al. 1995). Data from 
aerial counts of manatees in additional study areas such 
as Tampa Bay, sites in southwestern Florida, and the 
Banana River are accumulating. These data should be 
evaluated to supplement information reported in these 
proceedings. 

Techniques for estimating size and trends of manatee 
populations were a central theme of discussion, but many 
problems were not easily resolved. Results from aerial 
surveys include counts from synoptic surveys that are 
much higher than previous composite counts. Synoptic 
survey counts, however, have no measure of precision, and 
are not corrected for individuals that were not seen. Many 
variables, including availability, absence, and observer 
perception, affect biases in counts of manatees (Ackerman 
1995; Lefebvre et al. 1995). Aerial surveys are used also 
to determine distribution, and sightings from the numerous 
distribution studies are useful for management because 
they revealed high-use areas for further protection. Data 
from most of the distribution surveys since 1984 were 
added to geographic information systems and are used to 
support managers' decisions. 

Despite advances, the ability to estimate manatee popu- 
lation size and trend in size remains poor. Additional 
research is needed before aerial-survey results may be 
applied to statewide population assessment. The possibil- 
ity must also be recognized that such estimates may not be 
achievable with existing technology. Improvements may 
allow detection of trends in population size in specific 
areas rather than statewide. Even if feasible, results may 
be difficult to interpret because of the mobility of manatees 
and their ability to shift habitat-use patterns. In addition, 
because of small population sizes of manatees and limita- 
tions in statistical power (Gerrodette 1987), detection of 
even major trends with acceptable levels of statistical 
confidence may take many years, as discussed by Marsh 
(1995a) in relation to the more quantitative surveys of 
dugongs. 

Reproduction 

Previous information on reproduction of Florida mana- 
tees consisted of reports in the proceedings of the 1978 
workshop (*Brownell and Rails 1981) and Hartman's 
(1979) study based on field work in the Crystal River area 
during the late 1960's and early 1970's. In Hartman's 
(1979) study, no females had been followed to age of 
sexual maturity; reproduction was assumed to be year- 
round; an estimate of gestation was based on observation 
of one female in a herd of pursuing males and subsequent 
sighting with a calf; data about intervals between births 
were limited to one interval by one individual; and the 

duration of dependency of calves on their mothers was 
based on observations of six calves. The 1978 workshop 
provided data on intervals between births from one female 
in the Crystal River observed during a 10-year period, 
incomplete data on age at first reproduction of a second 
female in the Crystal River, and an incomplete record of 
intervals between births by one female at Blue Spring 
(*Powell 1981; *Powell and Waldron 1981). Anatomical 
studies of reproduction were limited to body size-gonad 
weight relations from 10 females and 12 males and smears 
of sperm from only three males (*Odell et al. 1981). One 
calf had been conceived and born in captivity in Florida 
by the time of the 1978 workshop (*Zeiller 1981). 

Information on reproduction from carcasses reported in 
these proceedings includes the reproductive status and 
estimated ages of 275 females (Marmontel 1995), and 
results of histological examination for 72 males with esti- 
mated ages (Hernandez et al. 1995). Twenty-eight births 
occurred in captivity through 1991 (Odell et al. 1995). 
Rathbun et al. (1995) provided information on reproduc- 
tion traits from a 15-year study at Crystal River, based on 
photo-identification records of 117 recognizable adult fe- 
males and 243 calves. The ages at sexual maturity of seven 
females observed since their year of birth and the duration 
of 99 intervals between births were determined. O'Shea 
and Hartley (1995) also provided data on age at sexual 
maturity for seven wild females and information on other 
reproduction traits based on observations at Blue Spring. 
Additional information also emerged from observations 
during aerial surveys and during studies with telemetry, 
and study areas expanded to include the Atlantic Coast 
(Rathbun et al. 1995; Reid et al. 1995). 

New information on manatee reproduction includes 
more convincing evidence of seasonality in spermatogene- 
sis, mating, birthing, and weaning; minimum ages of sex- 
ual maturity as young as 3 years and at smaller sizes than 
previously assumed; more frequent observations of shorter 
(2-year and 3-year) intervals between births; a higher 
proportion of reproducing adult females; and an indication 
of relatively long reproduction life spans. Details of mat- 
ing and pre-birthing behavior and birthing areas have been 
revealed. Much of the current data confirm or extend the 
optimistic end of the range of reproduction traits in relation 
to potential for population growth. Use of dugong repro- 
duction data (Marsh 1995b) as a proxy to model manatee 
population dynamics is no longer appropriate. 

Despite advances in knowledge about manatee repro- 
duction, gaps remain. Larger sample sizes and age-spe- 
cific estimates of reproduction characteristics of mana- 
tees in additional study areas are desirable. Some 
databases, such as that of manatees at Blue Spring, can 
only be increased through time. Information about mana- 
tee reproduction at the Atlantic Coast can be increased 
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with stronger efforts in the field. Important segments of 
the Florida manatee population are not well represented 
by live animal studies. These include critical areas in 
southwestern Florida from Tampa Bay to the Everglades. 
Reproduction traits of manatees seem similar among 
study areas (O'Shea and Hartley 1995), but differences 
with information based on carcass examination (which 
results in less optimistic characterization of some repro- 
duction traits) must be reconciled (Marmontel 1995). If 
regional differences in reproduction traits emerge, they 
should be assessed for underlying causes, including den- 
sity-dependent effects, which are improbable at existing 
population levels. The necessary level of effort in col- 
lecting data on manatee reproduction to improve infor- 
mation for population models should be determined. 

The phenomenon of herds of males that pursue fe- 
males (mating herds; Rathbun et al. 1995) requires addi- 
tional study, particularly in relation to estrus, mating 
strategies, and social dynamics. The gestation period is 
poorly known, in part because of possible sterile cycles 
of females attended by herds of pursuing males. Studies 
at oceanaria have the greatest potential for increasing 
knowledge on gestation and estrus and should be encour- 
aged. Future research should establish whether senes- 
cence in reproduction occurs, although its effects on 
manatee population dynamics may be trivial (Eberhardt 
and O'Shea 1995). 

Age Structure 

Techniques for age determination of manatees had not 
been developed in 1978. Techniques applied to dugongs 
were counts of growth layers in tusks (Marsh 1995b). 
Age determination by teeth could not be applied to 
manatees because of the absence of tusks and lack of 
permanent dentition. A breakthrough was the verifica- 
tion that carcasses could be assigned to age classes by 
histological examination of growth-layer-groups in the 
periotic bone (*Marmontel et al. 1990). The first appli- 
cations of this technique were in relation to manatee 
reproduction (Hernandez et al. 1995; Marmontel 1995). 

The merits of the technique and its potential applica- 
tions were discussed at the workshop. The participants 
recommended the testing of assumptions about the age- 
structure of the carcass sample relative to the living 
population, the investigation of consequences of error in 
age determination, the improvement of age determina- 
tion in manatees less than 1 year old (particularly for 
understanding the deaths of perinatal manatees), and the 
establishment of a routine protocol and permanent facil- 
ity for age determination. The ability to determine the 
age of manatees will probably fill gaps of knowledge and 
provide corroborative data (in the form of a life table 

approach) for the interpretation of other data sets in 
manatee population biology. 

Mortality 

Information in the proceedings is from more than 2,000 
carcasses recovered during a 19-year period (Ackerman 
et al. 1995; Wright et al. 1995); at the 1978 workshop, 
reports were based on fewer than 275 carcasses recovered 
during 4 years (*Beck et al. 1981; *Irvine et al. 1981). 
Analyses of mortality data presented in this volume show 
trends through time, regional differences in patterns, 
changes in proportions in cause-of-death categories, and 
correlations with human-related changes in the environment 
(Ackerman et al. 1995; Wright et al. 1995). Interpretation of 
the carcass-based mortality data in relation to population- 
size trends is difficult. Continued accrual of survival data 
(O'Shea and Langtimm 1995), based primarily on a large 
and expanding photo-identification catalog (Beck and Reid 
1995), will improve interpretation of the mortality informa- 
tion. 

The number of recovered carcasses increased annu- 
ally, particularly those of manatees that collided with 
watercraft and of perinatal manatees. What proportion of 
the rise in numbers of carcasses is due to increases in 
mortality factors, possible increases in manatee num- 
bers, or increases in rates of carcass detection and recov- 
ery is unknown. However, the number and the power of 
boats and the ability of recreational craft to maintain high 
speeds in shallow areas increased drastically during the 
last 18 years (Wright et al. 1995). The number of mana- 
tee deaths from collisions with boats positively corre- 
lates with the number of registered boats. Without better 
data on population size, trend, or rates of carcass recov- 
ery, an increase in the number of deaths cannot be taken 
as evidence for a declining population. However, there 
is a limit beyond which mortality cannot be sustained. 
Without additional protection of the manatee, the antici- 
pated growth of human effects will continue until such a 
point is surpassed, if it has not been already. The most 
prudent management strategy is the continuation of ef- 
forts aimed at reduction of manatee mortality. 

Workshop participants and Ackerman et al. (1995) 
recommended that further research include improve- 
ments in the use of diagnostic microbiological, serologi- 
cal, and immunological techniques to diagnose and 
classify causes of natural mortality, to use models to aid 
in interpretation of trends in population size in relation 
to regional numbers and ages of carcasses recovered, and 
to improve matching of carcasses to the photo-identifi- 
cation database. Particular focus should be placed on 
determining the causes of death of perinatal manatees, 
including further evaluation of the suggestion that dis- 
turbance of females by breeding males could result in 
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mortality of neonates (O'Shea and Hartley 1995). In 
addition to providing useful information for manage- 
ment, recovered carcasses are a major source of material 
for anatomical, biochemical, genetic, and other basic 
biological research. The carcass recovery program 
should be maintained. 

Photo-identification and Estimation of 
Survival 

Photo-identification for the study of manatee life-his- 
tory traits was first established at the time of the 1978 
workshop, when it was aimed at developing information 
on the reproduction of females during long-term studies 
(*Powell 1981; *Powell and Waldron 1981). The tech- 
nique is also suitable for studies of manatee social behavior 
and for the determination of gross movement patterns 
(Shane 1983; Rathbun et al. 1990; Reid et al. 1991). The 
maintenance of a large, automated photo-identification 
database and retrieval system (Beck and Reid 1995) al- 
lowed the development of information on manatee repro- 
duction in several study areas (O'Shea and Hartley 1995; 
Rathbun et al. 1995; Reid et al. 1995). The newest use of 
the database is the estimation of survival in a detailed but 
preliminary comparative study by O'Shea and Langtimm 
(1995). Estimated survival is important for modeling 
manatee population dynamics (Eberhardt and O'Shea 
1995), and for the interpretation of mortality data from the 
recovered carcasses. The estimation of survival from 
photo-identification was done with larger samples and had 
much narrower confidence intervals than estimates with 
data from studies with telemetry. 

Future efforts should focus on experimental design, 
selection of appropriate capture-recapture models, testing 
of assumptions, improvements in cataloging efficiency, 
standardization of field protocols, and consistent applica- 
tion to carcasses (Beck and Reid 1995; O'Shea and Lang- 
timm 1995). The suitability of the photo-identification 
database for estimating abundance must be further re- 
searched. New protocols should be attempted for the esti- 
mation of the proportion of marked manatees in a popula- 
tion, considering large areas as well as small areas during 
short periods (for example, during one cold spell at a single 
aggregation site in winter), perhaps parallel with aerial 
surveys. Management of the photo-identification database 
will require significant increases in effort during the com- 
ing years and additional resources for maintenance. Fi- 
nally, although adult survival is most important, modeling 
also requires data on calf and subadult survival. With the 
possible exception of information collected at Blue Spring, 
existing data are inadequate for the estimation of survival 
of calves and subadults. Future research must address this 
need. 

The working group noted that studies with tagged 
manatees will probably not be as useful as existing tech- 
niques with photo-identification for estimating survival or 
abundance. As for most databases of manatees, long-term 
efforts are required before information that is useful for an 
understanding of population biology can be obtained from 
tagging. Application of permanent tags, such as Passive 
Integrated Transponders (PIT), would require the logisti- 
cally difficult marking of large numbers of manatees dur- 
ing several years to obtain useful estimates with band 
recovery models. Development of means to accurately 
read PIT tags without handling, however, may enhance 
future application of the technique with other capture-re- 
capture models. These tags were tested and found harmless 
to manatees since the workshop (S.D. Wright and I. E. 
Wright, Florida Department of Environmental Protection, 
St. Petersburg, unpublished data). PIT tags may provide 
useful information for matching carcasses to known indi- 
viduals, e.g., released rehabilitated captives, unscarred 
calves or subadults, and animals with potentially changing 
marks. 

Integration of Life History Data and 
Population Modeling 

First attempts at manatee population modeling were 
made in the mid-1980's (*Packard 1985b), but information 
on life history at that time remained incomplete. The syn- 
thesis reflected in these proceedings permits improvements 
of population modeling. One such approach is reported by 
Eberhardt and O'Shea (1995), who caution that despite 
advancements, further improvements are necessary to in- 
crease the effectiveness of modeling for the interpretation of 
the status of the Florida manatee population. 

Future researchers should improve the quality of data 
from the field, investigate concordance among data sets, 
and attempt new approaches to modeling. Existing long- 
term databases should be maintained and improved. Like 
Eberhardt and O'Shea (1995), developers of new models 
may use regional approaches and use new information to 
refine validity and predictive capability. 

Additional Recent Knowledge 

Recent developments in manatee population biology 
occurred since papers in these proceedings were com- 
pleted. A summary of these findings follows. Reynolds 
and Wilcox (1994) reported counts on manatees in se- 
lected power plants in Florida during a 10-year period 
ending in winter 1991-92. The number of calves that were 
seen and the percentages of counts that were calves 
showed an apparent decrease over time, particularly at 
Atlantic Coast aggregation sites. Reynolds and Wilcox 
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(1994) found these data worrisome in light of the rising 
number of deaths of perinatal manatees (Ackerman et al. 
1995). Other aerial survey data sets should also be exam- 
ined to further evaluate these findings. For example, recent 
synoptic surveys reported in these proceedings showed 
higher totals and percentages of calves (Ackerman 1995) 
that were comparable to those reported in the 1970's 
(Irvine and Campbell 1978), to pooled sightings reported 
in these proceedings from surveys of manatee distribution 
in Florida, and to data from surveys in Central America 
and the Caribbean (Rathbun et al. 1995). 

Garrott et al. (1994) expanded the analyses of popula- 
tion-size trends in total counts at power plants by including 
years beyond those reported in the present study (Garrott 
et al. 1995). Findings were consistent with those reported 
in these proceedings. Counts at Atlantic Coast sites in- 
creased over this longer period, whereas counts at Fort 
Myers revealed no temporal trends. Although a linear 
model for the increase in manatee counts at Atlantic Coast 
sites was chosen as the most parsimonious, the analysis 
revealed a significant curvilinear trend. The latter suggests 
that any increasing trend in counts may have diminished 
in the most recent years (Garrott et al. 1994). 

An additional effort at population modeling was made 
since the 1992 workshop. Marmontel (1993) conducted a 
population viability analysis (PVA) with reproduction and 
survival information from the carcass data set. Results of 
the PVA provided estimates of the probability of persist- 
ence of the Florida manatee population over a 1,000-year 
time scale under various scenarios of initial population 
size, environmental stochasticity, and levels of mortality 
and reproduction. Only a combination of factors that in- 
cluded a 10% reduction in adult mortality resulted in an 
acceptable probability of persistence and an increase over 
a hypothetical population size of 2,000 (based on the 
assumption that the minimum count of 1,856 during the 
1992 synoptic survey was close to the true value). Esti- 
mates of survival and reproduction from carcass studies 
may be further revised, and whether the carcass sample 
reflects the age structure of the existing population is 
uncertain. However, of major importance, the results of 
the PVA by Marmontel (1993) show the great significance 
of adult mortality reduction to the persistence of Florida 
manatees. Current management aimed at reducing human- 
related deaths (summarized in part by O'Shea 1995) are 
well justified as the cornerstone for maintaining popula- 
tions of Florida manatees in the future. 

The most disconcerting new information on manatee 
populations is mortality. In 1993 the total number of deaths 
in Florida and in other southeastern states followed the 
downward trend of the previous two years (Ackerman 
et al. 1995); 147 deaths in all categories. In 1994, however, 
the total in Florida and in other states increased to 195, the 

highest on record except in 1990, which included 50 deaths 
from unusually cold weather (Ackerman et al. 1995). 
More anthropogenic deaths of manatees were tabulated in 
1994 than in any other year on record. Considering the 
continued development of Florida's coastal areas and the 
changes in engineering that allow more powerful boat 
motors to achieve higher speeds and navigate in shallower 
areas (Wright et al. 1995), the most recent manatee mor- 
tality also underscores the need to reduce the number of 
manatee deaths from human activity. 

Florida Manatee Population 
Status: Conclusions 

Since the enactment of legislation for the protection of 
the Florida manatee in the 1970's and subsequent conser- 
vation and research, all counts of manatees at power plant 
outfalls in winter that have been analyzed revealed upward 
trends except at Fort Myers in southwestern Florida (Gar- 
rott et al. 1994, 1995). (Major increases in the number of 
recovered carcasses in southwestern Florida have also 
been reported; Ackerman et al. 1995.) Counts at Blue 
Spring, which are based on individual identifications, have 
increased steadily. Aerial counts at Crystal River and 
Tampa Bay have also risen over time (Ackerman 1995 and 
sources therein). Uncorrected composite and synoptic sur- 
vey counts in the entire state also revealed increases (Irv- 
ine and Campbell 1978; Ackerman 1995). 

Plausible reasons for such increases in numbers were 
discussed by Ackerman (1995), Garrott et al. (1994, 
1995), Eberhardt and O'Shea (1995), and others. Redistri- 
bution from other areas accounts for a portion of the 
growth at Crystal River and Blue Spring (Ackerman 1995; 
Rathbun et al. 1995). Clearly, however, a major undocu- 
mented population source that accounts for simultaneous 
increases in counts of manatees at nearly all aggregations 
counted since the 1970's is improbable. Researchers have 
speculated that increases in counts could be from improve- 
ments in technique and observer skill, although arguments 
are mixed (Ackerman 1995; Garrott et al. 1994; Reynolds 
and Wilcox 1994), and that perhaps manatee behavior has 
changed, resulting in more aggregated individuals that can 
be counted (Garrott et al. 1994, 1995). Manatees have a 
predilection for warm water and consequences of exposure 
to cold can be lethal (O'Shea et al. 1985; Ackerman et al. 
1995). They are roving and curious and have used power 
plant outfalls in winter for nearly half a century (Moore 
1951, 1956). An influence of behavioral changes as a 
significant source of upward trends in counts therefore 
seems improbable. We believe that the increases in num- 
bers of manatees counted in aggregation areas in winter 
reflected an increase in the Florida population from the 
1970's through the 1980's but that the actual rates of the 
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increase may be less than those observed because of influ- 
ences of factors similar to those noted above, which remain 
poorly understood. We are uncertain whether such a trend 
continued in the 1990's. 

Eberhardt and O'Shea (1995) provide results based on 
data from direct observations of living manatees that suggest 
substantial population growth from internal recruitment at 
the Crystal River and at Blue Spring and slower growth or 
stability on the Atlantic Coast (but based on calculations 
from a less adequate database). Similar data (particularly on 
survival) were simply non-existent to extend modeling to 
other regions. Reproduction parameters revealed by studies 
presented in these proceedings (Marmontel 1995; O'Shea 
and Hartley 1995; Rathbun et al. 1995; Reid et al. 1995) 
indicated the potential for more rapid growth than previously 
recognized (*Packard 1985b). Eberhardt and O'Shea 
(1995), for example, calculated an annual population growth 
rate of 7%/yr at the Crystal River, an area where human-re- 
lated mortality is low (Ackerman et al. 1995) and manage- 
ment is extensive. This higher potential for population 
growth makes the probability of true population growth in 
other areas during the 1970'sand 1980's more plausible than 
previously thought (*Packard 1985b). 

The information on potential population growth rates and 
increases in counts, however, demand reconciliation with 
the number of recovered carcasses. We believe that a num- 
ber of variables influenced the increases in the number of 
recovered carcasses during the study by Ackerman et al. 
(1995) and that the influence of these variables may differ 
among cause-of-death categories. In addition to an increase 
in the number of dead manatees, other variables may include 
an increase in the probability of carcass discovery and 
reporting (from increased numbers of boats on the water, 
increased number of residents in coastal areas, and effective 
public education campaigns), and a probable increase of the 
manatee population (under a constant mortality rate this 
would result in a greater number of deaths). Much of the 
reported total mortality during this period was of calves and 
subadults (Marmontel 1993), which have less of an effect 
on population growth than deaths of adults (*Packard 
1985b; Eberhardt and O' Shea 1995). The number of mana- 
tees that are killed by boats increased at the greatest rates, 
however, and these form a major component of mortality of 
adult manatees. Mortality from boat strikes can therefore 
have a major effect on population dynamics. However, this 
source of mortality also lends itself to straightforward man- 
agement. 

Possible increases in manatee population size since the 
mid-1970's may be attributable to intensified conservation. 
However, the threats to manatee survival and habitat loss 
have accelerated and are expected to increase. A turning 
point may soon be reached, if it has not already. This 
contention is supported by the possibility that upward trends 

in counts at power plants in winter may have diminished in 
the late 1980's and early 1990's (Garrott et al. 1994); by the 
lack of a notable increase of counts and a higher number of 
deaths in southwestern Florida (Ackerman et al. 1995; Gar- 
rott et al. 1994); by the high number of recovered carcasses 
in 1994; and by increased numbers of boats and the more 
complex technology of high-speed boating (Wright et al. 
1995). Because of the lack of accuracy and precision in 
estimates of population size, the size of the Florida manatee 
population could decrease even while counts may seem to 
increase or be stable (*Eberhardt 1982;Lefebvreetal. 1995; 
Marsh 1995a). Given that negative effects on manatee popu- 
lations will continue to increase with burgeoning human 
populations in Florida and that decreases in adult mortality 
can result in growth and long-term persistence of Florida 
manatee populations (Eberhardt and O'Shea 1995; Mar- 
montel 1993), no prudent alternatives exist to maintaining 
proactive, vigorous management aimed at mortality reduc- 
tion. 
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