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ABSTRACT 

A field study of manatee ecology and behavior was conducted on 

West Indian manatees (Trichechus manatus) in Florida during 1979 and 

1980. The manatee population studied inhabited Blue Spring Run, 

Volusia County, Florida, and the St. Johns River basin. A total of 

15 manatees was telemetered with radio frequency transmitters 

allowing individuals to be relocated and followed. Four main topics 

were investigated: 1) seasonal movements, 2) activity patterns and 

time budget, 3) social and reproductive behavior, -and 4) food habits. 

In winter, when the temperature of the St. Johns River fell 

below 20°C, manatees stayed in the warm waters of Blue Spring Run, 

making occasional feeding forays into the surrounding waterways. In 

spring, when the river temperature rose above 20°C, manatees left 

Blue Spring and dispersed into the St. Johns River drainage; none of 

the animals marked in this st~dy were observed traveling to the 

Atlantic Ocean. Summer movements were different between males and 

females. Females remained in relatively small home ranges whereas 

males covered large ranges as they patrolled for sexually active 

females. When males found estrous females, mating groups 

developed. Daily use of Blue Spring Run in winter depended on both 

air and water temperature; manatees tended to make winter feeding 

trips into the St. Johns River in late afternoon and evening. Time 

budget 1nalysis of manatees in the non-winter season showed no diel 

cycle for various behaviors. Both sexes spent similar amounts of 
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time moving, cavorting, feeding, and resting; however, there were 

seasonal differences between the total amounts of time spent in 

these behaviors. Social encounters included feeding groups, 

traveling groups, mating groups, and cavorting with each other. 

Three mating groups were observed and described. Behavioral 

tradition may play an important role in manatee populations. 

Passing information on the location and reliability of critical 

resources may increase chances for survival. Food habits were 

examined both through feeding trials and observations of natural 

feeding. During feeding trials conducted at Blue Spring in winter, 

manatees failed to show a preference among water hyacinth, water 

lettuce, southern naiad, and eelgrass. 
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INTRODUCTION 

Manatees are an endangered group of herbivorous, aquatic mammals 

represented by three species: 1) the West African manatee 

(Trichechus senegalensis), 2) the Amazonian manatee (Trichechus 

inunguis), and 3) the West Indian manatee (Trichechus manatus). The 

West African manatee, found in coastal waters and in major rivers of 

West Africa from Senegal to Angola, has been exploited heavily by 

native hunters (Husar, 1978a). The Amazonian manatee, found 

throughout the Amazon basin, has also been hunted widely by natives 

(Bertram and Bertram, 1973; Husar, 1977a). West Indian manatees 

historically had a distribution along the east coast of the Americas 

from Virginia, U.S., to the southern border of Brazil and throughout 

the Carribean Sea area (Husar, 1977b, 1978b). This species has also 

been hunted and extirpated from many areas (Husar, l978b). Although 

census data are scarce, especially outside of the U.S., there are 

reports of manatee populations of various sizes remaining in 

Venezuela (Mondolfi, 1973), Guyana (Bertram and Bertram, 1973), 

Belize (Charnock-Wilson, 1968; Bengtson and Mager, 1978), and 

Florida (Hartman, 1974; Irvine and Campbell,· 1976). Manatees in 

Florida may comprise the largest remaining population of West Indian 

manatees occurring along all peninsular coasts and in all major 

rivers (Hartman, 1974), and seem to be equally at ease in riverine, 

coastal, or estuarine environments. 
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Although all 3 species of manatees are protected by law, 

populations outside of the U.S. are still hunted. Manatees in 

Florida are protected by the Marine Mammal Protection Act of 1972, 

the Endangered Species Act of 1973, and the Florida Manatee Santuary 

Act of 1978. 

Despite legal protection and even though poaching is rare, 

Florida manatees still are subject to considerable annual mortality 

(Becket al., 1978; Irvine et al., 1978). Cold water temperatures 

in winter may cause death from respiratory complications (Cahn, 

1940; Krumholz, 1943; Moore, 195la; Layne, 1965; Sguros, 1966). A 

major cause of manatee mortality is collision with recreational and 

commercial boats due to both the impact from the hull of these boats 

and the cutting by propellers (Brownell et al., 1978). Navigational 

locks and water control structures also kill manatees (Odell,. 1979); 

however, mortality has been reduced by recent engineering 

modifications in these structures. Habitat loss from dredging and 

siltation of sea grass beds in coastal areas (Lund, 1976; Miranda, 

1979), as well as human harassment of manatees in winter 

concentration areas, continue to be problems. 

The ecology and behavior of manatees in the St. Johns River, 

Florida, were investigated from January, 1979, through December 

1980. The four specific objectives of the project were to 

investigate: 1) seasonal movements, 2) activity patterns and time 

budget, 3) social and reproductive behavior, and 4) food habits. 



14 

These topics were examined in an attempt to provide new information 

to facilitate better management and conservation of West Indian 

manatees as well as other species of manatees. The study focused on 

the manatees using Blue Spring Run, Volusia County, Florida, as a 

winter refuge. This population was chosen because it was easily 

observed during the winter in the clear water of Blue Spring; 

because it was a group that had been periodically studied in 

previous years; and because this population inhabited a large 

freshwater river system, the St. Johns River, thus allowing use of 

radio frequency telemetry equipment. 

STUDY AREA 

The St. Johns River extends approximately 400 km along Florida's 

eastern coast flowing northerly from Brevard County to the Atlantic 

Ocean east of Jacksonville near the Georgia border (Figure 1). It 

is a slow-moving river due to the relatively small change in 

elevation along its length. Indeed, much of the northern third of 

the river reverses the direction of its flow daily as oceanic tides 

rise and force the river water back. Tannins in runoff water from 

adjacent swamps of bald cyprus (Taxodium distichum) and red maple 

(Acer rubrum) and upland stands of live oak (Quercus virginiana) 

stain the river water dark brown. 
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Figure 1. Map of study area. Shaded portion in insert shows area of 
larger map. 
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Manatees occur in the St. Johns River as far south as Seminole 

County. Known winter congregation sites of manatees along the river 

include the Alton Box Factory, Jacksonville; Blue Spring Run; and to 

a lesser extent, the Sanford and Enterprise power plants near Lake . 

Monroe, Volusia Co. (Hartman, 1974). Manatees seek these wintering 

sites when the water temperature falls below 21oc. Approximately 

50 to 75 manatees inhabit the St. Johns River throughout the year. 

Blue Spring (28o 56' 50" N latitude, sao 20' 23" W 

longitude) is a large, free flowing spring that is the source of 

Blue Spring Run, which flows 650 m to the St. Johns River. The run 

varies from 20 to 30 m in width and from 1 to 5 m in depth. Daily 

output of water from Blue Spring is approximately 116 million 

gallons. Water temperature is an almost constant 22.5°C year 

around. The chemical characteristics of Blue Spring have been 

detailed by Rosenau et al. ( l~n7) . 

Manatees have long been observed using Blue Spring as a winter 

refuge from the cold water in the St. Johns River (Moore, 195lb; 

Ledbetter, 1960; O'Keefe, 1973; Powell and Waldron, 1978; Hartman, 

1979), but relatively little research on this population's ecology 

and behavior had been done prior to this study. Anecdotal records 

report that some individuals have been seen repeatedly at Blue 

Spring in the winter since the early 1900's. Hartman (1979) and the 

U.S. Fish and Wildlife Service (Hartman and Powell, 1973; Powell and 

Waldron, 1978) determined numbers and identities of manatees at Blue 

Spring and surveyed plant communities found in Blue Spring Run. 
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The history of human presence at Blue Spring goes back centuries 

to the time when it was a center of Indian habitation, as evidenced 

by the large shell mounds still present today. In the 1800's, Blue 

Spring was a steamboat stop along the St. Johns River. It was later 

a popular recreation spot with boat houses and a gasoline dock 

constructed in Blue Spring Run itself. Portions of Blue Spring Run 

and the surrounding land were established as a state recreation area 

in 1972. Subsequent land purchases of adjacent tracts led to 

complete ownership of Blue Spring Run by the Florida Department of 

Natural Resources and establishment of Blue Spring State Park in 

1976. The state park removed man-made structures from Blue Spring 

to return the habitat to a more natural condition. A manatee refuge 

zone was created within Blue Spring Run excluding people from 

entering the water when manatees are present. In the winter 

1979-80, motor boats were totally excluded from all of Blue Spring 

Run for the first time. 

METHODS 

Animal Identification 

To identify individual manatees, we relied principally on scar 

patterns on the manatees' bodies, relative body size, and sex. Few 

manatees lacked scars due to the high incidence of manatee and boat 

collisions. Less severe wounds were visible for up to 9 months 
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whereas deep wounds left permanent scars. Because most manatees had 

been hit repeatedly by boats, most had several scar patterns. This 

scar or identification technique was workable even in turbid water 

if repeated observations of an individual were possible. 

Scar charts were produced for each known animal in the Blue 

Spring population and also for other individuals encountered in the 

St. Johns River. These charts outlined the basic configuration of 

individual scar patterns and were updated regularly to include new 

patterns as manatees had new encounters with boats. Because 

manatees were repeatedly being struck by boats, it was important to 

update scar charts regularly. Moreover, as manatees sustained new 

wounds, old wounds healed and repigmented, causing their appearance 

to change. 

Capture and handling 

Manatees usually were captured and restrained to attach radio 

transmitters. Woven nylon nets 8.5 m wide by 91.4 m long, of 

approximately 10.2 em square mesh were used to corral the animals 

briefly while they were concentrated in Blue Spring Run during the 

winter time. An open pocket of net was then formed inside the 

closed-off area. When the appropriate manatee swam into the pocket, 

the net was drawn closed, trapping that manatee inside the pocket of 

net. The net then was drawn slowly toward the shore until the 

manatee was restrained in water sufficiently deep for it to stay 
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afloat. A large vinyl stretcher with aluminum poles then was 

submerged and positioned underneath the manatee. When the manatee 

was centered, the stretcher was hoisted out of the water, using 

either a crane or a winch arrangement. A 1 by . 3.7 m wooden pallet 

with 13 em of foam padding on the surface was blocked up underneath 

the manatee in the stretcher. The manatee then was lowered onto and 

.secured to the pallet with nylon straps, which were tightened enough 

to prevent the manatee from bucking. While the manatee was 

restrained, it was weighed, body measurements taken, scar patterns 

photographed, and blood samples drawn (Medway et al., in press). A 

radio transmitter package was custom-fitted and attached to the 

manatee, which then was released by undoing the restraining straps 

and by gently rolling the animal off the pallet into the water. 

Manatees that tolerated close approach by humans were 

telemetered occasionally without restraint. This operation was done 

while the animals were cavorting with each other, bottom resting, 

or actively soliciting human attention. If a diver was able to 

approach a manatee without having it flee, a radio transmitter 

package was fastened around its peduncle. 

Telemetry 

Radio telemetry systems were designed and built by the Cedar 

Creek Bioelectronics Laboratory of the University of Minnesota, 

Bethel, Minnesota. Radio transmitter packages consisted of a 



20 

transmitter with a frequency of 164 to 165 mHz fastened with 

stainless steel hose clamps to a harness made of 0.5 em thick, nylon 

reinforced, rubber belting 2 em wide covered with rubber surgical 

tubing. A metal stiffener on the upper side of the harness 

prevented the transmitter, which was positioned on the dorsal side 

of the manatee, from sliding to the ventral side. Maintaining the 

whip antenna of the transmitter on the dorsal side of the manatee 

improved radio range. The ends of the harness belting usually were 

bolted together using steel nuts and brass bolts so that the 

transmitter package would eventually fall off once the metals 

corroded. Heavy plastic buckles were used as a connector method 

when attaching transmitters to unrestrained manatees because ease 

and speed in attaching the transmitter were essential. The radio 

transmitter and harness weighed approximately 800 g. Whenever 

possible, dead transmitters were removed and replaced in subsequent 

captures and handling. 

Radio receivers had a 64 channel programmable capability that 

could be used either on manual or automatic scanning mode. Two 

types of automatic recorders were used with the programmable mode of 

these receivers. One type was the Esterline Angus 16-channel event 

recorder, which put a tick mark on a strip chart whenever a 

particular channel received a radio signal. A second kind of 

recorder was a pulse counter and a thermal printer apparatus. The 

pulse counter counted the number of pulses received by the receiver 
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over a specified duration, stored this information in a memory, and 

printed the data on a digital thermal printer. The advantage of the 

pulse counter/printer system over the event recorder system was that 

the digital output provided the opportunity to discount erroneous 

signals caused by static on the radio receivers. Both ~ystems could 

use an AC or DC (automotive battery and solar panels) power source. 

Radio frequencies of individual transmitters were scanned· by 

receivers connected to recorders to form automatic stations that 

remotely monitored the presence or absence of specific radio signals 

in the immediate vicinity. 

Seasonal movements 

Attempts were made to locate all telemetered manatees at least 

twice a week either by boat or by air. Manatees usually were 

located and followed from boats ranging in size from 3 to 7 m in 

length powered by inboard-outboard or outboard engines. An electric 

trolling motor mounted on a 5.1 m Boston Whaler allowed approaching 

manatees relatively quietly. A canoe was used to make behavioral 

observations in Blue Spring Run and occasionally when trying to 

approach manatees quietly in the St. Johns River. 

A single Vagi antenna mounted on a 6 m telescoping mast was used 

when tracking from boats. By tuning the radio receiver to the 

specific transmitter frequency of the animal sought and then 

rotating the antenna 360o, a bearing on the radio signal could be 
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Figure 2. Stylized map of St. Johns River study area. 
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obtained to locate the manatee. Triangulation was used to locate 

manatees in large bodies of water. After finding the general 

location of a manatee by using the radio, it usually was possible to 

sight the manatee when it surfaced to breathe. 

Manatee movements were also monitored via aerial tracking using 

172 Cessna aircraft with single Vagi antennas strapped to each wing 

strut on either side of the plane. By listening to the radio signal 

from the right, left, or both antennas, it was possible to locate 

the manatee. Specific locations often could then be verified 

visually from the air. Aerial surveys usually were flown at 

approximately 300 m altitude and at an airspeed of 110-130 km per 

hour. 

Automatic stations supplemented boat and aerial tracking during 

non-winter seasons as check points along the St. Johns River. 

Stations were located at intervals of approximately 75 km where 

there was only one passable channel (i.e., all manatees would have 

to pass that location to get from one sector of the river to the 

other). A radio signal received at an automatic station recorded 

the manatees' identity, the time, and the date when it passed. 

To analyze manatee movements, the St. Johns River system, 

including its tributaries and the lakes through which it flows, was 

divided into segments corresponding to 1 km stretches of river 

(regardless of width) relative to distance from Blue Spring Run 

(Figure 2). Main daily river segment used, distance moved between 
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segments, and general location of manatees were determined by 

plotting locations of manatees on this stylized map. Main daily 

segment used was calculated by selecting the river segment in which 

the majority of our locations for a particular manatee were made for 

a day. If several segments had an equal number of locations for a 

day, the most central segment of those with locations was chosen as 

the main segment. Distance moved was calculated by measuring the 

distance between main daily segments used. For those days when a 

manatee was not located, no main daily segment occurred. Therefore, 

the distance between segments was divided by the number of days over 

which the move took place (for as long as one week). For example, a 

manatee located 40 km from its last known position four days before 

would be calculated as having moved 10 km/day between its main daily 

segments. Rates of movements for periods during which manatees were 

not located for eight days or .longer were not calculated. 

Activity patterns and time budget 

The pattern of winter use at Blue Spring Run was documented by 

manual tracking and by automatic tracking stations situated along 

Blue Spring Run. Radio signals registered on the strip chart or 

digital printout at any given time indicated which manatees were 

present in Blue Spring and which had left to feed.The winter 

patterns were transcribed from the automatic station and manual 

tracking records and summarized by hours. 
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From April through November, 1980, periodically intense visual 

observations were made by recording behavior of individuals 24 hours 

a day for up to one week. These observations were facilitated by an 

2.4 m foot observation platform mounted on the boat. Whenever 

possible, the behavior of the manatee was identified and recorded at 

5 min intervals. Thirteen behaviors observed in the field were 

lumped into four main behavioral categories for analysis: 1) moving, 

2) cavorting, 3) feeding, and 4) resting (Appendix 1). The term 

"cavorting" was used to refer to any obvious social encounters such 

as nuzzling, grabbing, or chasing. When an animal could not be seen 

at exactly the time of the 5 min interval, the last behavior 

observed within 5 min of the mark time was used to estimate 

behavior. When there was no way to see what the animal was doing, 

for example at night or in turbid water, indirect signs were used to 

estimate the behavior whenever feasible. A radio signal whose 

location was changing rapidly along a waterway clearly indicated a 

traveling manatee even though the manatee could not be seen at all 

times. A radio signal moving back and forth in one area amidst a 

group of manatees, which could be seen when surfacing to breathe, 

indicated a manatee cavorting with others. The radio signal could 

not be used to separate feeding and resting categories, but rate of 

respiration was helpful in differentiating between these two 

behaviors. On the basis of behavioral observations and the 

corresponding rate of respiration when observation conditions were 
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very good (e.g., Blue Spring Run or shallow water), breathing rates 

4 min or longer were assumed to indicate resting; rates 3-4 min 

indicated idling; and those of 1-2 min indicated feeding. Rustling 

and disappearing vegetation was an important clue to feeding when 

manatees fed on emergents or floatants. 

Social and reproductive behavior 

Observations were made of encounters between manatees in a 

variety of circumstances. The contexts in which individuals 

interacted and the identity of the participants were recorded 

whenever such encounters were observed. Reproductive events such as 

mating, calving, care of calves, and weaning were recorded. 

Food habits 

Qualitative observations were made of the vegetation eaten by 

manatees as they foraged throughout the river system. Experiments 

were designed and conducted from 20 February 1979 through 13 March 

1979 when the manatees were using Blue Spring Run to determine food 

preferences. A feeding tray (30 x 175 em) was constructed with 

three sites where vegetation could be held fast by elastic webbing. 

This tray was stocked with a different species at each site and 

lowered into water approximately 2 m deep. Manatees voluntarily 

approached the feeding tray to investigate, select, and consume 

vegetation. At the conclusion of each trial, all remaining plant 
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material was replaced with new samples. I had two principal 

objectives in conducting these experiments: 1) to observe which 

readily available plants manatees would or would not eat, and 2) to 

determine whether or not manatees would demonstrate an observable 

preference among plants they were known to consume. 

For the first set of trials, all available local aquatic 

macrophytes, shore species, and other selected terrestrial plants 

were presented. In the second set of trials, manatees were 

presented combinations of the four plants they were most often seen 

eating during the winter: water hyacinth (Eichhornia crassipes), 

southern naiad (Najas guadalupensis), water lettuce (Pistia 

stratoites), and eelgrass (Vallisneria americana). Three of these 

four species were placed on the feeding tray and presented at a 

time. Combinations of species were varied systematically, and tray 

position was chosen at random. Data from trials in which there was 

interference between individuals or in which no manatees approached 

the tray were discarded. 

As a preliminary test to see what cues manatees might be using 

to differentiate among plants, several experiments were also 

designed to examine manatees' ability to select between similar 

looking foods. Stems of spatterdock, water hyacinth, and 

pickerelweed were cut to 15 em sections and presented to manatees on 

the feeding tray to monitor their selection response. 
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RESULTS 

Seasonal Movements 

A total of 15 manatees (11 males and 4 females) was telemetered 

during the course of the study (Table 1, Appendices 2, 3). The 

larger number of males in the sample was caused partly because more 

males than females winter at Blue Spring Run. There was also some 

initial concern that tagging and handling female manatees might 

interfere with their reproductive cycle. However, permission for 

trial tagging of females was received and of the four females 

tagged, there was no observable interference; three of the four 

females tagged in winter, 1980, calved during summer, 1980. 

Fall and Winter Movements 

When the temperature of the St. Johns River fell to approximately 

20° C, manatees returned to Blue Spring Run to seek refuge in its 

warm water. The number of manatees present at Blue Spring rose 

dramatically in the fall, rema.ined relatively constant throughout 

the winter until the water temperature of the St. Johns increased, 

and fell suddenly in the spring as manatees dispersed (Figure 3). 

During the winter, manatees remained in Blue Spring except to 

venture into the St. Johns River to feed. These feeding trips were 

essential because manatees in Blue Spring rapidly ate most aquatic 

macrophytes present within several days. For the rest of the 
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Table 1. Manatees telemetered during study. 

Date Weight Length Penduele Fluke 
Manatee II Sex Handled (kg) (em) Girth (em) width (em) 

851 M 18 Jan 79 390.5 252 110 76.0 
II M 11 Feb 80 406.0 263 

853 M 18 Jan 79 336.5 253 103 68.0 
II M 11 Feb 80 371.9 266 

855 F 6 Feb 79 317 
858 F 6 Feb 79 546.6 279 123 79.0 
BS 9 F 25 Jan 80 759.8 317 79.5 
BS 11 M 18 Jan 79 812.0 338 130 85.0 
BS 13 M 8 Jan 79 490.0 277 115 72.0 

II M 25 Jan 80 517.1 287 111 72~0 
BS 14 M 18 Jan 79 607.0 311 124 79.0 
BS 21 M 18 Jan 79 418.7 273 106 74.0 
BS 22 M 14 Jan 80 315 82.0 
BS 23 M 18 Jan 79 355.6 252 64.0 
BS 24 F 25 Jan 80 811.9 309 77.0 
BS 25 M 25 Jan 80 267.6 219 56.0 
BS 27 M 8 Jan 79 476.0 282 76.0 
BS 28 M 25 Jan 80 347.0 241 100 63.0 



30 

Figure 3. Number of individual manatees observed at Blue Spring Run during 
morning census. 
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winter, manatees depended on food in the St. Johns River and 

adjacent waterways. Manatees in Blue Spring occasionally were seen 

chewing on sticks, rooting around the bottom for detritus, and 

eating clay from the bottom. 

When in Blue Spring, manatees spent most of their time resting 

on the bottom just far enough upstream to be above the thermocline 

between river and Blue Spring Run. Individuals sometimes rested 

further upstream in the public swimming area, but daytime swimmers 

disturbed the manatees, which preferred resting where there was less 

commotion. At night manatees infrequently traveled farther up the 

run -- at times going all the way to the "boil" or head waters where 

they rested with their snouts pointed directly into the limestone 

cavern of Blue Spring itself. 

Winter feeding trips out of Blue Spring Run were made to several 

areas (Figure 4). In winter, 1978-79, there was a high degree of 

site-specific feeding at the north end of Lake Beresford where 

manatees congregated to feed on southern naiad. The winter of 

1979-80 was milder than the previous year and manatees fed in a 

wider variety of areas. For example, a popular feeding area in 

January, 1980, was Hontoon Dead River, an area virtually ignored by 

manatees during the previous season. Manatees also still fed in 

Lake Beresford in 1980, but this was only one of several locales 

utilized. The winter of 1980-81 was again colder and manatees 

appeared to be more site-specific, spending much of their time in 
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Figure 4. Feeding range of manatees at Blue Spring Run in the winters of 
1978-1979 and 1979-1980. 
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Lake Beresford again (Shane, pers. comm.). Individuals ranged up to 

12 km from Blue Spring in the winters of 1978-79 and 1979-80. 

Spring Movements 

In late February and early March, manatees departed from Blue 

Spring Run when the river temperature rose to 2ooc but initially 

remained within approximately 15 km of Blue Spring. They probably 

were hesitant to range further because of potential 'cold snaps 

requiring them to return to Blue Spring for refuge. As spring 

progressed and the likelihood of cold snaps decreased, manatees 

ranged further from Blue Spring. There was an increase in both the 

amount of time spent travelling and distances moved as they traveled 

back and forth throughout their entire range. In both 1979 and 

1980, some individuals stayed together in loose groups of two to ten 
.. 

for approximately two to three months after leaving Blue Spring. 

The main daily river segments used by individuals varied 

throughout the year. For example, BS 13 used areas over 200 km 

apart along the St. Johns River in 1980 (Figure 5). In 1979, most 

Blue Spring manatees traveled north of Lake George to the area of 

the Cross-Florida Barge Canal. They did not necessarily go north 

together, but rendezvoused, regrouped, and stayed in that area for 

several weeks (Figures 6 and 7). 

Manatees generally remained close to the shoreline during these 

travels, cutting corners where the waterway wound back and forth. 
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Figure 5. Relative segment use along St. Johns River by BS 13 
from March through November, 1980. 
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Figure 6. Location of main daily segment used by male manatees 

throughout year. X-axis is distance (km) from Blue Spring Run 

(located at "0"); y-axis is week of the year; Z-axis is number of 

days spent in each segment (seven maximum days in one spot per 

line, as seen in some cases in January and December while staying 

in Blue Spring Run). 
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Figure 7. Location of main daily segment used by female manatees 

(BS 5, 8, 9, 24), two-year old males (BS 25, 28), and males that 

died in the summer of 1979 (BS 21, 23). 
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Preferred routes were river channels unclogged with vegetation; 

small creeks completely plugged by vegetation were avoided. Whether 

this avoidance was due to dense surface vegetation or slow moving 

water allowing siltation is not known. 

Some areas within the St. Johns drainage were visited by 

manatees in both years of the study. The majority of telemetered 

individuals (8 of 10 in 1979 and 8 of 12 in 1980) moved to the Barge 

Canal area each spring (at approximately the 90 km point in Figures 

6 and 7). The two that remained south of Lake George in 1979, BS 21 

and BS 23, probably did so for different reasons 

(Figure 7, d, e). BS 21, struck by a boat sometime in March, 1979, 

made only limited spring movements and began to deteriorate 

physically; He was captured on 4 May 1979 for rehabilitation but 

eventually died in captivity in July, 1979. BS 23 remained in the 

Lake Woodruff/Norris Dead River area through the spring and died of 

undetermined causes in July, 1979. Immediately before his death 

fishermen reported observing him convulsing in shallow water. 

In 1979, BS 13, 14, and 27 made trips much further north than 

the Barge Canal (Figure 6, a, b, c). I tracked these animals as far 

north as Green Cove Springs (at approximately the 170 km point in 

Figure 6) until the water became brackish and the radio signal was 

lost. BS 27 was sighted in that area several times more in summer, 

1979, but not thereafter. He did not return to Blue Spring Run in 

the fall of 1979, and was assumed to have either died or wintered in 
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the Jacksonville area (Figure 6, c). Some areas of the waterway, 

such as Dunn's Creek or Cresqent Lake (Fig. 1), were not used in 

either year of the study. Yet aerial surveys of these areas 

indicated that there were similar plant species in these waterways 

as in those with manatees. 

Rates of movements of manatees were different between sexes and 

seasons (Tables 2, 3, Figure 8, Appendices 4 -6). Adult males moved 

more, both in total distance and length of individual trips, than 

either adult females or younger males throughout the year. During 

spring, rates of movements were more similar. This is partially 

t;•ecause females moved more in the spring than in the summer. 

However, female data may have been complicated by the fact that BS 

24 and 85 8 (Figure 8) had calves that summer . BS 9 was accompanied 

by a nursing calf throughout 1980. 

Summer Movements 

In contrast to spring movements, summer movements differed 

between males and females. Both in 1979 and 1980, manatees returned 

south of Lake George from the Barge Canal (Figures 6 and 7). This 

pattern was fairly well documented by radio tracking for 1980. Even 

though transmitters were failing by July, 1979, untagged and tagged 

(with dead transmitters) manatees were observed south of Lake 

George; I think that most of the manatees that had spent their 

spring in the Barge Canal in 1979 returned to the area between Lake 

Dexter and Lake Beresford. 
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Table 2. Monthly summary of rates of movements. Total km moved between 
daily segments used calculated excluding periods with data gaps 8 days or 
longer. 

Female Male Both sexes 
Month Mean Mean Mean 

Jan 79 6.9 6.9 
Jan 80 15.2 9.0 11.1 

Feb 79 52.5 41.6 43.7 
Feb 80 28.8 38.6 34.2 

Mar 79 197.4 199.0 198.7 
Mar 80 140.7 100.2 118.2 

Apr 79 84.8 166.6 146.1 
Apr 80 127.7 121.2 123.4 

May 79 218.9 107.2 123.2 
May 80 91.4 121.2 110.0 

Jun 79 60.9 60.9 
Jun 80 86.0 105.6 99.1 

Jul 79 
J.ul 80 50.4 144.8 121.2 

Aug 79 12.9 35.9 28.3 
Aug 80 57.5 140.0 119.4 

Sep 79 
Sep 80 60.0 145.8 117.2 

Oct 79 
Oct 80 110.5 189.8 163.3 

Nov 79 111.8 67.0 89.4 
Nov 80 69.3 120.6 107.8 

Dec 79 38.6 8.9 17.4 
Dec 80 7.2 23.0 17.7 

Monthly 79 102.4 77.1 79.4 
80 70.4 105.0 95.2 

Yearly 79 717.0 694.1 714.6 
80 845.0 1259.8 1142.7 

Both Years 781.0 976.9 928.6 
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Table 3. Analysis of variance for distances moved between main daily river 
segment in 1980. 

Source of variation Degrees of freedom 

Between sexes 

Distance by month and sex 13 

Distance by sex 2 

Distance by month 11 

Between adult males 

Distance by mo. and individual 15 

Distance by month 11 

Distance by individual 4 

Between adult females 

Distance by mo. and individual 13 

Distance by month 11 

Distance by individual 2 

Between juvenile males 

Distance by mo. and individual 12 

Distance by month 11 

Distance by individual 1 

F value 

33.30 

57.69 

26.72 

21.50 

21.52 

18.39 

13.41 

15.30 

5.37 

6.47 

7.02 

1.00 

Significance 
level 

~.001 

< .001 

<.001 

<.001 

<.001 

<.001 

< .001 

<.001 

<.001 

<.001 

<.001 

(.318 
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Figure 8. Distance travelled by males (BS 1, 3, 13, 14, 22), 

females (BS 8, 9, 24), and two-year old males (BS 25, 28) between 

main daily segment used throughout 1980. Individuals shown are 

those with the most continuous record. 
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Movements differed between adult males (BS 13, 14, 22) and the 2 

2-year old male manatees (BS 25 and 28). Adult males clearly moved 

greater distances with greater frequency than younger males, which 

tended to stay in one area for a time, with few long trips. BS 3 

and BS 1, aged somewhere between the 3 older males and the 2-year 

old males, were different from each other. BS 3's moves were 

similar to those of the younger males', whereas BS l's moves were 

more similar to those of the adult males. In addition to moving 

farther between the main daily segment used each day, adult males 

also used more daily segments per day than females or young males 

(Figure 9)~ The main point in this figure is that most data points 

showing more than 10 segments used per day are seen in the male 

plots (k-t). Females (a-f), two-year old males (g-h), and males 

that later died (i-j) had relatively few days when an individual was 

found in more than 10 segments. 

Adult females moved less often in the summer than in the 

spring. For example, in 1979, BS 8 returned from the Barge Canal 

area to the southwest shore of Lake Woodruff, remaining in that 

vicinity essentially during the entire summer and fall. Although 

other manatees were moving closer to Blue Spring, she did not begin 

to move toward Blue Spring until the water temperature had dropped 

to approximately 20°. Whenever there was a warm spell, BS 8 

immediately moved back towards Lake Woodruff from Blue Spring until 

the water had cooled down again, forcing her to return to Blue 
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Figure 9. Total number of river segments used per day by 
manatees throughout year. 
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Spring. In 1980, BS 8 again spent the majority of the summer in 

Lake Woodruff along the same shore, although that spring she had had 

a calf, whose presence may have caused her to remain in one spot. 

Another adult female, BS 24, also showed the tendency to remain in a 

relatively small area. In the summer of 1980, after returning south 

from the Barge Canal, she spent most of her time in a lagoon just 

south of Blue Spring. Due to transmitter failure, I do not have 

sufficient data on the other females who were initially telemetered 

to state confidently that this female pattern is a widespread 

phenomenon. However, on the basis of the observations of BS 8 and 

BS 24, it seems feasible that in the summer females occupy 

relatively small home ranges along specific stretches of the river. 

A common aspect of the behavior of BS 8 and BS 24 behavior was 

that were active along routes frequented by manatees. For example, 

most manatees passing through ·Lake Woodruff from Norris Dead River 

to Lake Dexter traveled along the southwest shore of Lake Woodruff, 

often skirting the vegetation zone where BS 8 spent most of her 

time. In a similar way, the lagoon occupied by BS 24 was located at 

the intersection of two main travel routes, the St. Johns River and 

a canal to Hoonton Dead River. Manatees passing north or south 

often passed by the lagoon where BS 24 was located. It seems that 

females- were situated at easily accessible and well traveled sites. 

Such positioning would ensure that males passing through the area 

would be likely to encounter them. Food availability did not seem 
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to be as relatively important because there were many sites along 

less traveled routes which had the same species of plants in 

abundance. 

Whereas females during this time of year were staying in 

relatively small areas, males traveled back and forth along a 

selected portion of the waterway. Because the routes patrolled by 

males often had interconnecting channels which formed a loop, these 

routes were termed "circuits". Males completed their circuits at 

intervals which varied from 6 to 10 days. As they traveled through 

their circuits, adult male manatees would deviate from the main 

channel to investigate side creeks and channels. Further, if there 

were two or more possible routes, such as channels on either side of 

a large island, it was common to observe a male cover all possible 

routes. He might travel on the east side of an island when headed 

south and the west side of the island on his return trip north. In 

this way, the whole waterway would be searched by the male. Males 

repeatedly met other manatees during these circuits, approached each 

other, and had some sort of interaction. It was not usually 

possible to see what this interaction was because of the dark water; 

however, I assumed that some combination of tactile, chemical, and 

auditory communication was taking place. These social exchanges may 

have allowed individual recognition or separation of sexually active 

females from other .manatees. 
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Social encounters lasted from several minutes to as long as one 

day. If the manatee encountered by a traveling male was another 

male, the encounters were often relatively short (10 or 15 min), but 

sometimes males would travel together for periods of up to several 

days. This pattern was more common in the spring than in summer and 

early fall. On the other hand, if the manatee encountered was a 

female, the patrolling male remained in her area longer. We often 

observed solitary males approaching the lagoon south of Blue Spring 

where BS 24 spent much of the summer, 1980. These males entered the 

lagoon alone, approached BS 24, cavorted for a while, then settled 

down to feed or bottom rest in the area for as much as half a day 

before moving on. Presumably the male moved on in search of other 

females if, after this evaluation period, there was no evidence that 

the female was in estrus. By periodically traveling throughout his 

circuit, a male could keep track of the reproductive condition of 

several females and, therefore, be in a position to attempt 

copulation with any of the females within his circuit once they came 

into estrus. 

Although the data are somewhat circumstantial, I believe males 

may structure their circuits to contain several females within the 

areas they patrol. BS 13, a large male, regularly visited sites in 

Lake Beresford, the lagoon south of Blue Spring, a canal by the 

Sanford Power Plant, and Woodruff Creek at the east end of Lake 

Monroe. At all of these sites, he was observed interacting with 
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other manatees, some of which were females. The others that he 

associated with at these sites could not be identified, but were 

presumed to be females because he repeatedly encountered them in the 

same general area. When a male encountered an estrous female, he 

focused his attention on her and pursued her even if she fled 

outside of his regular circuit area. Mating group formation and 

behavior in mating groups are considered in a later section. 

Activity Patterns and Time Budget 

Use of Blue Spring Run in Winter 

Winter activity of manatees at Blue Spring essentially revolved 

around being in or out of Blue Spring. While in Blue Spring, they 

usually rested or interacted socially with other manatees. While 

out of Blue Spring, they were ·either feeding or traveling to or from 

a feeding site. In both 1979 and 1980, various individuals left 

Blue Spring at different times to feed (Figure 10). Each horizontal 

bar in these figures represents an individual manatee. Some 

manatees spent more time than others outside of Blue Spring 

feeding. For example, in the week of 28 January 1979 to 4 February 

1979 while almost all of the manatees tagged at Blue Spring remained 

in the Run, BS 1 spent nearly 50% of his time out of Blue Spring 

feeding. 
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Figure 10. Daily use of Blue Spring Run by manatees in winter, 
1979 and 1980. Each horizontal bar represents an individual 
manatee. From the lowest bar to the upper bar for each week, the 
1979 manatee identification numbers are, respectively: 23, 11, 13, 

14, 3, 1, 27, 8, 5, 21; the 1980 manatee identification numbers 
are, respectively: 28, 25, 24, 22, 14, 13, 11, 9, 8, 5, 3, 1. 
Black bars indicate absence from Blue Spring Run. Shaded areas 
indicate periods when automatic stations were malfunctioning and 
the record was therefore not continuous (data points within these 
periods are from manual tracking). 
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Manatees tended to leave Blue Spring in the late afternoon to 

begin their feeding forays, feed throughout the night, and return in 

the forenoon of the following day (Figure 11). Most feeding trips 

out of Blue Spring lasted between 3 and 15 hours (Tables 4 and 5). 

Comparison of air temperature with the number of telemetered 

manatees that left Blue Spring shows that manatees apparently were 

cuing on air temperature. As a general rule, the manatees left Blue 

Spring just after the daily air temperature had peaked. They 

remained outside of Blue Spring feeding for the remainder of the 

afternoon and evening as air and water temperature fell. As the 

water temperature of the St. Johns River rose in late February and 

early March, manatees spent less time in Blue Spring Run. By 

mid-March as the manatees' activities were no longer restricted by 

the cold water, manatees no longer maintained their diurnal winter 

activity pattern. 

Non-Winter Time Budget 

Time budget observations during non-winter seasons showed some 

changes in the amount of time male and female manatees spent in 

various behaviors (Figures 12, 13, Appendices 7- 14). The limited 

time budget data collected in both April and May, 1980, provide some 

insight into female behavior. Both 8S 5 and BS 8 spent a fairly 

high percentage of time moving and relatively little time 

cavorting. The females' high percentage of moving may have been 
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Figure 11. Additive chart of manatees absent from Blue Spring 

Run in winter, 1979 and 1980. The y-axis of the black horizontal 

bars represent number of manatees absent at that time of day. 

Solid curve shows daily air temperatures (°C) dotted curve 

indicates air temperature estimate on basiss of daily minimum and 

maximum solid dots indicate water temperatures of St. Johns 

River. Straight horizontal dotted lines show 15°C level. 

Shaded areas in 1980 indicate periods when automatic stations were 

malfunctioning and the record is therefore not continuous (data 

points in these periods are from manual tracking). 
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Table 4. 
1979. 

Duration (in hours) of feeding trips out of Blue Spring Run in 

Manatee Number Weekly 
Date 1 3 5 8 11 13 14 21 23 27 Means 

14-20 57.0 11.5 14.0 22.0 15.5 8.0 8.0 17.5 
Jan n=2 n=2 n=2 n=3 n=2 n=l 

21-27 13.0 3.5 6.0 6.0 21.0 9.5 15.0 10.3 
Jan n=4 n=2 n=1 n=2 n=2 n=2 n=l 

28-3 14.2 9.0 3.7 3.0 8.3 
Jan-Feb n=6 n=1 n=3 n=3 

4-10 18.2 9.7 19.0 10.5 6.0 2.7 10.0 11.0 
Feb n=5 n='3 n=1 n=4 n=1 n=4 n=l 

11-17 25.2 15.3 17.0 28.7 14.7 11.0 15.0 12.2 4.8 7.3 15.0 
Feb n=5 n=2 n=2 n=3 n=3 n=2 n=4 n=4 n=5 n=3 

18-24 137.0 47.5 44.3 145.0 24.0 42.0 35.5 44.2 85.0 29.5 51.7 
Feb n=2 n=4 n=3 n=2 n=2 n=2 n=4 n=3 n=2 n=4 

15-4 13.0 19.0 43.0 9.0 9.5 7.0 17.5 15.0 
Feb-Mar n=3 n=3 n=2 n=3 n=4 n=4 n=4 

Total 
Mean 15.2 16.8 33.4 50.0 13.9 17.9 20.7 21.7 14.2 18.2 
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Table 5. Duration (in hours) of feeding trips out of Blue Spring 
Run in 1980. 

Manatee Number Weekly 
Date 1 9 13 14 22 24 25 28 means 

20-26 3.0 3.0 8.0 2.0 8.0 4.8 
Jan n=l n=1 n=l n=1 n=l 

27-2 13.0 2.7 4.0 9.2 6.8 8.0 12.3 7.5 
Jan-Feb n=2 n=6 n=4 n=6 n=6 n=7 n=3 

3-9 8.0 2.0 3.0 7.0 4.7 4.5 4.3 4.2 
Feb n=1 n=1 n=4 n=1 n=4 n=4 n=3 

10-16 13.7 10.0 8.7 13.5 13.5 3.5 4.5 21.7 
Feb n=4 n=3 n=3 n=2 n=4 n=9 n=9 

17-23 30.5 36.0 18.2 34.2 36.6 31.8 7.4 27.0 
Feb n:4 n=4 n=6 n=4 n=5 n=5 n=5 

24-1 22.3 31.0 4.5 18.0 33.0 19.0 25.2 
Feb-Mar n=3 n=l n=2 n=2 n=2 n=2 

2-8 6.8 10.5 20.0 9.5 16.5 8.7 10.7 
Mar n=5 n=2 n=1 n=4 n=2 n=3 

Total 
Mean 17.4 20.0 9.6 12.8 6.4 16.8 10.5 6.5 
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Figure 12. Total percent behavior observed in males and females 

throughout year. Solid lines indicate males; dotted lines 

indicate females. 
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Figure 13. Total percent behavior observed in manatees throughout 

year. M=moving, C=cavorting, F=feeding, R=resting. 
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related to the fact that they were both pregnant at the time. BS 8 

spent a great deal of time prior to the 25 April birth of her calf 

traveling throughout the Lake Woodruff and Lake Dexter area 

presumably trying to locate a suitable calving site. BS 5 also 

spent a relatively high percentage of time moving, although she did 

not appear to investigate potential calving sites to the extent that 

BS 8 did. 

Later in summer and early fall, the August and September figures 

for the females show that both BS 5 and BS 24 were doing relatively 

little moving but were doing an increased amount of feeding. During 

this time, both BS 5, which had calved in early May, and BS 24, 

which calved in early August, were caring for calves. This 

increased feeding may have been due to the physiological demands of 

lactation. During the August and September block, BS 5 displayed a 

high percentage of cavorting versus a relatively low proportion of 

resting. This result may not have been the normal situation due to 

the fact these data were taken while she was the focus of a mating 

group. At that time, although relatively little time was spent 

moving, almost constant attention from males resulted in her 

cavorting with the males for over 1/3 of her time, leaving only 

about 10% of her time available for resting. This high level of 

cavorting can also be seen in the October and November figures for 

BS 40 while in a mating group formed around her. The slightly lower 

proportion of time spent cavorting in BS 40's mating group is 
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probably due to her higher level of moving; there was less 

opportunity for the males to cavort with her as she traveled. 

The Blue Spring manatees did not exhibit a strong diel cycle 

outside of the winter season (Figure 14). Percentage of time spent 

in different behaviors throughout the day did not indicate any 

strong trend toward feeding, cavorting, resting, or moving in any 

one portion of the day preferentially over another portion of th~ 

day (Table 6). 

It was assumed that if any diel patterns did exist, they would 

be apparent in mating groups, sometimes composed of the same 

individuals in the same, focused behavior (Figures 15 and 16). But 

Chi-square tests of time budget observations on mating groups showed 

that even in these groups, manatees were arhythmic. 

Social and Reproductive Behavior 

Confirming the reports of other authors who have observed 

manatee social behavior in both mating (Hartman, 1979) and 

non-mating (Reynolds, 1979) situations, individuals along the St. 

Johns River exhibited social behavior in a variety of contexts. 

Mating groups, which form when males discover and attempt to mate 

with an estrous female, were encountered and followed three times 

during the study. Groups of manatees also formed in association 

with feeding, traveling, and cavorting. 
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Figure 14. Percent time spent in four behaviors throughout day 

by males, females, and both sexes combined from April through 

November, 1980. 
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Table 6. Chi-square values for comparisons of behavioral observations by 
hour through day. 

Chi-Sguare Values 
Sex Comparison Moving Cavorting Feeding Resting 

Jun-Jul 
M Aug-Sep 247.8 102.9 157.9 225.2 

Oct-Nov 

Apr-May 
F Jun-Jul 483.9 242.3 323.0 482.5 

Aug-Sep 
Oct-Nov 

M Apr-Jul 93.6 48.6 103.7 130.2 
Aug-Nov 

F Apr-Jul 229.4 183.5 94.2 112.3 
Aug-Nov 

M Apr-Jul 341.1 166.3 103.8 130.6 
F Apr-Jul 

M Aug-Nov 81.4 92.3 115 104.8 
F Aug-Nov 

M Apr-Nov 256.5 275.3 86.2 233.2 
F Apr-Nov 
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Figure 15. Time budgets for mating groups focused on BS 40 

(twice) and BS 5. Horizontal bars encompass 24 hours of 

observations. Sample periods were every five minutes. Blank 

areas represent no data. Shaded areas represent four behaviors as 

described below. 
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Figure 16. Percent time spent in four behaviors throughout the 

day (three mating groups combined). 
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Non-mating Groups 

Manatees were observed in at least three types of social groups 

besides mating groups: feeding, traveling, and cavorting groups. 

During the winter when manatees were congregated in the Blue Spring 

vicinity, manatees often went to the same feeding spots in the area, 

even though the sites chosen were not the only places near Blue 

Spring where food was available. 

In 1979, manatees showed a strong preference for feeding at the 

north end of Lake Beresford. Plant species available in that area 

included southern naiad, eelgrass and water hyacinth along the 

shores of the lake and along the river channels of the St. Johns 

River between Blue Spring and Lake Beresford. The south end of Lake 

Beresford and the oxbow just south of it contained abundant water 

hyacinth throughout the winter, but these locales were not heavily 

used for feeding. 

Manatees traveled together in the winter. Two or more manatees 

were occasionally observed leaving Blue Spring at the same time and 

traveling in close proximity (l to 3 m apart) to a feeding area 

where other manatees were congregated. More often, however, 

manatees leaving Blue Spring traveled to the feeding area alone. 

Return trips from the feeding area back to Blue Spring were often 

made in groups of 6 to 8 animals. Many times I observed manatees 

returning from Lake Beresford to Blue Spring, traveling in pairs of 
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two abreast following each other at intervals of approximately 10-15 

m. Breathing was usually synchronous between members of a pair. 

The sexual composition of these groups varied from all male to 

mixed. There did not appear to be any pattern of sexual ordering or 

pairing within these groups. Neither was there any obvious 

dominance between manatees in structuring the configuration of these 

traveling groups. 

Manatees also were observed traveling together for various 

periods of time in the non-winter season. Two males often met in 

the river in the spring or early summer and traveled together for 

one to several days. Single males also sometimes traveled with 

females. For example, BS 1, a relatively small male of unknown age, 

spent several weeks in the spring of 1979 with female BS 8 in the 

Lake Woodruff and Dexter area. During this time, BS 1 could be seen 

in close association with BS a· in all activities which she 

undertook. BS 8 probably was not sexually active then because other 

large males passed through her area, investigated her, but moved 

on. Similarly in the spring of 1980, BS 1 traveled with female BS 4 

and her calf BS 30. His behavior was similar to that of the year 

before when he had spent time with BS 8. A third example of a 

juvenile male spending time with a female was observed in 1980 when 

a 2-year old male, BS 25, encountered BS 5, an adult female, just 

prior to her calving on 12 May 1980. BS 25 stayed with BS 5 through 

calving and for several days thereafter, even as they traveled from 
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spot to spot. Hence, it appeared that young male manatees sometimes 

chose to associate with adult females for varying periods of time. 

Although the motivation for this association is unclear, this 

behavior probably does not represent formerly weaned calves 

reassociating with their mothers. BS 25 was known to be the calf of 

female BS 24. He was weaned in the summer of 1979 and showed no 

particular interest in BS 24 when they met in the spring and summer 

of 1980. Moreover, the 1978 calf of BS s, male BS 28, was tagged 

along with his mother in the winter of 1980. They were observed 

meeting in the river system several times during the spring and 

summer of 1980, but never showed any more interest in each other 

than with any other manatees in their vicinity. 

Cavorting groups were a third type of non-mating social group 

containing manatees in all size classes and of both sexes. These 

groups were of either mixed sex and age class or exclusively male. 

Mating Groups 

In all three mating groups observed during late summer of 1980 

(Table 7), it is likely that each group was discovered and followed 

within the first day or two of its formation. This is probable 

because at the time each group was discovered, the number of male 

manatees pursuing the female was relatively low and still growing. 

The first mating group observed focused on BS 40, a large female 

who was unfamiliar to us prior to that time. When we first 
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Table 7. Identification numbers of manatees present in the three mating 
groups observed. Animal numbers 500 or higher were assigned to individuals 
identified in the St. Johns River but never sighted at Blue Spring Run. 

BS 40:I 

1 

2 

11 

13 

14 

32 

556 

3 

Mating Group 
BS40:II 

1 

2 

11 

13 

14 

32 

10 

41 

42 

43 

551 

555 

855 

1 

2 

11 

13 

14 

32 

10 

41 

42 

43 

551 

555 

19 

22 

26 
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encountered her, she was near Blue Spring with a mating group 

developing around her. Over the next several days, this mating 

group moved throughout the area between Blue Spring and Mud Lake as 

more males discovered the female (Figure 17). On 7 September 1980, 

BS 40 and her pursuing males started moving north rapidly, traveling 

over 160 km (Figure 18), and arriving at Drayton Island, north of 

Lake George (Figure 19). They remained in this area until 14 

September 1980 when males began to leave, apparently in response to 

the conclusion of estrus. 

The second mating group observed was focused on BS 5. In 

contrast to BS 40's mating group, BS 5 had had a calf in early May 

and was still lactating. The mating group was discovered developing 

in Norris Dead River when BS 13 located BS 5 and remained with her. 

Group size proceeded to grow (Figure 17) as more males discovered 

her. In contrast to BS 40's mating group, BS 5's mating group did 

not move long distances (Figures 18 and 19), perhaps because of her 

young calf. Her failure to travel can be seen in the lower percent 

time her mating group spent moving than the two groups formed on BS 

40 (Figure 20). During periods of intense cavorting, the calf moved 

to the side of the waterway and to bottom rest. At the conclusion 

of cavorting, or whatever activity the mating group was undertaking, 

the calf reunited with the female. If there was any traveling out 

of the area, the calf immediately went to the side of the female. 

By 26 September 1980, the number of males in the mating group began 
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Figure 17. Identity of manatees participating in mating groups 

and duration of their presence. Black horizontal bars show 

presence of individual manatees. 
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Figure 18. Distance traveled by three mating groups from time 

when group was encountered until its dissolution. 
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Figure 19. Relative use of river segments by three mating groups. 
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Figure 20. Percent time spent in four behaviors by mating 

groups focused on BS 40 and BS 5. Summary shows percent time for 

all three mating groups lumped together. 
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to drop off, indicating a loss of interest in the estrous female. 

BS 14 left the mating group on 27 September 1980. With his 

departure, we lost track of the mating group because he was the last 

telemetered manatee to leave the group. When he left, there was 

only 1 male present in the group and he presumably left shortly 

thereafter. 

The third mating group observed was also focused on BS 40. This 

group formed on 4 October 1980, one month after the start of the 

first group observed. We followed her and her attendant males for 

eight days as they traveled over 125 km (Figures 18 and 19). BS 40 

again moved north, reaching the southern end of Lake George before 

the group broke up on 12 October 1980. 

It is interesting to consider the movements of both males and 

females following the dissolution of mating groups. I am less sure 

of the movements of females because none of the focal females in the 

mating groups had operable transmitters, but there is some evidence 

that, at least after the completion of BS 40's first mating group, 

she moved south to the Blue Spring area. She was discovered there 

with a new mating group forming 20 days after the end of her first 

mating group. 

The movement pattern males exhibited upon leaving mating groups 

was much clearer. They returned to the area where they had formerly 

been patrolling for females and began a new search for sexually 

receptive females. This male behavior was conceivably a strategy to 
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survey repeatedly as many locations as possible where females might 

be present and to investigate all females encountered to determine 

their reproductive status. BS 13 returned to patrol a stretch of 

river between southern Norris Dead River and Lake Monroe. As can be 

seen from the summary of his movements during these times, after a 

rapid return to his patrolling area from where he had left the last 

mating group, BS 13 began a thorough search pattern of all side 

creeks, lakes, and other portions of the waterway where females 

might have been found (Figure 21). The similarity between the 

search pattern on a waterway both before the first mating group, 

between groups, and after the third strongly suggests that he was 

seeking other females. In each of these cases, his patrolling ended 

with the location of a mating group, which he joined and followed 

until it disbanded. Other males, such as BS 14 whose circuit ran 

from Lake Dexter to Lake Beresford, also returned to areas which 

they had previously been patrolling before participating in mating 

groups. 

Reproductive Events 

Several reproductive events observed during the study offer 

further information on the reproductive cycle of manatees (Table 

8). Both BS 5 and BS 24 had calves twice with a similar calving 

interval. Each brought a new calf back to Blue Spring Run with her 

in fall, 1978. These calves (85 28 and 85 25, respectively) 
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Figure 21. Movements of BS 13 before and after mating groups. 
Solid black line shows pattern of his patrolling while searching 
for sexually receptive female. Black dot shows position where 
mating group was encountered. Note direct return from northern 

areas (where both of BS 40's mating groups broke up) to his 
circuit normally patrolled. 
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Table 8. Reproductive events and timing of possible mating groups. 

female I.D. 

855 

BS 4 

BS 24 

BS 8 

BS 40 

* Approximately 

Mating Group 

Jun 79(?) 

Sep 81 

May 79 (?) 

Sep 80 
Oct 80 

Birth of Calf 

Jun 78 (?) 

12 May 80 

Aug 79 (?) 

Jul 78 (?) 

10 Aug 80* 

25 Apr 80 

Weaned Calf 

10 Jun 79 

Aug 79* 
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remained with their mothers through that winter and were still 

nursing when they left Blue Spring in March, 1979. Neither BS 24 

nor her calf, BS 25, were telemetered, so I am not sure when that 

calf was weaned. However, both of these individuals returned to 

Blue Spring independently in fall, 1979, so the calf must have been 

weaned sometime in summer. BS 28 continued to nurse as he followed 

his mother during extensive trips along the river. He was weaned on 

10 June 1979 in the Lake Beresford area. Although it is not known 

when either of these adult females manatees may have been bred 

again, their next calving dates are known. BS 5 calved on 12 May 

1980 at the mouth of St. Francis Dead River and BS 24 calved on 

approximately 10 August 1980 in a protected creek just east of Lake 

Monroe. Hence, each of these females had a 2 year calving 

interval. The third telemetered manatee, which had a calf in 1980, 

was BS 8. She was present without a calf from winter, 1978/79, to 

25 April 1980 when she gave birth in Ziegler Dead River. Her 

calving interval was therefore at least 2 years as well (it is 

possible that she could have lost a calf during the summer of 1978). 

Food Habits 

Feeding Trials 

During the 62 trials designed to determine which plants manatees 

would eat, 23 different plant species were presented (Table 9). 
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Table 9. Vegetation types offered to manatees at Blue Spring Run during 1979 
feeding trials. Species avoided are shown below the dotted line. 

Common Name Scientific Name 

Pickerelweed Pontederia lanceolata 

Coontail Ceratophyllum demersum 

Torpedograss Panicum repens 

Water lettuce Pistia stratoites 

Giant bulrush Scirpus californicus 

Alligatorweed Alternanthera philoxeroides 

Giant reed Phragmites sp. 

Para grass Panicum purpurascens 

Common salvinia Salvinia rotundifloia 

Water hyacinth Eichhornia crassipes 

Eelgrass Vallisneria americana 

Southern naiad Najas guadalupensis 

Cattail Typha sp. 

Saw palmetto Serenoa repens 

Spanish moss Tillandsia usneoides 

Spatterdock Nuphar sp. 

Red maple Acer rubrum 

Orange leaves Citrus sp. 

Live oak leaves Quercus virginiana 

Times 
Completely 

Eaten 

12 

5 

3 

3 

2 

9 

8 

9 

0 

17 

4 

2 

7 

2 

0 

0 

0 

0 

0 

Times Times 
Partially Not 

Eaten Eaten 

0 

0 

0 

0 

0 

2 

3 

1 

2 

2 

0 

0 

3 

3 

1 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

2 

2 

11 

22 

1 

1 

1 
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Table 9, cont. 

Cabbage palm Sabal palmetto 0 0 1 

American elm Ulmus americana 0 0 1 

Elder leaves Sambucus sp. 0 0 3 

Water pennywort Hydrocotyle umbellata 0 0 5 
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Generally, manatees ate aquatic and shore-type species, avoiding 

woody, terrestrial types. Two herbaceous aquatic plants that were 

avoided were spatterdock (Nuphar 22·) and water pennywort 

(Hydrocotyle umbellata). Spatterdock was eaten partially when 

several manatees crowded the feeding tray and hurried to eat before 

other manatees had a chance. Under those rushed circumstances, 

manatees started eating spatterdock, but quickly stopped and 

discharged what was in their mouths. Common salvinia (Salvinia 

rotundifolia) was eaten only partially, perhaps due more to its 

small particle size rather than an aversion to the plant itself. 

Spanish moss (Tillandsia usneoides) was ignored. 

Manatees fed without interference from other manatees in 85 of 

the 122 preference trials; 29 trials involved two or more manatees 

eating simultaneously; during 2 trials one manatee moved off before 

~ finishing the tray; and in 6 trials no manatees approached the 

feeding tray. 

Manatees feeding without interference from others displayed no 

apparent preference among the four plants offered (X2=.70, P~.os, 

d.f.=3) (Table 10). Usually manatees would eat the plant at the 

first site they approached on the feeding tray. Fifty-eight times 

(68.2%), the manatee moved from one end of the tray to the other as 

it finished eating at_ each site. 

In the preliminary experiments to test what cues manatees were 

using to select plants, despite the similar appearances, manatees 
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Table 10. Feeding trials testing preference between plant species. Results 
shown are from trials with manatees feeding without interference from other 
manatees. 

Manatee /123 Manatee /117 
Plant (52 trials) (33 trials) 

Choice Times Choice Times 

Hyacinth: 1st 12 1st 10 

2nd 17 2nd 8 

3rd 13 3rd 7 

Water lettuce: lst 12 1st 10 

2nd 16 2nd 12 

3rd 10 3rd 6 

Eelgrass: 1st 15 1st 8 

2nd 10 2nd 6 

3rd 12 3rd 11 

Southern naiad: 1st 13' 1st 5 

2nd 9 2nd 7 

3rd 17 3rd 9 
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were able to identify the spatterdock and avoid it. This behavior 

suggests the use of non-visual cues. 

Observations of Natural Feeding 

Manatees feeding at night under natural conditions did not 

tolerate being approached closely by boat with a spotlight to see 

what they were eating. It was also usually difficult to get close 

enough to determine what manatees were eating in the daytime without 

changing their behavior. Indirect evidence of manatees eating 

submerged plants was obtained sometimes by using a hydrophone, 

listening to manatees chewing, and returning to the site later to 

see what plants were available. 

Manatees ate a variety of plants throughout the year (Table 

11). Shifts in species eaten through the year are partly due to 

seasonal plant availability in· the areas frequented by the 

manatees. For example, foraging along the bottom of Blue Spring Run 

for acorns and detritus (confirmed by acorn shells in their feces) 

and pulling palm fronds into the water was observed only during 

severe cold spells in winter. Similarly, when in the vicinity of 

the Cross-Florida Barge Canal/St. Johns River junction during April 

and May, 1979, manatees mostly ate the abundant hydrilla and 

eelgra~~ present there. Manatees were also more often observed in 
• 

the summer consuming mats of floating grasses such as para grass 

(Panicum purpurascens) and water paspalum (Paspalum fluitans) than 

in the winter when these mats were less well developed. 
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Table 11. Food items eaten by manatees under natural situation. X 
indicates observation of feeding. 

Species JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Hyacinth X X X X X X X X X X X X 

Alligatorweed X X X X X X X X X X X X 

Lettuce X X X X X X X X X X X 

Unid. grass X X X X X X X X X X X 

Eelgrass X X X X X X X X X 

Naiad X X X X X X X X X 

Paragrass X X X X X X X X X 

Coontail X X X X X X X X 

Pennywort X X X X X X X X 

Water pasaplum X X X X X 

Detritus X X X X 

Hydrilla X X X 

Pickerelweed X X 

Phragmites X X 

Cattail X X 

Palmetto X X 

Sticks X X 
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DISCUSSION 

Development of Seasonal Movement Patterns 

Winter synchronizes the annual cycle of manatees in the St. 

Johns River. Onset of cold weather and the concurrent drop in water 

temperature forces manatees annually to seek a warm water refuge if 

they are to survive. It is therefore important to have a reliable, 

warm water source accessible year after year such as Blue Spring 

Run. The large volume of discharge from Blue Spring and its 

relatively constant temperature create a reliable refuge that the 

manatees have incorporated into their annual tradition. Moreover, 

this site is near feeding areas that enable the manatees to spend 

the entire winter in the Blue Spring vicinity, making trips into the 

surrounding waterway to feed. 

Manatees probably move away from Blue Spring in the spring 

partly because food avilability in the winter range had been 

reduced. When the water temperature of the St. Johns River no 

longer confined them to a narrow portion of the St. Johns, there 

would be little point to stay within the winter range which had been 

supporting Blue Spring manatees for the past several months. 

Traveling to a new area would allow foraging in fresh habitat. But 

this argument alone cannot explain the move north to the Barge Canal 

area in both years. In route to the Barge Canal, manatees passed 
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through many areas with abundant food. If new foraging areas were 

the sole motivation for initially moving away from Blue Spring, it 

is doubtful that the manatees would have moved as far as they did. 

Perhaps a long movement through much of the population's total range 

allows assessment of the habitat available to the manatees. 

These long range travels might also be of value in introducing 

newborn calves to the traditional range of the St. Johns River 

manatee population. Tradition in the manatee population observed 

appears to be fairly important. An obvious example of tradition is, 

of course, the use of Blue Spring in the winter. However, there are 

several other traditional patterns in this population that are less 

obvious. These may include traditional rendezvous areas throughout 

the range where manatees are likely to meet other manatees. 

Potential rendezvous areas include the Barge Canal, Why Lagoon on 

Noris Dead River, Mud Lake, and Lake Beresford. Manatees would 

often remain in these areas for periods of a day or more. Other 

manatees moving through the area would pass by and investigate these 

sites to check for the presence of other manatees before moving on. 

Such rendezvous sites may play a role in reinforcing social bonds 

between members of the population at Blue Spring. If such sites 

were indeed important to manatees, then it would be important to 

introduce calves to these localities to maintain the tradition. By 

traveling throughout the population's entire range, calves could be 

introduced to various sites which would later be useful to them. 
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For example, in the spring of 1979, BS 5 and her calf BS 28 traveled 

north of Lake George to the Barge Canal area and spent 11 weeks 

there and further north before returning south of Lake George 

again. In the spring of 1980, BS 28 ventured north of Lake George 

alone to the vicinity where he and his mother had spent the previous 

spring. The similarity between BS 28's spring movements in 1979 

(same as BS 5, 1979) and 1980 may be due to repeating travels 

learned in the previous year (Figure 22). 

It is essential for manatees to learn the locations of various 

warm water "safe spots" along the river system. In addition to 

learning that Blue Spring Run is a dependable winter refuge, 

observations of manatees getting caught away from Blue Spring during 

early spring cold snaps provided evidence that the manatees knew 

where other refugia were. In 1979, two male manatees took refuge in 

the Enterprise Power Plant effluent, which was the closest warm 

water when cold weather suddenly arrived. In 1980, during a spring 

cold snap, BS 28 and BS 3 headed for Welaka Springs when they were 

caught away from Blue Spring unexpectedly. At that time BS 28 was 

less than 2 years old and was traveling in spring for the first time 

as a weaned calf. In the previous spring he had visited Welaka 

Springs with his mother, BS 5. As discussed above, BS 28 may have 

returned to the area where he had been with his mother the previous 

year out of some sense of tradition. In any event, the fact that he 

knew where the closest warm water was when unexpectedly faced with 
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tigure 22. Comparison of spring movements of BS 5 in 1979 

(accompanied by her calf 8S 28) and BS 28 in 1980 (traveling 

independently). 

BS 5: I 979 

BS 28: I 980 
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cold weather strongly suggests a familarity with that area gained 

during the previous year with his mother. Information on other 

predictable resources that could be integrated into a population's 

tradition include areas of high food availability and those 

waterways in which it is relatively safe to travel. 

Summer home ranges might have been selected by manatees on the 

basis of those areas where, judging from information gained on their 

spring travels, the habitat seemed suitable. The summer areas used 

for feeding in 1979 and 1980 were, for the most part, outside of the 

winter range. There would be little point in feeding during the 

summer in an area which had been heavily grazed the winter before 

and which would be needed again in the coming winter. While most 

summer ranges were outside of the manatees' winter range individuals 

did pass through those areas periodically. For example, BS 13's 

principal summer range included a minor portion of the areas used by 

Blue Spring manatees in the winter. 

With the arrival of fall, manatees moved closer to Blue Spring to be 

ready to take refuge when cold weather threatened. It appeared that 

the manatees in the fall remained just beyond the feeding areas 

closest to Blue Spring. 

Thus, the development of the seasonal movements of manatees in 

the St. Johns River centers around their annual retreat into a warm 

water refuge to escape the cold river water. In spring these 

animals move out of their winter range and travel widely throughout 
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their entire yearly range perhaps as a habitat assesment strategy. 

In the summer manatees may go to the most favorable areas found 

during their spring movements or they may frequent areas preferred 

in previous years. For example, BS 8 repeatedly preferred the 

southwest portion of Lake Woodruff. In fall, as cooler weather 

approaches, manatees move nearer to Blue Spring so that they are 

within striking distance of its warm waters, should refuge be 

needed. This strategy also allows winter forage to recover. 

Significance of Activity Pattern 

The winter activity pattern of manatees at Blue Spring is 

clearly structured around conserving energy. This pattern depended 

to a large extent upon two fundamental aspects of survival through 

the winter: 1) obtaining sufficient food to survive and 2) avoiding 

the cold water of the St. Johns River as much as possible by staying 

in the warm water of Blue Spring Run. By spending most of their 

time resting and avoiding long movements, manatees presumably were 

able to reduce the amount of food needed in the winter. Best (in 

press, a) reported that Amazonian manatees could fast when necessary 

during dry periods. Manatees in Florida may also be able to fast 

when required. In 1979, there were several manatees that did not 

leave Blue Spring Run to feed for over one week (Figure 10). 

The only relatively long movements that manatees made during the 

winter were trips into the St. Johns River to feed. There were two 
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main behaviors during feeding trips: 1) traveling to and from a 

feeding site, and 2) feeding. While out in the cold water, manatees 

traveled directly to the feeding site, ate for a prolonged period, 

and returned rapidly to Blue Spring's warm water. The pattern of 

nightime feeding is probably due to choosing a time when the river 

is at its warmest. By going to feed after the air temperature has 

started to cool off, manatees have perhaps learned that the water 

will not get any warmer for that day. Therefore, if they need to 

feed that day, the best time would be in the late afternoon because 

the river is as warm as it will get. 

Whereas the winter nighttime feeding trips showed a daily cycle, 

for the rest of the year manatees do not appear to have any 

particular die! cycle. Sirenians may only exhibit die! patterns 

when there is an obvious local environmental cycle affecting their 

behavior. For example, Anderson and Birtles (1978) observed a die! 

feeding pattern in dugongs that was related to tidal fluctuations. 

In the winter manatees cue on air temperature to time their forays 

out of Blue Spring, but once they are no longer confined by cold 

water temperature, any regularity in their daily behavioral pattern 

breaks down. 

There was more agreement in the total amount of time spent in 

various behaviors across a longer period of time. Both male and 

females had approximately the same general time budget (Figure 13), 

but males throughout the year spent a greater percentage of their 
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time moving. From August to November, both sexes increase the 

amount of time spent feeding, presumably to build up energy reserves 

for the coming winter. 

Social and Reproductive Behavior 

Observations of feeding, traveling and cavorting groups do not 

support the idea that these associations were coincidental; I 

believe that there was social motivation for manatees traveling and 

feeding together. For example, manatees may have been motivated in 

selecting feeding areas by social factors, preferring to feed where 

other manatees were feeding. After having fed successfully with 

conspecifics in one area of their winter range, they showed an 

inclination to return to that site next time. Feeding groups of 

this type sometime included as many as 10 individuals. Manatee 

behavior in mating groups presented some interesting contrasts 

between male and female reproductive strategies. The male strategy 

was essentially one of searching for sexually receptive females, 

attempting to copulate, and resuming his search for other receptive 

females. Adult males systematically patroled and searched sections 

of the waterway to increase their chances of locating females. 

However, once they had located the females, copulation was not 

necessarily guaranteed. The fact that some males in the group were 

closer to the focal female more often than other males straggling in 

the group suggested that there was some sort of competition for a 
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position in the group (Figure 23). Male competition for access to 

the female may have occurred even though I never saw obvious 

displays of intrasexual aggression; competition for the female may 

involve subtle gestures and other communication between males. 

Females had a strategy that may have delayed copulation with the 

males until there was a large group of males focused on her. The 

evolution of an estrous cycle with a relatively long period of 

attraction would be compatible with trying to attract a large group 

of potential mates. The females' pattern of moving through a 

waterway pursued by males would also ensure that the size of the 

group grew as more males discovered the mating group. Although I 

did not observe copulation in any of the three mating groups, it 

could be advantageous for the female to delay successful copulations 

until a large mating group had formed. This delay would provide 

time for the group of males td compete for dominant positions within 

the mating group in anticipation of the time when she was ready to 

be inseminated. At that point, several males may copulate with the 

female (Hartman, 1979) (presumably the most successful 

competitors). This pattern would help explain why some peripheral 

males in mating groups left the group before other males closer to 

the female. The peripheral males may have assessed that they would 

not have a good chance of copulating with the female and therefore 

left the group. 

Although the female reproductive cycle is still somewhat 
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Figure 23. Configuration of male manatees in closest proximity 

to BS 5 and BS 40's mating groups while moving. Other males 

straggling behind those pictured are not shown. Calf of BS 5 was 

present at her side but not shown. Numbers in manatee outlines 

are individuals' identification numbers. 

MATING GROUP CONFIGURATION BS 5 

21 SEP 1980 

Tl•• 1223 
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MATING GROUP CONFIGURATION IS 40; II 

I I OCT 1980 

~ 
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Tl•t I 039 Tl•• 1303 

Ti•• 144 2 

Ti•t 1840 
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uncertain, our observations did contribute some insight. Females 

apparently have multiple estrous periods each year as shown by BS 

40's two mating groups which began one month apart. Our 

observations of BS 40 support Hartman's (1979) suggestion that 

manatees may be similar to elephants in having several estrous 

periods, some of which may be sterile cycles before actually 

conceiving (Buss and Smith, 1966; Short, 1966). The presence of a 

calf with the BS 5 mating group indicates that she may have had a 

mating group while in a sterile estrous cycle (if, in fact, 

lactation precludes ovulation). 

Behavioral tradition may play an important role in the manatee 

social system in at least two ways. First, the evolution of a 

behavioral tradition would allow passing information between 

manatees regarding predictable resources. A critically important 

resource that has already beeri discussed is that of winter refugia. 

A second reason for the possible importance of tradition within 

manatee populations is the increased chance for social encounters. 

Radio tracking allowed following known individuals for long periods 

of time. During these times manatees often traveled solitarily but 

frequently encountered, stopped, and interacted with other manatees 

which they met. It is not yet clear what the role or relative 

importance of these encounters may be, but the pattern of manatees 

meeting each other and then moving on again alone, together with the 

fact that a manatee in an area recently vacated by other manatees 
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will commonly go to another area where manatees often congregate, 

suggests that manatees seek regular social contact. The presence of 

rendezvous sites as discussed earlier, I think, plays a role in 

allowing manatees to continue to be in social contact with a number 

of conspecifics periodically. 

Feeding Behavior 

Several authors have discussed the food habits of both captive 

manatees (Brimley, 1931; Lomolino, 1977; Best, in press, b) and wild 

manatees (Barrett, 1935; Krumholz, 1943; Allsopp, 1960,1961,1969; 

Hartman, 1971, 1979; Packard, 1981). Bertram and Bertram (1962) 

stated that manatees are largely unselective in their feeding and 

will eat any plants that are soft enough to be torn off by their 

muscular lips. Allsopp (1961) noted that manatees ate all plants in 

the water except emergent, woody shrubs and thorny stems. Manatees 

at Blue Spring also disregarded the woody, terrestrial species 

placed on the feeding tray. Manatees would touch their bristles and 

lip pads to these species and then move off without consuming any of 

the plant. However, the feeding trial data suggest that the ability 

to tear the plant material is not the only criterion for determining 

which plants manatees will eat. For example, two soft-textured 

plants, spatterdock (Nuphar) and water pennywort (Hydrocotyle), were 

clearly avoided while plants with similar texture were favored. 

Manatees mouthed these two species, but then moved on to the next 

feeding site. 
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Manatees may be chemically evaluating various plants. If 

manatees are somehow "tasting" plants before eating, it would help 

to explain their avoidance of spatterdock and pennywort. Some of 

the plants presented to Blue Spring manatees contained potentially 

distasteful secondary compounds (Table 12). These data suggest a 

possible correlation between the presence of alkaloid and/or 

terpenoid compounds and the desirability of the species as food for 

manatees. Both spatterdock and water pennywort contain alkaloid 

compounds; pennywort also contains terpenoid compounds. Many 

alkaloids are bitter and therefore may be undesirable to eat. The 

alkaloids present in Panicum are alkaloidal amines, a different 

group which may not be distasteful to manatees. 

The ability to chemically sense foods, demonstrated in the 

preliminary trials testing how· manatees selected food, may be 

important in avoiding plants sprayed with herbicide. On several 

occasions during the spring and summer, manatees were observed 

selectively eating water lettuce from mixed mats of hyacinth and 

water lettuce that had been sprayed with the herbicide 2-40. The 

lettuce had been unaffected by the spraying, whereas the hyacinth 

was badly wilted. Some chemical sensing of the plants from below 

may have allowed manatees to make this selection. 
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Table 12. Presence (+) and/or absence (-) of various chemical constituents 
in aquatic genera fed to manatees at Blue Spring (McClure, 1970; Gibbs, 1974). 

Genus 

Alternanthera 

Ceratophyllum 

Eichhornia 

Hydrilla 

Hydrocotyle 

Najas 

Nuphar 

Panic urn 

Phragmites 

Pontederia 

Pistia 

Typha 

Vallisneria 

Alkaloids 

+ 

+ 

+ 

Terpenoids Phenolics Flavanoids 

+ 

+ + 

+ + 

+ 

+ + 

+ + 

+ + 

+ 

+ 

+ + 

+ + 

+ + 

+ 
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IMPLICATIONS FOR CONSERVATION 

The manatee is an endangered species because of conflicts with 

the activities of modern man. The alteration of habitats, 

introduction of man-made hazards, and scores of other problems 

associated with the steadily increasing human population threaten 

the survival of manatees and appear to be pushing them toward 

extinction. Faced with that situation, what is the outlook for 

finding solutions enabling man, manatees, and other wildlife to live 

compatibly? Ecologists today are challenged to investigate natural 

interactions within ecosystems and to provide new insight into how 

man and all other living things can most successfully continue to 

share their mutual environment·. Therefore, a principal motivation 

behind the project described was to provide data that would allow a 

better understanding of the ecology of manatees and ultimately aid 

in their conservation. This project yielded results that can be 
I . 

incorporated into conservation strategies in at least three areas: 

1) aquatic plant control, 2) winter refugia, and 3) behavioral 

tradition. 

Aquatic Plant Control Programs 

There are several possible conflicts between the habitat 

requirements of manatees and the need to maintain open water 
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channels along the St. Johns River. To what extent does the 

widespread application of herbicides to aquatic macrophytes affect 

manatees and their habitat? 

During the winter whil~ congregated around warm water refugia, 

manatees are clearly dependent upon abundant, local food supplies. 

Plant control must be reduced in winter feeding areas to ensure 

these supplies. For the Blue Spring population, sufficient forage 

must be left undamaged within approximately 10 km of Blue Spring, 

the average winter foraging distance observed, if it is to continue 

to be used by manatees as a winter refuge. In addition to 

maintaining a supply of aquatic plants generally within a 10 km area 

of the refuge, sites immediately next to Blue Spring should be 

cultured as well. Leaving vegetation in oxbows and lagoons close to 

Blue Spring would offer a nearby place to feed during severe cold 

spells when manatees can only be in the cold water for limited 

periods of time. Nearby food sources would allow shorter feeding 

trips, reducing manatees' exposure to cold water and speedboats. 

However, in planning areas to serve as principal feeding sites, 

managers should not consider that one nearby site will be utilized 

as the sole feeding site as long as sufficient food is available. 

Despite nearby food sources, I suspect that during mild winter 

weather manatees would still range farther from Blue Spring to feed 

(e.g., to Lake Beresford and Hontoon Dead River). These forays, as 

discussed above, may be socially motivated. For that reason, 
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aquatic plants must be maintained throughout the area within a 

distance of approximately 10 km of Blue Spring. 

The total number of manatees using Blue Spring in winter 

increased from 1978/79 through 1980/81 with 22, 27, and 37 

individuals attending, respectively. Even though it is not clear 

what factor was previously acting as an ecological bottleneck to 

prevent greater use of Blue Spring as a winter refuge, a variety of 
• 

actions taken in those years may be responsible for the recent 

increase. Excluding all boats and people from the manatee refuge 

area, enforcing a boat speed zone in the St. Johns River just 

outside of Blue Spring, and instituting the policy in 1978 by the 

U.S. Army Corps of Engineers to avoid spraying plants within the 

winter range of the Blue Spring population may have all played a 

role in this change. 

Aquatic plant control programs in the non-winter seasons also 

impact manatees, but in some favorable ways. Along the St. Johns 

River I did not see any evidence that current programs adversely 

affected manatees by destroying too much of their food; the 

principal target of the control program, water hyacinth, is such a 

prolific grower that I believe that it would be difficult to 

eliminate it to the point where manatees were directly affected. 

Aside from the obvious commercial and recreational benefits of 

keeping channels open by controlling hyacinths, manatees also 

appeared· to benefit. When choosing between relatively shallow 
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backwaters, they almost always chose areas not completely covered 

with floatants. Creeks where there had been no control and which 

were therefore completely plugged with hyacinths were avoided. 

The practice of leaving a vegetation zone along the edge of open 

channels provided both food and safety to manatees. Rooted 

spatterdock often defined the width of this zone and trapped 

floatants such as hyacinth and water lettuce. Manatees often moved 

through the spatterdock, pulling down and eating the floatants. The 

vegetation zone also provided a "safe spot" from passing boats. In 

narrow channels (e.g., Norris Dead River) manatees often bottom 

rested just at the edge of the vegetation zone, out of the path of 

most boats, which used the center of the channel. Females and young 

calves commonly rested for long periods in the vegetation zone--out 

of the main channel, but with ·an easily accessible open channel 

nearby. 

Control of hyacinths also allowed the growth of other plants 

eaten by manatees. For example, in areas with dense surface cover, 

submergent plants such as southern naiad and eelgrass are shaded 

out. These plants are able to flourish if they get enough light. 

Winter Refugia 

Given the critical importance of warm water winter refugia for 

manatees throughout most of Florida, maintaining the present refugia 
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should be a high priority. Both boats and people should be excluded 

from these sites while manatees are present. Harassment of manatees 

attempting to rest in refugia is a threat to manatees that could be 

reduced if sufficient manpower and resources were available. I 

think that one of the reasons that more manatees used Blue Spring 

during the course of the study was that harassment of manatees by 

boaters and swimmers was reduced through the enforcement efforts of 

state park personnel. Limiting the number of permits given to 

photographers, news media personnel, and scientists to enter the 

refuge area and approach manatees would also keep harassment to 

minimal levels. 

Other steps can be taken to assure that refugia presently used 

remain reliable and safe for manatees. Altering springs and other 

refugia used by manatees should be undertaken only after careful 

scrutiny ensuring that manatees will not be adversely affected. For 

example, development of lands in a spring's watershed might affect 

the natural flow of the spring. At Blue Spring, where SCUBA divers 

are allowed to dive into the boil of the spring, there is some 

chance--perhaps remote, but certainly critical--that divers may 

loosen boulders in the lower portions of the boil and thereby alter 

the flow of upwelling water. Such a possibility should not be taken 

lightly; adequate protection of the spring's "fountain", as it is 

called locally, is essential to the future welfare of manatees at 

Blue Spring Run. 
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A lower priority than maintaining currently used winter refugia 

is the possibility of grooming new refuge areas for winter use. 

Along the St. Johns River, DeLeon Springs and Welaka Springs are two 

sites which may be suitable. Both sites are presently privately 

owned and have boat traffic throughout the ~ear. Several steps 

would need to be taken to foster manatee use of these sites or 

others like them. A constantly warm water source, of course, is 

necessary and virtually guaranteed at natural springs. A readily 

accessible source of food must also be present throughout the 

winter. Third, harassment from people in water and boats must be 

eliminated (probably most easily accomplished by limiting human 

access to the water). And finally, a tradition of manatee use must 

be established. By grooming new areas for winter use as well as 

giving high priority to maintaining presently used refugia, it may 

be possible to reduce the number of winter casualties caused by low 

winter temperatures. 

Role of Behavioral Tradition 

Behavioral tradition appears to play an important role in 

manatees' social behavior and use of resources. Calves apparently 

learn the location of warm water refugia and rendezvous sites while 

still with their mothers. Therefore, actions causing early weaning 

should be avoided even if calves are physically able to survive 
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independently. The existence of a behavioral tradition in manatees 

may also affect the success of reintroducing captive manatees to the 

wild. Both rehabilitated adults and orphaned calves raised in 

captivity should be released into areas with viable manatee 

populations. In most cases, manatees should probably be released 

where they were captured if that area is known to be successfully 

inhabited by manatees. But when manatees are captured from the 

fringe of their range or in areas with very high local mortality, 

they may have a better chance of surviving if released in another 

area where there is a thriving population. Presumably the released 

manatees would learn the location of tradition sites from the local 

residents. 

Behavioral tradition in manatee populations may also have 

bearing on attempts to re-establish manatees in areas where they 

were extirpated. If traditional use of some sites fades with the 

disappearance of manatees for some reason, it may be necessary to 

take further steps to reestablish manatees than just correcting the 

reason that caused manatees to leave in the first place. Although 

it would be no simple task to recreate and teach behavioral patterns 

to transplanted manatees, perhaps young individuals brought into 

favorable habitats would begin to develop new traditions. Whether 

transplants would be very successful or not may be a question 

prematurely posed in light of the difficulty in just maintaining 

current populations. But more importantly, I hope the idea stresses 
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the value in conserving not only individual members of a population, 

but also the behavioral traditions of various populations as well as 

the sites attached to those traditions. Once these traditions are 

lost, the survival of manatees later moving into the area may be 

reduced because these individuals will not have the benefit of 

knowing where critical sites within that range are located. 
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SUMMARY 

1. The annual cycle of manatees along the St. Johns River is one in 

which winter refugia from cold water play an important role. For 

the particular population studied, Blue Spring Run, Volusia Co., 

serves as a warm water refuge in the winter. 

2. Springtime movements of manatees differ from the summer pattern 

as males and females alike travel widely throughout their range in 

loose groups. 

3. In the summer and fall adult male and.female manatees appear to 

behave differently. Males pat'rol "circuits" looking for sexually 

active females. Females maintain relatively small home ranges along 

well-traveled routes. 

4. During the winter manatees have a partially nocturnal feeding 

pattern. They leave their warm water refuge to venture into the 

cold water just after the daily high air temperature has peaked in 

the afternoon. They may remain out of Blue Spring feeding through 

the night as the water and air temperature fall, returning to Blue 

Spring in the morning. 
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5. Manatees do not show a strong diel pattern during the non-winter 

season. Without compelling environmental reasons to cycle, there 

apparently are no benefits in maintaining a daily pattern. 

6. Even though the total time budget summaries between males and 

females are similar, there are differences in these groups between 

times of the year. The periods April through July and August 

through November show differences in the amount of time that males 

and females spend moving and feeding. 

7. Feeding, traveling, and cavorting groups were three types of 

social units observed. These associations were composed of 

individuals of both sexes and apparently of all age classes. 

8. Three mating groups, which form when males patrolling their 

circuits discover a sexually active female, were observed in Sep and 

Oct, 1980. Group size increased as more males 

discovered the female; males followed her over potentially long 

distances; and males lost interest when the female apparently came 

out of estrus. 

9. Behavioral tradition may play an important role within a manatee 

population. Passing information on the location and reliability of 

critical resources, such as winter refugia, as well as fostering 
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increased social contact through the use of rendezvous sites may 

increase chances for survival. 

10. Two females monitored during the study gave birth with a 2-year 

calving interval. Their former calves, born in the summer of 1978, 

were weaned at approximately 1 year. The females gave birth again 

in May and August, 1980. 

11. Manatees were able to discriminate between various plants 

offered. During feeding trials they avoided aquatic macrophytes 

containing alkaloids (Nuphar and Spatterdock). 

12. In experimental presentations, Blue Spring manatees showed no 

preference among the plants that they were known to eat (Pistia , 

Eichhornia, Najas, and Valisneria) 
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Appendix 1. Definitions of behavioral categories used in time budget analysis. 

Moving 

Travelling: moving steadily in one general direction 

Milling: moving about in same general area without cavorting or feeding 

Social travelling: "travelling" while "mildly cavorting" en route 

Cavorting 

Cavorting: more than one manatee grabbing, rolling, etc.; periodic splashes 

Mildly cavorting: less intense cavorting; nuzzling, rubbing, moving in group 

Feeding 

Feeding: steadily feeding in patch of plants 

Periodic feeding: taking bites of food while "milling" (1/2 milling, 
1/2 feeding). 

Social feeding: taking bites of food while "mildly cavorting" 
1/2 cav., 1/2 feed.) 

Resting 

Bottom resting: 

Surface resting: 

remains in one spot, breaths every 4 minutes or longer 
(bottom). 

same as bottom resting, but manatee at surface (back out) 

Idling: remains in one spot, breaths less than every 4 minutes. 

Stationary: specific activity unknown, but animal not moving location. 

Unknown 

Unknown: no data 
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Appendix 2. Identification numbers of manatees observed during the 
study. "BS" refers to manatees wintering at Blue Spring. "SJ 500" 
series indicates manatees identified in St. Johns River, but which 
did not use Blue Spring Run in the winter. 

Manatee No. Sex 

BS 1 
852 
853 
BS 4 
855 
856 

M 
M 
M 
F 
F 
M 

85 7 xx not used 
85 8 F 
BS 9 F 
85 10 M 
BS 11 M 
BS 12 xx not used 
BS 13 M 
BS 14 M 
BS 15 xx not used 
85 16 xx not used 
BS 17 F 
85 18 xx not used 
BS 19 M 
BS 20 M 
85 21 M 
85 22 M 
85 23 M 
85 24 F 
85 25 M 
85 26 M 
BS 27 M 
BS 28 M 
85 29 M 
BS 30 M 
85 31 F 
BS 32 M 
BS 33 M 
85 34 M 
BS 35 M 
85 36 F 
BS 37 F 

Transmitter 

+ 

+ 

+ 

+ 
+ 

+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 

Comment 

Died of boat strike, 1979 

Died of undet. cause, 1979 

1978 calf of BS24 

1978 calf of BS5 
1979 calf of BS9 
1979 calf of BS4 

1980 calf of BS8 
1980 calf of BS5 
1980 calf of BS24 
1980 calf of BS38 
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Appendix 2, Cont. 

Manatee No. Sex Transmitter Comment 

BS 38 ? 
BS 39 F 
8540 F 
BS 41 M 
BS 42 M 
BS 43 M 
SJ 551 ? 
SJ 552 ? 
SJ 553 ? 
SJ 554 ? 
SJ 555 ? 
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Appendix 3. Periods when manatees were telemetered with operable 
transmitters. 

Manatee If Start Date End Date Convnent 

851 Jan 79 Jul 79 Batteries failed 
II Feb 80 Nov 80 II II 

BS 3 Jan 79 Jun 79 II II 

II Feb 80 Oct 80 II II 

BS 5 Feb 79 Dec 79 II II 

II Mar 80 May 80 Fell off (buckle type) 
858 Feb 79 Dec 79 Batteries failed 

II Feb 80 Nov 80 II II 

BS 9 Jan 80 Apr 80 II II 

BS 11 Jan 79 Jul 80 II II 

II Feb 80 Jul 80 Fell off (buckle type) 
BS 13 Jan 79 Jul 79 Batteries failed 

II Jan 80 Dec 80 II II 

BS 14 Jan 79 Feb 79 Replaced 
II Feb 79 Aug 79 Batteries failed 
II Jan 80 Apr 80 Replaced 
II Apr 80 May 80 Fell off (buckle type) 
II Jul 80 Jul 80 Fell off (buckle type) 
II Jul 80 Dec 80 Batteries failed 

BS 21 Jan 79 May 79 Manatee died 
·BS 22 Jan 80 Oct 80 Batteries failed 
BS 23 Jan 79 Jul 79 Manatee died 
BS 24 Jan 80 Dec 80 Fell off (bolt corroded) 
BS 25 Jan 80 Aug 80 Batteries failed 
BS 27 Jan 79 Jul 79 Left study area 
BS 28 Jan 80 Aug 809 Batteries failed 
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Appendix 4. Monthly summary of female rates of movements. Total km moved 
between main daily segment used. Values in parentheses indicate periods 
within which there were gaps in tracking data of eight days or more. 

Manatee Number 
Month 5 8 9 24 40 

Jan 79 
Jan 80 5 36 18 2 

Feb 79 41 64 
Feb 80 0 23.3 39 53 

Mar 79 216.3 178.6 
Mar 80 125.5 168.1 128.4 141 

Apr 79 86.3 83.3 
Apr 80 82.2 247 49.6 132 

May 79 218.9 (96.6) 
May 80 (97.6) 77 103.7 93.6 

Jun 79 (145.4) (160.0) 
Jun 80 (16.1) 56.2 (106.5) 115.8 

Ju1 79 (. 9) (19.2) 
Jul 80 (10.6) 37.9 (26.4) 63 

Aug 79 (5.3) 12.9 
Aug 80 (4.4) 58.1 (18. 3) 57 

Sep 79 (1) (8.6) 
Sep 80 (23.0) 31.2 (17.7) 44.7 104 

Oct 79 (0) (14.4) 
Oct 80 (10.8) 55.3 (53.9) 178.2 98 

Nov 79 (0) 111.8 
Nov 80 (7.3) 66 (20.8) 72.7 

Dec 79 0 77.3 
Dec 80 0 14 15 0 

Monthly 79 (59.6) (75.2) 
80 (31.9) 72.5 (49.8) 79.4 101 

Yearly 79 (715.2) (826.8) 
80 (382.5) 870.1 (597.4) 953 202 

Both Years (548.8) (848.4) (597.4) 953 202 
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Appendix 5. Monthly summary of rates of male movements, Part I. 
Legend as in Table 5. 

Manatee Number 
Month I 3 II !3 I4 2I 

Jan 79 19 0 0 20 16 0 
Jan 80 0.9 0 0 0 20 

Feb 79 46 46 68.5 16 76 32 
Feb 80 59 (72.1) 0 30 57 

Mar 79 (44.5) 165.1 272.4 271.8 184 141.9 
Mar 80 90.8 (47.8) 147 144.9 72.5 

Apr 79 (174.0) 90.1 (206.1) 202 377.4 101 
Apr 80 164.3 29.3 198.1 71.4 178.2 

May 79 216.8 66.7 (168.5) 229.3 59.2 1 
May 80 112.3 91.3 150.5 142.5 (35.3) 

Jun 79 (90) (20.4) (119.6) (59.1) (84.4) 
Jun 80 148.2 44.7 (15.6) 148 .8 (12. 0) 

Jul 79 (1.2) (37 .2) (12.4) (18.9) (4.0) 
Jul 80 76.8 192.6 (14.9) 218.8 (38.6) 

Aug 79 (8.9) 18.9 (20.4) (9.1) 53 
Aug 80 69 62.1 (1.9) 240.8 158.2 

Sep 79 (8.1) (93.5) (6.9) (8.1) (56.8) 
Sep 80 169.4 97.8 (132.2) 262 132.7 

Oct 79 (8.4) (9.6) (7.1) (8.4) (8.1) 
Oct 80 97.9 96.9 (140.6) 328 328.9 

Nov 79 (4.0) 67.0 (7.1) (4.0) (3.9) 
Nov 80 125.8 97 (39.1) 157.5 60.1 

Dec 79 0 44.6 0 0 0 
Dec 80 67 6 22 42 5 

Monthly 79 (51. 7) (54.9) (74.1) (70.6) (76.9) 55.2 
80 98.4 (69.8) (71.8) 148.9 (91.5) 

Yearly 79 (620.9) (659.1) (888.9) (846.7) (922.8) 275.9 
80 1181.4 (837.6) (861.9) 1786.7 (1098.6) 

Both Years (901.2) (748.4) (875.4) (1316.7) (1010. 7) 275.9 
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Appendix 6. Monthly summary of rates of male movements, Part II. 
Legend as in Table 5. 

Manatee Number 
Month 22 23 25 27 28 

Jan 79 0 0 
Jan 80 40 11 0 

Feb 79 16 32 
Feb 80 (94) 47 (92.5) 

Mar 79 132.7 225.2 
Mar 80 (122. 8) 45.9 (14.4) 

Apr 79 61.7 167.4 
Apr 80 171.4 104.9 52.3 

May 79 70.4 (55.8) 
May 80 (258) 109.3 (37.3) 

Jun 79 60.9 (0) 
Jun 80 (86.1) 80.7 (181.3) 

Jul 79 (0) 
Jul 80 241.6 84.3 54.9 

Aug 79 (20) 
Aug 80 217.8 91.9 (29.8) 

Sep 79 (0) 
Sep 80 132.2 80.5 (12.2) 

Oct 79 
Oct 80 232.7 54.2 (12.1) 

Nov 79 
Nov 80 235.4 48 (4.5) 

Dec 79 
Dec 80 33 5 4 

Monthly 79 56.9 (55.6) 
80 (155.4) 63.6 (41.3) 

Yearly 79 341.7 (500.4) 
80 (1865.0) 762.7 (495.3) 

Both Years (1865.0) 341.7 762.7 ( 500.4) (495.3) 
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Appendix 7. Percent of time females spent moving. 

Manatee Num6er 
Month 5 8 9 24 40 Total 

Apr - 48.0 52.4 50.7 
May n=716 n=l032 n=l748 

Jun - 43.4 40.3 22.9 30.7 
Jul n=895 n=l57 n=l651 n=2700 

Aug - 20.6 25.9 23.8 
Sep n=2119 n=l651 n=5265 

Oct - 41.4 41.1 37.8 38.9 
Nov n=268 n=610 n=2105 n=2983 
----------------------------------------------------------------------------
Apr -
Jul 

Aug -
Nov 

Apr -
Nov 

48.0 
n=716 

20.6 
n=2119 

27.6 
n=2835 

48.3 
n=l927 

41.4 
n=268 

47.5 
n=2195 

40.3 
n=l54 

40.3 
n=l54 

22.9 
n=l651 

28.3 
n=3756 

26.7 
n=5407 

37.8 
n=2105 

37.8 
n=2105 

38.6 
n=4448 

29.2 
n=8248 

32.4 
n=l2696 
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Appendix 8. Percent of time females spent cavorting . 

Manatee Number 
Month 5 8 9 24 40 Total 

Apr - 2.5 1.3 1.8 
May n=716 n=l032 n=l748 

Jun - 10.2 25.3 5.1 7.8 
Jul n=895 n=l57 n=l651 n=2700 

Aug - 34.8 7.4 18.4 
Sep n=2119 n=3146 n=5265 

Oct - 4.8 4.6 27.0 20.4 
Nov n=268 n=610 n=2105 n=2983 
----------------------------------------------------------------------------
Apr -
Jul 

Aug -
Nov 

Apr
Nov 

2.5 
n=716 

34.8 
n=2119 

26.7 
n=2835 

5.4 
n=l927 

4.8 
n=268 

5.4 
n=2195 

25.3 
n=l54 

25.3 
n=l54 

5.1 
n=l651 

7.0 
n=3756 

6.4 
n=5407 

27.0 
n=2105 

27.0 
n=2105 

5.5 
n=4448 

19.2 
n=8248 

14.5 
n=l2696 
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Appendix 9. Percent of time females spent feeding. 

Manatee Num6er 
Month 5 8 9 24 40 Total 

Apr - 23.9 6.2 13.4 
May n=716 n=l032 n=l748 

Jun - 17.1 25.3 19.6 19.1 
Jul n=895 n=l57 n=l651 n=2700 

Aug - 34.5 35.0 34.9 
Sep n=2119 n=Jl46 n=5265 

Oct - 18.7 35.3 18. 2 21.7 
Nov n=268 n=610 n=2105 n=2983 
----------------------------------------------------------------------------
Apr -
Jul 

Aug -
Nov 

Apr
Nov 

23.9 
n=716 

34.5 
n=2119 

31.8 
n=2835 

11.2 
n=l927 

18.7 
n=268 

12.1 
n=2195 

25.3 
n=l54 

25.3 
n=l54 

19.6 
n=l651 

35.1 
n=3756 

30.3 
n=5407 

18.2 
n=2105 

18.2 
n=2105 

16.8 
n=4448 

30.1 
n=8248 

25.4 
n=l2696 
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Appendix 10. Percent of time females spent resting. 

Manatee Number 
Month 5 8 9 24 40 Total 

Apr- 25.6 40.1 34.1 
May n=716 n=l032 n=l748 

Jun - 29.3 9.1 52.4 42.4 
Jul n=895 n=l57 n=l651 n=2700 

Aug - 10.1 31.7 22.9 
Sep n=2119 n=3146 n=5265 

Oct - 35.1 19.0 17.0 19.0 
Nov n=268 n=610 n=2105 n=2983 
----------------------------------------------------------------------------Apr -
Ju1 

Aug -
Nov 

Apr
Nov 

25.6 
n=716 

10.1 
n=2119 

13.9 
n=2835 

35.1 
n=1927 

35.1 
n=268 

35.0 
n=2195 

9.1 
n=154 

9.1 
n=154 

52.4 
n=1651 

29.6 
n=3756 

36.6 
n=5407 

17.0 
n=2105 

17.0 
n=2105 

39.1 
n=4448 

21.5 
n=8248 

27.7 
n=12696 
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Appendix 11. Percent of time males spent moving. Grand total column shows 
total of both males and females. 

Manatee Number 
Month 13 14 22 28 Total Grand Total 

Apr - 50.7 
May n=l748 

Jun - 52.6 45.8 37.7 46.6 41.4 
Jul n=2800 n=757 n=l778 n=5335 n=8035 

Aug - 50.4 37.6 51.9 44 34.6 
Sep n=2477 n=3115 n=530 n=6122 n=ll387 

Oct - 42.2 47.0 42.5 40.5 
Nov n=2359 n=l47 n=2506 n=5489 
----------------------------------------------------------------------------
Apr - 52.6 45.8 37.7 46.6 42.9 
Jul n=2800 n=757 n=l778 n=5335 n=9783 

Aug - 46 .4 37.9 51.9 43.6 36.6 
Nov n=4836 n=3262 n=530 n=8628 n=l6876 

----------------------------------------------------------------------------
Apr -
Nov 

48.7 
n=7636 

37.9 
n=3262 

48.4 
n=li87 

37.7 
n=l778 

44.8 38.9 
n=l3963 n=26659 
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Appendix 12. Percent of time males spent cavorting. Grand total column 
shows total of both males and females. 

Manatee Number 
Month 13 14 22 28 Total Grand Total 

Apr - 1.8 
May n=l748 

Jun - 9.0 17.6 7.0 9.6 9.0 
Jul n=2800 n=757 n=l778 n=5335 n=8035 

Aug ' - 11.2 20.3 0 14.9 16.6 
Sep n=2477 n=3115 n=530 n=6122 n=ll387 

Oct - 5.3 15.6 5.9 13.8 
Nov n=2359 n=l47 n=2506 n=5489 
----------------------------------------------------------------------------
Apr - 9.0 17.6 7.0 9.6 7.7 
Jul 11=2800 n=757 n=l778 n=5335 n=9783 

Aug - 8.3 20.2 0 12.2 15.7 
Nov n=4836 n=3262 n=530 n=8628 n=l6876 

---------------------------------------------~------------------------------

Apr -
Nov 

8.5 
n=7636 

20.2 
n=3262 

10.3 
n=1287 

7.0 
n=1778 

11.2 12.7 
n=13963 n=26659 
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Appendix 13. Percent of time males spent feeding. Grand total column shows 
total of both males and females. · 

Manatee Number 
Month 13 14 22 28 Total Grand Total 

Apr - 13.4 
May n=l748 

Jun - 12.2 6.9 28.4 16.9 17.6 
Jul n=2800 n=757 n=l778 n=5335 n=8035 

Aug - 20.1 18.2 22.2 19.2 26.4 
Sep n=2477 n;3115 n=530 · n=6122 n=ll387 

Oct - 37.9 23.8 37.1 28.7 
Nov n=2359 n=l47 n=2506 n=5489 
----------------------------------------------------------------------------
Apr - 12.2 6.9 28.4 16.9 17.0 
Jul n=2800 n=757 n=l778 n=5335 n=9783 

Aug - 28.8 18.5 22.2 24.5 27.2 
Nov n=4836 n=3262 n=530 n=8628 n=l6876 

----------------------------------------------------------------------------
Apr -
Nov 

22.7 
n=7636 

18.5 
n=3262 

13.2 
n=l287 

28.4 
n=l778 

21.5 23.4 
n=l3963 n=26659 
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Appendix 14. Percent of time males spent resting. Grand total column shows 
total of both males and females. 

Manatee Number 
Month 13 14 22 28 Total Grand Total 

Apr - 34.1 
May n=l748 

Jun - 26.3 29.7 26.9 26.9 32.0 
Jul n=2800 n=757 n=l778 n=5335 n=8035 

Aug - 18.3 23.9 25.9 21.9 22.4 
Sep n=2477 n=3115 n=530 n=6122 n=l1387 

Oct - 14.6 13.6 14.5 17 
Nov n=2359 n=l47 n=2506 n=5489 
----------------------------------------------------------------------------
Apr- 26.3 29.7 26.9 26.9 32.4 
Jul n=2800 n=757 n=l778 n=5335 n=9783 

Aug - 16.5 23.4 25.9 19.7 20.5 
Nov n=4836 n=3262 n=530 n=8628 n=l6876 

----------------------------------------------------------------------------
Apr -
Nov 

20.1 
n=7636 

23.4 
n=3262 

28.1 
n=l287 

26.9 
n=l778 

22.5 25.0 
n=l3963 n=26659 
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