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I. Introduction

The Florida manatee, Trichechus manatus latirostris, and the other members of the order

Sirenia form a unique group of animals.  The four Sirenian species are the only herbivorous

marine mammals.  Because of their ecology and physiology, the Florida subspecies is only found

in a specific range of environmental conditions, which are also popular with humans, often

resulting in direct conflict between humans and manatees.  Manatees are large, long-lived

animals and have low potential rates of population increase.  This, together with the manatee’s

limited range, and frequent negative interactions with humans led to the species being federally

listed as endangered in 1967 (U.S. Fish and Wildlife Service 2001).

i. Manatee Distribution, Physiology, and Ecology

Manatees have an extremely low metabolic rate and high thermal conductance (Irvine

1983).  The thermal biology of manatees limits their distribution in the United States.  In

summer, the species is found as far north as Virginia and as far west as Louisiana, though most

are distributed in Georgia and Florida (Reynolds and Odell 1991 and Van Meter 1989).

Energetic costs to manatees increase in waters colder than 70 °F.  Thus, manatees are restricted

to Florida in winter months (Reeves et al 1992).

In winter, Florida water temperatures can often drop below the lower critical temperature

of manatees.  Manatees must seek refuge in areas of warm-water provided by natural and

artificial warm-water sources, or stay in southern Florida where water temperatures are usually
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above this minimum temperature (Ackerman et al 1995).  Florida’s springs provide natural

warm-water refuges.  Artificial warm-water sources include industrial effluents from power

plants and paper mills (Reid et al 1991).  Manatees form large aggregations around these warm-

water areas in winter.  There are about 25 winter aggregation sites used by manatees in Florida

(U.S. Fish and Wildlife Service 2001).

Because manatees are herbivores and eat low quality food, they must spend a large

portion of their day eating (Bengtson 1983).  Manatees eat a wide array of fresh and salt-water

plants in all levels of the water column, though they prefer bottom vegetation (Hartman 1979).

Manatees prefer shallow water (1.2 to 3 m in depth) in a wide range of marine environments.

Even in deep water, manatees prefer to stay at depths between 1 and 3 m (Hartman 1979).

Feeding manatees must come up for a breath about every 4 minutes (Reeves et al. 1992),

although a large, resting manatee can stay underwater for up to twenty minutes between breaths

(Reynolds and Odell 1991).  Manatees are slow-moving animals.  They usually travel between 2-

7 km/hr, although they can travel up to 18-25 km/hr in short bursts (Hartman 1979).

ii. Human Impacts

Many human activities, including coastal development, construction of navigation

channels, dredging, and boating activities, have an adverse impact on manatees (Reynolds and

Odell 1991).  Human population growth and development has resulted in increased water use,

changes in the distribution and timing of flow, and deterioration of water quality (Marella 1998),

thus reducing the usefullness of manatee habitat.   Residential and tourist boating activity has

also resulted in direct mortality of manatees.  All of these activities have contributed to the

manatee’s status as one of the most endangered marine mammals in the United States (U. S. Fish

and Wildlife Service 1995).ates (
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The human population of Florida has grown by 246 percent since 1970, from 6.8 million

to 16.7 million residents, and is expected to exceed 18 million by 2010  (U.S. Census Bureau

2003).  Ninety-five percent of the population of Florida lives and works within 35 miles of

coastal areas (Fiedler et al 2001).  Visitation to Florida has also increased dramatically.  The state

had 48.7 million visitors in 1998 (68 Fed. Reg. 16601-16641).  Such rapid residential growth and

increased tourist visitation of Florida places great pressure on coastal areas and fresh water

sources, leading to negative impacts for manatees.

            Strikes from watercraft pose the greatest human-related threat to manatees.  Deaths from

watercraft have increased disproportionately to the total increase in all manatee mortality since

1976 (Ackerman et al 1995).  The last 5 years have been record years for the number of

watercraft-related mortalities (FWCC 2003a).  Because the manatee has a low reproductive rate,

a decrease in adult survivorship due to watercraft collisions will likely cause a population decline

(O’Shea et al 1985).  As the population of Florida has increased, so have the number of

registered vessels in the state.  The number of vessels has increased 59% since 1993 and is

currently approaching one million.  Additionally, between 300,000 and 400,000 boats registered

in other states are used in Florida waters each year. (68 Fed. Reg. 16601-16641).  Because

manatees prefer shallow water, are slow swimmers, and must surface to breathe often (Hartman

1979), they are particularly susceptible to strikes from speeding vessels.

             Harassment of manatees by swimmers and divers who interact too closely with the

animals has also been a problem for Florida manatees (Reynolds and Odell 1991).  Harassment

can cause manatees to leave preferred habitat such as warm-water refuges or can lead to the

separation of a mother and calf.  There have been many incidents of manatee harassment at

warm-water refuges (Shackely 1990, cited in Orams 1993).  A major ecotourist industry based
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on “swimming with manatees” has developed in areas of large winter aggregations of manatees

where manatees are predictable.  As the popularity of swimming with manatees increases, so

does the amount of harassment the animals have to endure.

iii.  Federal and State Protections

          Manatees have been protected from being killed or mistreated in the state of Florida since

1893 (Ch.4208.94).  They received federal protection in 1967 when they were one of the first

species to be listed as endangered under the Endangered Species Preservation Act of 1966.

Manatees gained additional protections with the passage of the 1973 Endangered Species Act

(U.S. Fish and Wildlife Service 2001).  Manatees are also federally protected under the Marine

Mammal Protection Act of 1972.  Both Acts prohibit the taking of manatees which includes

harassing, hunting, capturing, or killing animals (Bean and Rowland 1997).  Harassment is

defined by the Endangered Species Act as an act which “creates the likelihood of injury to

wildlife by annoying it to such an extent as to significantly disrupt normal behavioral patterns

which include, but are not limited to, breeding, feeding, or sheltering” (Bean and Rowland

1997).  The definition of harassment under the Marine Mammal Protection Act is similar, though

more detailed (Bean and Rowland 1997).

           The third Revision of the Florida Manatee Recovery Plan (U.S. Fish and Wildlife Service

2001) identifies the need to minimize disturbance and harassment of manatees in the wild and

recommended manatee protection areas as a solution.  The plan also recommends the periodic

assessment of the need for fewer or additional manatee protection areas.  The Marine Mammal

Commission also supports their use (Marine Mammal Commission 1999).  The U.S. Fish and

Wildlife Service is authorized to establish manatee protection areas (50 CFR 17.103).  A

manatee protection area is either a manatee refuge or sanctuary.  All waterborne activity is
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prohibited within a manatee sanctuary.  Some waterborne activities are prohibited in a manatee

refuge while others are allowed.  Those that are allowed must be specified and may be subject to

some restrictions.   Manatee protection areas may be permanent or seasonal (50 CFR 17.103).

Boat speed limits are the most commonly used tool to reduce the risk of watercraft

related injuries to manatees.  In 1978, the Florida Manatee Sanctuary Act was passed in Florida.

It declared the entire state as a sanctuary for manatees and prohibits their taking.  Under the Act,

The Florida Fish and Wildlife Conservation Commission regulates boat speeds in 13 key

manatee aggregation areas, including Kings Bay (370.12(2g) F.S).  The state establishes speed

zones in areas where manatees occur frequently and a serious threat to manatees exists.  A

serious threat to manatees exists if, due to the nature or frequency of known boating activity in

relation to manatee use in the area, the provision for higher speed corridors or unregulated areas

will more likely than not result in death or injury to manatees within these areas.  The state must

also take into consideration the rights of boaters, fishermen, and waterskiers when establishing

boat speed limits for manatees (68C-22.001 F.A.C)

iv. Study Area

            Kings Bay is adjacent to the town of Crystal River, in Citrus County, on Florida’s west

coast (Figure 1).  The Bay is approximately 2 km long x 1 km wide and 165 hectares in area.

The Bay forms the headwaters of the Crystal River, which flows into the Gulf of Mexico 11 km

to the northwest (Hartman 1979, Kochman et al 1985).  Submerged vegetation is abundant in the

Bay (Hartman 1979).  The Bay is generally shallow (1-3 m), with springs reaching greater depths

(5-20 m).  Kings Bay contains hundreds of springs, about thirty of which are of significant size,

although only several large ones account for most of the discharge.  The Main Spring, located

near the southern edge of Banana Island, is the largest source of warm water and principle site of
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manatee aggregations in the Bay (Figure 2)(Hartman 1979).  Water temperatures at the springs

are a constant 23-24 °C year-round.  These may be up to 7 °C warmer than surrounding Bay

waters on very cold winter days (Hartman 1979, Rosenau et al 1977).

Kings Bay contains the largest winter aggregation of manatees at a natural warm-water

source (Hartman 1979).  The highest single day count for manatees in Kings Bay was 301

manatees; this occurred in November 2000 (U. S. Fish and Wildlife Service, unpublished data).

This is almost 10% of the minimum manatee population for the entire state of Florida for that

winter (McDonald and Ackerman 2003).  Many of the manatees using Kings Bay return each

winter (Powell and Rathbun 1984).  The number of manatees using Kings Bay has increased

steadily since the 1960s (Ackerman et al. 1995).  This steady increase may be due to increases in

births, reduced suitability of habitat in other areas of the Gulf coast, an increase in food supply in

Kings Bay, and new travel routes to Kings Bay created by dredging of canals (Hartman 1979,

Powell and Rathbun 1984).  Animals may be further attracted to these areas because of local

manatee protection areas (68 Fed. Reg. 16601-16641).  The U. S. Fish and Wildlife Service

listed Kings Bay as critical manatee habitat in 1976 because of the numbers of manatees this area

supports (41 Fed. Reg. 41914-41916).

v. Kings Bay Manatee Protections

         Nationwide publicity about the manatee attracts an increasing number of people (boaters,

recreational divers, snorkelers, and swimmers) to refuges, such as Kings Bay, each winter to seek

out and interact with the animals (Buckingham et al 1999).  The influx of visitors, primarily there

to see and interact with manatees, provides a major economic benefit to the Crystal River

community.  Kings Bay received over 90,000 recorded visitors last year (Shawn Gillette,

Chassahowitzka National Wildlife Refuge Complex, personal communication), and the density
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of divers can exceed 0.1 per square meter during the height of manatee season (Shackely 1990,

cited in Orams 1993).  The number of visitors has lead to documented cases of harassment.

Most manatees wintering in the Bay do not tolerate close human contact, and leave the warmer

spring waters when humans approach too closely (57 Fed. Reg. 5988-5991).

Kings Bay currently contains seven manatee sanctuaries.  The U. S. Fish and Wildlife

Service recognized the need to minimize disturbance and harassment of manatees in Kings Bay

and established the first three manatee sanctuaries in the Bay in 1980.  The sanctuaries were

established near major springs to provide manatees with warm-water areas where they could

escape human activity.  These original sanctuaries included the current Sunset Shores sanctuary

(2.27 hectares), the eastern half of the existing Magnolia Springs sanctuary (0.69 hectares), and

the upper half of the present southern Banana Island sanctuary (1.38 hectares) (Figure 3).  Their

combined area was about 4.45 hectares (45 Fed. Reg. 74880-74882, 59 Fed.Reg. 24654-24658,

62 Fed. Reg. 63036-63038, Buckingham et al 1999).  The sanctuaries at Magnolia Springs and

Banana Island were established to protect important sources of warm water, while the Sunset

Shore sanctuary was established as a feeding and resting area (57 Fed. Reg. 5988-5991).

In 1994, the U. S. Fish and Wildlife Service created three more sanctuaries and

augmented the Magnolia Springs sanctuary (an addition of 0.61 hectares for a total of 1.30

hectares) and southern Banana Island sanctuary (an addition of 1.42 hectares for a total of 2.80

hectares), producing their present shapes (Figure 3).  These additions increased protections of the

Bay’s key sources of warm water (57 Fed. Reg. 5988-5991).  The three new locations included

the area to the north and west of Buzzard Island (8.46 hectares), the north side of Banana Island

(1.90 hectares), and the north side of Warden Key (1.98 hectares)(Figure 3).  This brought the

total sanctuary area to 15.78 hectares.  Both the Warden Key and Buzzard Island sanctuaries
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were created primarily to protect important feeding areas.  The north Banana Island sanctuary

contains Tarpon Spring and was intended as a warm water, feeding, and resting area (57 Fed.

Reg. 5988-5991, 62 Fed. Reg. 63036-6308). The need for these additional manatee sanctuaries

arose as the number of both manatees and divers in Kings Bay increased steadily; the

establishment of new sanctuaries was the result of a study conducted by University of Florida

graduate student Cheryl Buckingham (62 Fed. Reg. 63036-63038, Buckingham et al 1999).

Finally, the seventh sanctuary was created in 1998 near the Three Sisters Springs (0.08

hectares)(Figure 3) as a response to concern over manatee harassment in the area (62 Fed. Reg.

63036-63038).  All seven sanctuaries are closed to all human access each winter from November

15 to March 31(62 Fed. Reg. 63036-63038).  The Service established the Crystal River National

Wildlife Refuge in 1983 specifically to protect manatees.  The refuge includes several islands

associated with the sanctuaries (62 Fed. Reg. 63036-63038, Buckingham et al 1999).

The state has established four different speed zones in Kings Bay (Figure 2).  The main

portion of the upper half of the Bay  (north of a line drawn along the southern end of Buzzard

Island) is a slow speed zone from September 1- April 30 and 35 mph during the day and 25 mph

during the night for the remainder of year.  The portion of Crystal River leaving the bay is 25

mph in the central corridor, and slow speed outside of the corridor.   A triangle of area to the

south of Buzzard Island, north of Warden Key, and west of Banana Island is an idle speed zone

from September 1- April 30 and 35 mph during the day and 25 mph during the night for the

remainder of year.  All other parts of Kings Bay are idle speed all year (68C-22.011 F.A.C).

           “Idle speed” is defined by the state as the minimum speed that will maintain the steerage

of a motorboat; the boats must have no wake.  The state defines “Slow speed” as the speed at

which a watercraft proceeds when it is fully off plane and completely settled in the water.
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Watercraft must not be operated at a speed that creates an excessive wake. Due to the different

speeds at which watercraft of different sizes and configurations may travel while in compliance

with this definition, no specific speed is assigned to slow speed.  Boats are required to go no

faster than 25 mph or 35 mph in “maximum 25 mph” and “maximum 35 mph” zones,

respectively.  If travel at these speeds is unsafe for either the boat operator or other vessels, or

endangers natural resources, the boat operator must reduce his speed below the posted maximum

speed (68C-22.002 F.A.C.).

vi. Objective

          The objective of this study was to understand winter distributional patterns of manatees in

Kings Bay and use this information to determine whether existing manatee sanctuaries and speed

zones are appropriate or need to be modified.  This information will aid the management

decisions of the State and Federal agencies responsible for protecting the species in this area vital

to manatees.

II. Methodology

i. Aerial Surveys

            Winter manatee counts in the Crystal River area from dedicated aerial surveys have been

made at varying frequencies every year since 1967.  Since 1986, biologists with the US Fish and

Wildlife Service have conducted these surveys on a weekly basis from November 15 through

March 1, and on a semimonthly schedule during the month of March and from September 1

through November 15.  Summer surveys are conducted monthly every third year for the months

of April through August.  Only one survey each summer is made in the two intermediate years.

The specific day of the weekly winter survey is usually dictated by the arrival of cold weather



10

fronts.  Each winter survey counts manatees in important water bodies (warm-water refugia and

proximal food sources), including Kings Bay, from the Crystal River power plant in the north to

the Chassahowitzka River in the south.

           Surveys are usually conducted in mid-morning, although survey conditions can affect the

timing.  The same route is flown for each survey and the area is circled until the observer is

confident that all manatees have been counted.  Each flight consists of a pilot and at least one

expert observer.  The observer counts all manatee adults and calves seen in each water body and

records their numbers and locations on paper survey maps overlaid with a grid scaled to 60 x 60

m.  If there is an aggregation of manatees in the same area, all are considered to be in the same

location, and the total number is recorded for that location.  Environmental data associated with

the survey including water temperature, air temperature, tidal state, water clarity, and water

surface state are also recorded.  Surveys are conducted from a fixed-wing Cessna 172 aircraft

with a flight speed of 157 to 182 km/hour at an altitude between 152 and 305 meters.

ii. GIS analysis

         This summer (June-August 2002) I made electronic versions of the manatee locations noted

on the paper aerial survey maps using the ArcView 3.2 GIS program (ESRI 1993-1999).  Each

manatee location was digitized as a point shapefile in the Albers equal-area conic projection for

each survey date.  An attribute table containing the environmental and biological data associated

with each survey was linked with each survey’s shapefile.  I worked backwards, starting with the

most recent survey flown (07 July 2002) and ending with the survey on 25 November 1997.

This was the oldest survey I was able to complete due to time constraints.  I included 111

surveys, which contain 5110 manatee location entries for the entire survey area.  Of these, 3163

entries are for Kings Bay.
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          To analyze these data, I acquired several GIS files from the Florida Geographic Data

Library (FGDL Version 3.0), including a file indicating Florida manatee boat speed zones, and

Florida Department of Transportation aerial photographs of Kings Bay to use as a reference

background.  Additional files showing state and county boundaries were also downloaded from

the FGDL to make reference maps.  I acquired a shapefile of the manatee sanctuaries in Kings

Bay from Linda White of the U.S. Fish and Wildlife Service.  This file was in a geographic

projection and had no attributes associated with it, so I re-projected it using ArcToolbox (ESRI

1999-2001) so that it would match the survey data and FGDL files (projection: Albers equal-area

conic, geographic coordinate system: GCS North American HARN, datum: North American

1983).  I edited the borders of the sanctuaries in ArcMap 8.1 (ESRI 1999-2001) to make them

more accurately represent the shape of the sanctuaries.  Finally, I created a point shapefile of the

major springs of Kings Bay based on Rosenau et al (1977) and Hartman (1979) using ArcView

3.2 (ESRI 1993-1999).

Before running any analyses, I viewed all of these files to familiarize myself with the

data.  I combined all surveys using the merge function of the GeoProcessing wizard in ArcMap

8.1 (ESRI 1999-2001).  I then selected out only those manatees located in Kings Bay and Crystal

River from the merged file and created a new file from this selection, using ArcView 3.2 (ESRI

1993-1999), to make the data more manageable.  I clipped this file by the sanctuary file using the

GeoProcessing Wizard in ArcMap 8.1 (ESRI 1999-2001) to select manatees that were using each

sanctuary.  I selected only data from the dates in which the sanctuaries were in effect (November

15-March 31).  I also separated the data from Kings Bay and Crystal River by the manatee speed

zone in which each manatee was located.  I used attribute data accompanying these two

selections to find the total number of manatees, as well as numbers of calves, in each sanctuary
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or speed zone per area of sanctuary or speed zone.  I used these calculations to make

recommendations for future actions relating to the existing sanctuaries and speed zones.  I found

the area of each sanctuary using ArcMap 8.1’s  (ESRI 1999-2001) 3D Analyst extension.  The

area of each speed zone was included as an attribute of the speed zone file.

As manatee use of portions of the slow speed zone was high, I chose to split the current

speed zone in two based on manatee densities.  Only areas with high concentrations of manatees

adjacent to existing idle speed areas were selected for a potential new speed zone, to make any

new regulations the least confusing and onerous to Bay users.  To create these new speed zones,

I first made a file of the slow speed area by selecting out the slow speed zone from the entire

speed zone file.  I then edited the slow speed zone file in ArcView 3.2 (ESRI 1993-1999),

drawing a line through the zone and separating it in half based on the above considerations.  I

then clipped the Kings Bay manatee file by the two new speed zone areas I had just created.  Arc

automatically calculated the areas of the new speed zones based on the original area of the slow

speed zone.  I used these values and the attributes of the clipped manatee location files to

calculate the total number of manatees and number of manatee calves per area of the two new

speed zones.

I determined the areas of King’s Bay most frequented by manatees by running a density

analysis on the “total number of manatees” attribute of the combined Kings Bay manatee

locations file using ArcMap 8.1’s (ESRI 1999-2001) Spatial Analyst extension.  I used a kernel

with a search radius of 120 square meters and a cell size of two.  From the resulting density file, I

chose areas between one and two standard deviations above the mean manatee density to be

considered areas of medium manatee density and areas above two standard deviations from the
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mean to be areas of high manatee density.  I made these a separate file indicating areas important

to manatees.

         I looked for associations between springs and manatee density as well as locations of

manatee sanctuaries and manatee density.  I then used the raster calculator in Spatial Analyst to

find areas of high manatee density that were not included in any of the existing manatee

sanctuaries.  Using the editor in ArcMap 8.1 (ESRI 1999-2001), I selected portions of these

remaining areas as areas that would be the best places for new sanctuaries based on ease of

sanctuary set up, proximity to major springs, and minimization of disruptions to Bay users.  I

then found the area of each proposed sanctuary using ArcMap 8.1’s (ESRI 1999-2001) 3D

Analyst extension.  I then compared my recommended manatee sanctuary locations to public

suggestions relating to improvements to manatee sanctuaries in Kings Bay, which resulted from

a request for comment by the U.S. Fish and Wildlife Service last November (67 Fed. Reg.

68490-68491).

III. Results

           Manatees are found throughout Kings Bay in the winter, although some portions of the

Bay are used more than others (Figures 4, 5).  The Magnolia Springs area, the Three Sisters

Springs area, and the waters between Banana Island and Sunset Shores have the highest manatee

use.  The largest aggregations occur near the main spring, where over 100 manatees have been

seen in one location.  Areas where the highest densities of manatees occur are consistent across

each of the five years.  Manatees begin using the Bay in large numbers in November and

disperse from the Bay in April.  In winter, manatees concentrate in the southern and eastern

portions of the Bay, aggregating near important springs in the largest numbers during the coldest

months.
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Manatee usage of the Magnolia Springs sanctuary, south Banana Island sanctuary, and

Three Sisters Springs sanctuary is quite high in comparison with the four other sanctuaries

(Figure 6).  The north Banana Island sanctuary, Buzzard Island sanctuary, and Warden Key

sanctuary have low numbers of manatees.  The number of calves accompanying adults is a little

greater than ten percent of the number of adults for each sanctuary.

Based on my analyses, I have identified four areas as potential sites for new sanctuaries

(Figure 7).  Two would be additions to existing sanctuaries: Magnolia Springs and south Banana

Island.  The other two would be in totally new locations, but both are intended to protect

manatees using the Three Sisters Springs area.  The addition to the south Banana Island

sanctuary would add 1.75 hectares to the sanctuary.  The addition to the Magnolia Springs

sanctuary would add 0.34 hectares to the sanctuary.  New Sanctuary # 3, located along the shore

just east of existing sanctuary at Three Sisters Springs, would only have an area of 0.06 hectares.

New Sanctuary # 4, located in the residential canal just south of Three Sisters Springs would

total 0.18 hectares.

Manatee numbers are high in the idle speed zone, moderate in the “slow speed September

1- April 30, 35 mph day and 25 mph night remainder of year” and “idle speed September 1-

April 30, 35 mph day and 25 mph night remainder of year” zones, and low in the “25 mph in

central corridor, slow speed outside” zone (Figures 2, 8).  Once the “slow speed September 1-

April 30, 35 mph day and 25 mph night remainder of year” zone was divided based on manatee

densities, one of the portions had a manatee concentration higher than that of the “idle speed

September 1- April 30, 35 mph day and 25 mph night remainder of year” zone, while the other

portion contained a moderate to low proportion of manatees (Figure 9).



15

IV. Discussion

          The spatial distribution of manatees in Kings Bay during winter months appears to be

influenced by several factors.  High manatee concentrations relate to the presence of important

springs and manatee sanctuaries (Figures 3, 5).  Areas with moderate numbers of manatees

(Figure 5) do not appear to be linked to the presence of springs or sanctuaries.  The largest winter

aggregations form in the warm-water area around the Main Spring and smaller concentrations

occur at Magnolia Spring.  This latter aggregation may be caused by human disturbance at the

Main Spring (Hartman 1979).  Smaller numbers of manatees also take advantage of the warm-

water from Three Sisters Springs.  The lower use of the north Banana Island sanctuary may be

related to the fact that the Tarpon Spring is small and has a limited discharge.  Other springs are

located in narrow or shallow areas which are difficult to access; manatees generally avoid such

conditions, particularly when humans are present (Hartman 1979, Kochman et al 1985).  It

appears that manatee distribution may also be related to the distribution and concentrations of

vegetation in the Bay (Hartman 1979).  Behavioral tradition may also play a role in manatee

distribution (Kochman et al 1985).

            Kings Bay’s first recorded perinatal deaths since 1992 have occurred recently: one in

January 2000 and one in February 2001 (FWCC 2000, 2003a).  Prior to 1992, seven perinatal

deaths had occurred in the late 1970s and 1980s (FWCC 2000), before some or all of the current

sanctuaries had been created.  Perinatal deaths are those of manatees less than 150 cm in total

length which were not determined to have died due to human-related causes (FWCC 2003b).

Some are aborted fetuses; others are stillborn or die of natural causes within a few days of birth.

While the cause of many perinatal deaths is difficult to determine, human-related factors

affecting pregnant and nursing mothers, including disturbance, may be responsible for a
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significant number of perinatal deaths (U.S. Fish and Wildlife Service 2001).  Not only are loses

of calves troubling, but these calves may have died as a result of diver harassment disturbing

pregnant or nursing manatees.  It would be difficult to definitively determine the causes of such

deaths as being from harassment, but it is certainly a plausible explanation with the recent

increases in annual winter visitors to Bay.

           In order to reduce the likelihood of any perinatal deaths related to diver harassment, I

would recommend the addition of four manatees sanctuaries located in areas important to

manatees such as large warm-water springs (Figure 7).  Three of the proposed sanctuaries are all

either near existing sanctuaries or to the side of the main travel route along undeveloped land.

These areas should cause little additional disruption to Bay users.  The sanctuary located in the

residential canal (New Sanctuary # 4) would cut off access to the canal for non-residents.  This

should reduce the traffic in front of these residents’ homes.  Residential access to homes along

the canal would not be affected if this sanctuary were to be created.

Additionally, I would recommend removal of all or a portion of the Warden Key

sanctuary.  Since manatees seem equally distributed throughout this sanctuary, I would choose to

eliminate the entire sanctuary rather than a part because the remaining portion would not be any

more important to them than the original sanctuary would be.  If the sanctuary is removed, it

should be replaced by some or all of my recommended sanctuaries so that protections for

manatees in the Bay are not reduced.  I would also recommend removing the portion of the

western edge of the Buzzard Island sanctuary which manatees use infrequently.  These

reductions in area are about comparable to the additional areas required for the new sanctuaries.

My recommendations are in agreement with some of the comments submitted in response

to the request from the Fish and Wildlife Service.  Most people felt that the current Three Sisters
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Springs sanctuary should be expanded or modified to better protect the manatee.  The intent of

my two New Sanctuaries is to provide additional protection to manatees visiting the Three

Sisters Springs area, so these coincide well with public recommendations.  Members of the

public also noted that the southeastern portion of the south Banana Island sanctuary should be

extended.  The main increase in my addition to the south Banana Island sanctuary is in the

southwestern area of the sanctuary, but part of my new addition does involve some expansion of

the southeastern portion of the sanctuary.  Commentators also observed that the Warden Key

sanctuary was only infrequently used and recommended removal or modification of this

sanctuary and possibly adding a sanctuary to the south side of the island.  This is similar to my

recommendation, although I did not see a higher use of the south side of the island by manatees,

which is why I did not suggest moving the sanctuary to that area.  No comments were made

regarding the Magnolia Springs sanctuary or Buzzard Island sanctuary.

           It is possible that there is temporal variation in use of sanctuaries depending on the

function of their primary use (i.e. feeding or keeping warm).  Most of the surveys were

conducted between 8:30 and 10:00 am, so this could bias use patterns towards those sanctuaries

that are used most often in the mid-morning.  It does not appear that this is likely be a major

problem, however, as Hartman (1979) found that manatees exhibited no general pattern to daily

activities.  Additionally, I found that use of the sanctuaries either slowly decreased or remained

constant over time.  There is no indication that any of the sanctuaries were used more as the day

progressed.   

          In each of the winters of 1999, 2000 and 2003, a juvenile manatee was killed by watercraft

in Kings Bay (FWCC 2003a).  These are the first recorded instances of watercraft-related

mortality of Kings Bay manatees since 1990 (FWCC 2000).  Manatee protection measures in the
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Bay may have decreased in effectiveness as the Bay’s winter population of manatees has

increased.  To reduce the likelihood of deaths from boat strikes, I recommend that a portion of

the current “slow speed September 1- April 30, 35 mph day and 25 mph night remainder of year”

zone be changed to “idle speed September 1- April 30, 35 mph day and 25 mph night remainder

of year” (Figure  10).  There are not a sufficient number of summer surveys to determine whether

manatee distribution warrants making the zone idle speed year-round.  This new idle speed zone

would extend the protections of the current idle speed zones northward and westward.

V. Recommendations for Future Research

            Due to the paucity of summer surveys, I was not able to make any recommendations

about manatee protection during this season.  Historically, manatees did not use the Bay in large

numbers in summer, but recently this has changed (Kochman et al 1985, U. S. Fish and Wildlife

Service, unpublished data).  Two of speed zones on the Bay are only seasonal, so some concern

has been raised that this increasing summer population of manatees might be at risk from being

hit by fast-moving boats.  Last summer, two manatees (one adult and one juvenile) were killed

by watercraft in Kings Bay (FWCC 2003a).  These are the first two summer manatee deaths in

the Bay confirmed to be caused by boat strikes.  These incidents suggest that additional manatee

protections may now be required in the summer months.  As there is currently only limited

information about summer manatee numbers and distributions, I would recommend increasing

the monthly summer surveys to a yearly schedule to provide data from which to make informed

decisions about summer season protections.  It would be useful to find out whether manatees use

the higher speed areas in significant numbers.  The limited amount of summer data I have

suggests that this may be the case.  Other possible explanations for increases in manatee

mortality are greater numbers of people using the bay or low boater compliance with regulations.
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           Additionally, when the older aerial survey data have been entered into the GIS, the entire

dataset should be analyzed to look for a change in manatee use of sanctuary areas over time.  It

would be useful see if manatees increased their usage of particular areas after they were

designated as manatee sanctuaries and how long this took.  To better understand the relationship

between boating activity on the Bay and manatee distribution, it would be helpful to note the

presence and size of watercraft during the aerial surveys in addition to manatee locations.
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             Figure 1.  Location of Kings Bay relative to the state of Florida.
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Figure 2.  Manatee speed zones of Kings Bay.  The major springs of the Bay are also shown.
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Figure 3.  Locations of existing manatee sanctuaries in Kings Bay.
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Figure 4.  All manatee locations in Kings Bay from 25 November 1997 through 07 July 2002
from a total of 111 surveys.  Numbers of manatees in a location are indicated by the size of the
symbol used.
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Figure 5.  Areas of Kings Bay with medium (1-2 standard deviations from the mean) or high
(greater than 2 standard deviations from the mean) manatee densities.  The major springs of the
Bay are also shown.
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Figure 6.  Annual manatee usage of existing sanctuaries (shown as number of manatees seen
during surveys per sanctuary hectare per year).
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Figure 7.  Locations of proposed sanctuaries.  The smallest three sanctuaries are each less than 1
hectare in area; the addition to the south Banana Island sanctuary is 1.75 hectares.  The major
springs of the Bay are also shown.
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Figure 8.  Number of manatees per hectare found in each of the four existing speed zones of
Kings Bay for the combined data from five years of aerial surveys.
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Figure 9.  Number of manatees per hectare found in the two proposed speed zones of Kings Bay
from five years of combined data from aerial surveys.


