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EDITORIAL: BAD NEWS OR GOOD?

Several significant developments for Florida manatees have occurred since our last
issue. One is the publication of the workshop volume on manatee population biology edited by
Tom O’Shea, Bruce Ackerman, and Franklin Percival (see Recent Literature, below). The
upshot of the two decades of painstaking work summarized in this impressive compilation is

-that Florida manatees actually seem to have increased in numbers since protective efforts were
begun. At the end of the volume, O’Shea and Ackerman conclude that "the increases in
numbers of manaiees counted in aggregation areas in winter reflected an increase in the Florida
population from the 1970’s through the 1980’s .... We are uncertain whether such a trend
continued in the 1990°s." Furthermore, "Reproduction parameters revealed by studies
presented in these proceedings ... indicated the potential for more rapid growth than previously
recognized": as high as 7% per year at Crystal River. "This higher potential for population
growth makes the probability of true population growth in other areas during the 1970°s and
1980’s more plausibie than previously thought...."

These conclusions were promptly underlined by the results of two statewide aerial
surveys conducted by the Florida Department of Environmental Protection after cold fronts in
January and February 1996: total counts of 2,274 and 2,639 manatees, respectively. These
numbers are dramatically higher than the previous high count of 1,856, made in 1992; and as
minimum estimates of actual manatee abundance, they show that the true population size is
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closer to 3,000 than to the figure of 2,000 routinely quoted in recent years. Although survey
coordinator Bruce Ackerman noted in a press release that weather conditions nearly perfect for
counting manatees accounted in part for this result, the evidence for a growing manatee
population seems to be mounting.

What are we to make of this? Is the manatee population on the road to recovery and
removal from the endangered species list? Have all the protective regulations had their desired
effect, so that no further constraints on boaters or developers are needed? If manatee numbers
have grown along with human numbers in Florida, does that not show that human population
growth is harmless to wildlife, maybe even beneficial? Was the whole uproar over the
supposed plight of the manatee in fact just an environmentalist hoax to begin with? Or (to put a
more charitable face on it) is this a demonstration of the self-correcting nature of science in the
light of new data?

Before jumping to any of these conclusions, we should read more of what O’Shea and
Ackerman had to say: "Possible increases in manatee population size since the mid-1970°s may
be attributable to intensified conservation. However, the threats to manatee survival and
habitat loss have accelerated and are expected to imcrease. A turning point may soon be
reached, if it has not already. This contention is supported by the possibility that upward
trends in counts at power plants in winter may have diminished in the late 1980’s and early
1990°s ...; by the lack of a notable increase of counts and a higher number of deaths in
southwestern Florida ...; by the high number of recovered carcasses in 1994 [plus a still higher
number in 1995 and a disastrous start to 1996 - see other news in this issue]; and by increased
numbers of boats and the more complex technology of high-speed boating.... Because of the
lack of accuracy and precision in estimates of population size, the size of the Florida manatee
population could decrease even while counts may seem to increase or be stable.... Given that
negative effects on manatee populations will continue to increase with burgeoning human
populations in Florida and that decreases in adult mortality can result in growth and long-term
persistence of Florida manatee populations ..., no prudent alternatives exist to maintaining
proactive, vigorous management aimed at mortality reduction.”

In short, the catch is that even if the manatee population has grown under the protection
it has received, we are rapidly approaching the limits of the protective measures now
envisioned. The legally-mandated Manatee Protection Plans are already in place in at least four
of the 13 Florida counties considered critical for manatee protection, and further tightening of
regulation beyond what is in these plans is likely to be strenuously opposed. Meanwhile, the
numbers of humans, boats, and new developments continue to grow without limit. An
aggressive manatee-protection campaign has bought the population valuable time, but the
onslaught of demography will soon throw the manatee and its allies back on the defensive,
facing ever-grimmer odds. The population recruitment suggested by the latest synoptic surveys
may still prove to have been no more than reinforcements thrown into a losing battle.

The shape of this battle is already evident to those who read the published evidence
more closely. O’Shea and Ackerman cite "data ... that suggest substantial population growth
from internal recruitment at the Crystal River and at Blue Spring and slower growth or
stability on the Atlantic Coast...." These preliminary results show, in other words, that
manatees have increased in precisely those areas where they are most strictly protected, but
may have been unable to do so where boating activity and boat-caused mortality are heaviest.
What we see here, in fact, is an inadvertent experiment to determine what level of human
harassment manatee populations can tolerate. The results neatly demonstrate both their ability
to flourish, given reasonable protection, and (more realistically) their likely inability to survive
much longer, as the worst that Florida is presently throwing at them worsens still further.

This was not, however, the message that was reaching the public in the wake of the
1996 synoptic surveys. As manatee researchers anticipated when the State of Florida began
these surveys several years ago, they are two-edged weapons. While it is always useful to have
minimum counts to piug into population models, the danger is that these minimum counts will
be taken as actual estimates of population size, and growth in these numbers will be
misinterpreted as actual growth in population. They are in fact being misinterpreted this way in
. the Florida press, by boating advocates and others, and some have even begun to call for
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downlisting of the Florida manatee to a less endangered status.

The issue of downlisting should, in principle, be easy to dismiss. The revised Florida
Manatee Recovery Plan (1996 version, due to be published in a few weeks) states that
"downlisting should be considered when ... the population is growing or stable, when
mortality factors are controlled at acceptable levels or are decreasing, and when critical
habitats are secure and threats to them are controlled or decreasing." Of these three criteria, it.
is obvious that the latter two are not likely to be met in the foreseeable future: human-caused
mortality continues to rise, and the threats of human population growth and development
pressures are anything but "controlled or decreasing.” In practice, however, only the first
criterion readily registers in the public consciousness, where higher manatee counts necessarily
mean a recovering population.

Sometimes, however, one problem is solved by another; and the misleading press
coverage of the January and February surveys was fortuitously swept from the headlines by the
disastrous manatee dieoff in March. For the moment, this antidote of well-founded alarm
seems to have taken effect, but spells of complacency are bound to recur. When they do - and
whenever any of us has occasion to communicate with the public or the mass media on these
issues - we need to emphasize as strongly as possible the following points:

1. The statewide synoptic surveys provide only-minimum counts, not estimates of the total
population; they are extremely sensitive to weather conditions and cannot be
compared statistically with each other or with estimates derived from other
techniques.

2. While it is possible that the total manatee population in Florida has increased, it is
more certain (and more significant) that increases have occurred in precisely those
areas where manatees are best protected, while in areas of lesser protection there has
been little or no increase (and none that is likely to be sustained).

3. We can take no comfort in any numerical increases that have been achieved, because
the protective measures that made them possible are approaching the limits of
political acceptability, while the threats to manatees only increase and can be
expected to wipe out the recent gains. For this reason, no talk of downlisting the
Florida manatee is even remotely justified. ,

4. The manatee population is still small in absolute terms, and always vulnerable to
unexpected catastrophes like the March 1996 dieoff - especially when, as in this case,
the victims are predominately adults in their prime, which are the animals most
essential to survival of the population. When some 2% of that population can be
wiped out in one such event - over and above all other sources of mortality - there is
ample cause for concern about the species’ future.

Not all these points are easy to make in sound bites, but this is the message we urgently

need to get out. - DPD

DEATH REPORTED
Jesse R. White, D.V. M.

Dr. Jesse White, well-known marine mammal veterinarian, died on 23 January 1996 at
his home in Dunnellon, Florida, at the age of 61 years. A native of Oklahoma, he received his
D.V.M. degree from Texas A&M University at ‘College Station in 1962. He served as Staff
Veterinarian at the Miami Seaquarium, 1967-86, and Marine Mammal Veterinarian for the
Florida Department of Natural Resources, Homosassa, Florida, 1986-87. In 1984, he founded
the Florida Manatee Research and Education Foundation, an organization for which he always
served as Director and President. He was an Adjunct Professor at the College of Veterinary
Medicine, University of Florida, 1983-87, and Clinical Professor in the Department of Smali
Animal Medicine at the same institution from 1987 until his death. He received several
lifetime achievement and conservation awards from professional associations, and was the first



veterinarian to serve on the U.S. Marine Mammal Commission’s Committee of Scientific
Advisors. His publications focused on manatees and marine mammal care and maintenance.
He was particularly interested in captive breeding of manatees, and it was during his tenure at
the Miami Seaquarium that the first successful and regular breeding of captive Florida
manatees began. (John R. Twiss, Jr. and DPD)

SHOULD THE SIRENIA SPECIALIST GROUP ESTABLISH A HOME PAGE
ON THE WORLD WIDE WEB?

A couple of weeks ago, I attended a meeting of the TUCN Species Survival
Commission (SSC) Steering Committee which was held in Australia. I was invited to attend
the meeting as an observer along with other Specialist Group Chairs from the region. The
Australians enjoyed being the only delegates not suffering from jet lag, a reverse of the usual
situation.

The issue of communication among and within Specialist Groups was discussed. The
SSC is planning to set up a home page on the World Wide Web which will concentrate on .
being a link among the home pages established and maintained by various Specialist Groups.
This initiative raises questions for the Sirenia Specialist Group:

« How many members would have access t0 a Sirenia SSG home page on the World Wide

Web if one were established?

oI5 there anyone who is prepared to establish and maintain such a page?
The page would have many advantages. Here are 2 few:
« 1t would be a source of up-to-date information on manatees and dugongs.,
oIt would be an additional method of distributing this newsletter.
° It could enable Group members to access the gray literature and publications lists of
other members, etc.
oIt could be an effective method of distributing the Dugong and Manatee Action Plans when
they are finalized.
1 do not see a Sirenia Specialist Group home page duplicating the role of MARMAM.

Your reactions, please; and is there a volunteer who is willing to establish and maintain

the page? - Helene Marsh

NIRS BREAKS THROUGH SIRENIAN FOLIAGE

The conventional methods used for amalyzing nutrient contents of seagrasses are
laborious and expensive. This is essentially why most studies dealing with sirenian and/or
seagrass nutritional ecology have limited mumbers of replications. This may now be a thing of
the past.

Near-infrared reflectance spectroscopy (NIRS) has been in use for the analysis of
agricultural and food products since the late 1960’s. This technique makes use of a small
segment of the electromagnetic spectrum (just above the visible region, 700 nm to the edge of
the infrared region, 2500 nm), cailed’ near-infrared (NIR). The NIR spectrum contains
information on the major building blocks of the biological world (CH, OH, and NH groups).

I applied this technique in my research entitled "The ecology of seagrasses as food for
dugongs and green turtles” at James Cook University. It allowed me to predict multiple
constituents of seagrass relevant to a dugong’s (and green turtle’s) perspective, for a large
number of samples (ca. 1,200, which would have been expensive and laborious using
conventional methods). This technique allowed me to select the "best" (most typical)
calibration set {15-20% of the total), based on the population’s spectral variability, for which
precise conventional nutritional/chemical analyses were performed. These calibration data
were then used for the development of predictive equations for each constituent using a cross-
validation technique. The predicted values have a good agreement with the laboratory values.
. The r? values for the different constituents were: 0.99 for nitrogen, 0.96 for organic matter,



0.94 for neutral detergent fiber, 0.91 for acid detergent fiber, 0.90 for lignin, 0.91 for water-
soluble carbohydrates, and 0.92 for in vitro dry matter digestibility.

NIRS analysis offers several advantages. It is rapid, nondestructive, and
environmentally safe. One of its most important features is that it can analyze samples for
multiple constituents. Even though this technique has existed for more than 20 years, it has
never been employed in nutritional ecology of wildlife. This technique will certamnly sirplify
the task of trying to understand why sirenians prefer certain species of foliage. - Lem V.
Aragones

COURSES ON Z0OO ANIMAL BEHAVIOR AND WELFARE

_Edinburgh Zoo, in conjunction with the University of Edinburgh, is again offering a
two-week summer school course from 15 to 26 July 1996 on Zoo Animal Behaviour and
Welfare. It is designed for all those involved in management and husbandry of captive animal
populations, and will update participants on the latest scientific theory and its practical
implementation. Registration deadline is 31 May 1996.

A new two-module short course on Assessment and Implementation of Animal Welfare
Programmes will also be offered on 1-3 November and 6-8 December 1996. (The first
weekend module will cover scientific assessment of animal welfare; the second, animal welfare
in practice.) Covering aspects of the new Royal College of Veterinary Surgeons’ Certificate in
Animal Welfare, Ethics and Law, this course will introduce the current scientific methods that
are used to assess and understand animal welfare and demonstrate how these can be practically
implemented.

For information on either course, contact Hamish Macandrew, UnivEd Technologies
Ltd., FREEPOST, 16 Buccleuch Place, Edinburgh EH8 OLL, UK; tel.: 0131-650-3475; fax:
0131-650-3474. -

LOCAL NEWS
AUSTRALIA Date % Calves
1988 22
Dugongs Take Years to Recover 1993 2.2
From Seagrass Loss. - Preen and Marsh 1994 1.5

(1995) report dugong deaths associated with

the loss of some 1000 km? of seagrass in
Hervey Bay, Queensland, Australia, follow-
ing a flood and two cyclones in 1992. Aerial
surveys have been used to track the resultant
changes in dugong numbers in the region.
The surveys suggest that the decline had
ceased by 1993:

Date Population Estimate
1988 2206 + s.e. 420
1992 1109 + s.e. 383
1963 579-629 + s.e. 126
1994 807 + s.e. 151

However, calf counts associated with
the surveys suggest that the population may
take even longer to recover than originally
predicted.

These figures parallel changes in the
pregnancy rate and proportion of reproduc-
tively active males in Torres Strait dugongs
coincident with an extensive seagrass dieback
in that region in the mid-1970’s (Marsh
1995). Data from Australia suggest that
large-scale diebacks of tropical seagrasses,
often associated with extreme weather events
such as floods or cyclones, are relatively
common (Poiner and Peterken, 1995). In
addition to any direct mortality of dugongs
associated with such diebacks, their impacts
on the life history of dugongs in the affected
area is likely to be serious and long-lasting.
The only data I know of concerning temporal
changes in the pregnancy rates of manatees
are from Marmontel (1995), who provides
evidence that suggests an increase in Florida
from 1976 to 1991.



Does anyone else have any data
suggesting temporal changes in the life his-
tory parameters of sirenians?
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CARIBBEAN REGION

Manatee Plans and Materials Being

Developed. - The regional management plan
for the West Indian Manatee in the Wider
Caribbean was approved at the Third Meeting
of the Interim Scientific and Technical
Advisory Committee to the Protocol Con-
cerning Specially Protected Areas and Wil-
dlife (SPAW) in the Wider Caribbean Region
(Kingston, Jamaica, 11-13 October 1995).
The plan will be published in English,
French, and Spanish.
The Caribbean Environment Pro-
gramme is also supporting the preparation of
manatee recovery plans in Belize, Colombia,

Honduras, Mexico, Suriname, Trinidad and
Tobago, and Venezuela, and the development
of educational activities on manatee conserva-
tion in Belize, Jamaica, Mexico, and Suri-
name. It is also producing a number of
educational materials for children in English,
Spanish, and French on manatee conservation
as part of a region-wide public awareness and
education campaign. A number of these
products (poster, coloring book, and bumper
stickers) are available, as is a directory of
manatee experts and institutions from the
Wider Caribbean including Brazil. Address:
Regional Coordination Unit for the Caribbean
Environment Programme, 14-20 Port Royal
Street, Kingston, Jamaica; tel.: 1-809-922-
9267/9268/9269; fax: 1-809-922-9292. -
(Source: The Pilot [UNEP], No. 13.)

FLORIDA

Major Manatee Dieoff in South-
west Florida. - Beginning 5 March 1996,
fresh manatee carcasses began turning up in
southwest Florida between Englewood and
Marco Island. The animals were large adults,
and the only gross abnormality was a diffuse
bilateral pneumonia. By 10 March, as many
as four carcasses were being reported per
day. By the 13th there were reports of 11
deaths in one day, and the Florida Depart-
ment of Environmental Protection’s (DEP)
Marine Mammal Pathobiology Laboratory in
St. Petersburg, which was handling the
necropsies, moved its operation to a field
station on Sanibel Island to process the car-
casses more efficiently. As of 4 April, the
total number of carcasses reported in the area
since 5 March amounted to 110, with the
total continuing to mount as this went to
press. Even if a few of these turn out to have
died from causes other than that of the major-
ity, this will still easily rank as by far the
largest single mass mortality of West Indian
manatees in recorded history.

All of the carcasses so far necropsied
were in good flesh; none had any indication
of cold stress and all had pulmonary lesions
characterized as diffuse, bilateralagi’scolora—
tion of purple and bright red on the serosal
surface of the lungs. On a cut surface, the
fungs were congested and bled. In the more
severe cases, the primary airways were filled
with a serosanguinous exudate that was
adherent and occluded the secondary airways.



In the less severe cases, the airways were
open, but the pulmonary parenchyma ap-
peared the same in all cases and there was a
conspicuous absence of inflammation. All
other organs appeared grossly normal. Death
‘lwas rapid and the result of pulmonary fai-
ure.

The vast majority of animals were
large (275 cm or more); the smallest were
191 cm and there were no perinatal-sized
animals involved. At least seven animals
were pregnant. Tunicates were not observed
in any of the GI tracts. Microbiological re-
sults indicated a diversity of bacteria that, in
the absence of an inflammatory response and
of consistency between cases, were consid-
ered secondary to the event.

Following the guidelines of the
Marine Mammal Protection Act, the Florida
DEP has requested technical advice from the
Working Group for Unusual Marine Mammal
Mortality Events. In addition to State biolo-
gists, Federal scientists from the U.S. Fish
and Wildlife Service, National Biological
Service, National Marine Fisheries Service,
and Armed Forces Institute of Pathology are
cooperating in the response to the dieoff, as
well as scientists from the University of
Florida, University of Miami, Miami Sea-
quarium, Sea World, and Erasmus University
in The Netherlands.

In 1995, Florida reported a total of 201
manatee deaths. This year, 200 have died in
Florida’s waterways in litle more than three
months.

The same area of southwest Florida
was the scene of another mass mortality in
1982 in which some 37 manatees died. These
deaths were traced to ingestion of tunicates
that contained red-tide organisms. That
outbreak included cases of manatees behaving
abnormally, and some animals recovered; but
in this case there have been no reports of sick
or strangely-acting manatees, only deaths.
Although the 1996 incident has coincided
with a red tide that has killed sea birds and
other marine animals, preliminary screening
of manatee blood for red-tide toxins has been
negative. Neither have any of the other
analyses so far produced any conclusive
evidence of a cause.

On 1 April, researchers captured six
manatees in the area of the dieoff and ex-
tracted blood from them in an attempt to
obtain a control group of live animals with

which to compare analytical findings from
the carcasses. For instance, if the live ani-
mals have been exposed to the disease, they
might show unusual blood cell counts or
perhaps antibodies. Alternatively, whatever is
causing the disease may be present in the
control ‘group’s blood but for some reason
absent from the blood of the apimals that
have died. Passive Integrated Transponder -
(PIT) tags were also placed in the captured
animals, so if any of them turn up dead in the
near future, they could provide imsight into
the incubation period if an infectious disease
is to blame, or possibly give other clues
about the cause of death. At this time a viral
infection is considered a likely culprit, but
unusual bacteria and natural or man-made

toxins have not been ruled out. (Source:
Florida DEP)
Award and New Job for Pat Rose. -

Patrick M. Rose, who has headed the Florida
Department of Environmental Protection’s
(DEP) manatee program for the past twelve
years, was recently the recipient of a 1995
special edition National Conservation
Achievement Award sponsored by the Na-
tional Wildlife Federation (NWF).

This award recognizes contributions
made by dedicated public servants in the
cause of conservation. Recipients are selected -
by the Awards Committee of the NWF Board
of Directors.

Pat has long been known for his
aggressive championing of boat speed zones
and other protective regulations on behalf of
the Florida manatee, and has borne the brunt
of many hard-fought intra-agency political
battles, as well as much bitter public criticism
incurred in the course of regulatory contro-
versies. To him belongs much of the credit
for the great success DEP has had to date in
enacting manatee protection.

Pat institated the Florida Audubon
Society’s manatee program, then became the
U.S. Fish and Wildlife Service’s first Mana-
tee Coordinator, before starting DEP’s mana-
tee program. He is also a noted manatee
photographer, and his still and motion pic-
tulres have appeared in many publications and
films.

In recent weeks he has left DEP to
become the new Director of Government
Relations for the Save the Manatee Club,
which has opened a new satellite office in



Tallahassee in order to become more in-
volved in advocacy for stronger manatee
protection. Pat’s dedication and government
experience will be major assets to this effort,
and his many friends and colleagues are
happy that his talents will not be lost to the
cause of manatee conservation. (Sources:
DEP, Save the Manatee Club Newsletter)

Save the Manatee Club Goes
Online. - Visit the Save the Manatee Club’s
new web site! Facts about manatees, infor-
mation about the Adopt-A-Manatee program
(including an online adoption application),
and materials for educators are all featured.
Address: htip://objectlinks.com/manatee.

GERMANY

More on Manatee Breeding in Nurem-
berg. - A letter to the U.S. Marine Mammal
Commission from Dr. Peter ‘Miihling,
Director, Tiergarten Niirnberg, supplements
the information reported in Sirenews No. 22.
He reports that between 1981 and 1995, 14
manatees in two generations were born at his
zoo, including two births of twins. The
founding stock came from Guyana.

The manatee pool is 1.6 m deep with
a surface area of some 50 m? (not including
an island). The manatees often rest in the
shallow areas, while ducks in the enclosure
rest in turn on the manatees’ exposed backs.

No behavioral problems have been
observed, even with up to ten manatees in the
pool at once. As of June 1995, only four
animals were still held, the others having
been transferred to the Arnheim Zoo, Tier-
park Berlin, Singapore Zoo, and Seapalace in
Japan. Plans are now underway to enlarge the
manatee pool and make more room for con-
tinued breeding.

INDONESIA

Cultivation Grazing by Dugongs in
the Moluccas. - From 1990 to 1995 we
studied the interactions between seagrasses
and dugongs in the Moluccas, East Indonesia.
This project was a collaboration between the
Pattimura University at Ambon, LIPI Jakar-
ta/Ambon and The Centre for Environmental
Science of Leyden University, The Nether-
lands. We found convincing evidence that
~ dugongs practice "cuitivation grazing."

Preen (1993) postulated that seasonal
nutritional stress in subtropical areas, and a
response to this stress by "cultivation graz-
ing," would be major factors in the observed
difference in dugong herd size between tropi-
cal and subtropical areas.

An impact of environmental stress on
herd size has also been observed for terrestri-
al herbivores. Increased denmsities of African
elephants caused by restriction in available
habitat led to an increase in group Size
(Laws, 1975). According to Preen (1993,
1995), "cultivation" grazing occurs when
herds of dugongs forage intensively in an
area, effecting a high level of seagrass
removal over a large area. " Cultivation’ gra-
zing allows dugongs to improve the quality of
their diet by one or more of the following:
(1) maintaining the meadow at a younger,
actively growing stage, so the seagrasses
contain less fiber; (2) converting the meadow
to a lower seral stage composed of preferred
and nutritionally superior seagrasses; and (3)
concentrating the regrowth vegetation into
areas that can be efficiently cropped. The
nutritional benefits of these modifications to
the seagrass meadows would maximize the
fitness of individual dugongs.” McNaughton
(1979) postulated that the fitness benefits
gained by individual animals through in-
creased foraging efficiency could lead to the
development of herding behavior in ungu-
lates. According to Preen (1993, 1995), due
to their mode of feeding, these benefits could
only be achieved if the dugongs fed in large
berds.

Preen (1993, 1995) also stated that in
tropical areas, the benefits of cultivation
grazing may not be necessary, or relevant, in
which case there may be no pressure to feed
in large herds.

The conclusions of Preen (1993,
1995) are contradicted by the findings of our
study, since we observed concentrated feed-
ing plots inside both intertidal and subtidal
seagrass meadows in the Lease Islands,
caused by cultivation grazing practice by
small herds of dugongs (2-6 animals). These
small herds could sufficiently disturb the
seagrass bed, through a dense grazing pat-
tern, to maintain monospecific meadows
(Halodule uninervis and Halophila ovalis) of
low standing crop.

The principal effect of cultivation
grazing in an intertidal multispecies meadow



in our study area (Nang) was the creation of
monospecific Halodule uninervis pioneer
meadows surrounded by multispecies associa-
tions. This pattern of grazing, similar to
patterns described for Moreton Bay by Preen
(1993, 1995), leads to the spatial containment
of less favored species, like (in our study)
ghalassia hemprichii and Cymodocea rotun-
ata.

The principal effect of cultivation
grazing in a subtidal monospecific Halodule
meadow in our study (Haruku) was a higher
in vitro digestibility inside the grazing plots,
compared with the undisturbed meadow. This
phenomenon has not been described by Preen
(1993, 1995) for Moreton Bay. Cultivation
grazing in monospecific meadows results in
patches with lower standing crop, but with a
higher in vitro digestibility, indicating a
feeding strategy along a productivity gradient
as described by Van der Koppel et al. (1993).

During our study we have identified
at least five permanent feeding plots with
concentrated, regular patterns of recropping
by dugongs. We concluded that dugongs in
these plots grazed in facultative feeding
assemblages with loose social interaction
rather than in fixed herds with strong social
bonds. Cultivation grazing benefits all indi-
vidual dugongs through an increased rate of
digestibility and energy intake, but lowers the
amount per bite and overall biomass in the
grazing plots.

With a computer model we calculated
the maximum sustained population size for
Haruku Strait as 11 dugongs. With a maxi-
mum sustained number of 90 dugongs and
the estimated minimum population of 22-37
dugongs for the study area, the quantity of
the available seagrass in combination with
mortality from accidental capture by man
may be major factors determining population
size, but seagrass quality seems to determine
herd size and dispersion. '

A '"cultivation” effect similar to that
observed for small groups of dugongs in the
present study has been observed for small
herds of manatees in Florida (Lefebvre and
Powell, 1990). Florida manatees, with
muzzles less specialized for bottom feeding,
do not produce feeding trails in the manner
of dugongs. Instead, when they feed on
seagrasses, they crop circular patches (mean
27 m?). Interestingly, there is some evidence
that they return to the same patches in subse-

quent years.

Our study confirms that the practice
of recropping permanent grazing plots
through cultivation grazing is moreover part
of a permanent evolutionary pattern of
adaptations of the dugong as a species in
response to its low-quality forage, rather than
a temporary response to seasonal nutritional
stress as postulated by Preen (1993, 1995).
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{EDITOR’S NOTE: I strongly
suspect that production of feeding trails is a
function of seagrass and substrate type and
density, not of degree of muzzle specializa-
tion. If seagrasses are sparse, delicate, and
easy to uproot, a sirenian can maintain
headway while removing most of the bio-
mass, thereby producing a trail during a
single dive. If the foliage is thicker and/or
the rhizomes are harder to dig out, only a
small patch can be cleared during a single
feeding bout (dive), and there is no reason



for patches cleared on successive dives to be
linearly aligned, so a large circular feeding
scar results. If manatees were observed
feeding on (e.g.) sparse Halophila beds, they
might be found to make trails too!}

PREEN RESPONDS: It is very
pleasing that cultivation grazing has been
documented from a tropical area, and that the
process seems identical to that in subtropical
Moreton Bay, where I did my stady. The
only substantive differences appear to be the
size of the dugong herds and the size of the
cultivation patches. In Moreton Bay the
median herd size was 140, and cultivated
areas were up to 75 ha within 11,054 ha of
seagrass. In Hans De longh’s study, the
herds were 2-6 dugongs and the study area
{Nang Bay) was 6 ha.

Hans has misunderstood the nature of
cultivation grazing in Moreton Bay. It is not
"a temporary response to seasonal nutritional
stress.” Rather, 1 speculated that seasonal
stress may necessitate cultivation grazing
(and omnivory; Preen, 1995, Jour. Mamm.
76:163-171) by dugongs when they live at
the extremities of their range. However, this
is not to suggest that cultivation grazing (or
omnivory) are seasonal in Moreton Bay, as
they are not, or to imply that cultivation
grazing could not occur in more tropical
areas. Indeed, in the Guif of Carpentaria, in
northern Australia (15.5 8), I have subse-
quently found that large herds of dugongs
persistently feed in the same locations for
extended periods, and that they appear to
return to these areas, perhaps on an annual
cycle.

Interestingly, in this area that is
overwhelmingly dominated by an abundance
of dense Syringodium isoetifolium, the

dugongs feed more in the manner described

for manatees. Rather than forming feeding
trails, they tend to form small oval feeding
patches (ca. 30 x 50 cm) from which they
remove only the leaves. These patches grow
and coalesce, and eventually very large areas
are substantially denuded. It is omly after
most of the shoots have been removed that
they start removing substantial amounts of
rhizomes. The extent to which this grazing
favors species like Halophila ovalis and
Halodule uninervis depends on the extent to
which the rhizomes of Syringodium are
~ removed. Mere cropping of the leaves results

in a rapid and vigorous shooting by the
Syringodium. - Tony Preen

JAMAICA

The World’s Most Primitive Sea-
cow. - With support from the National
Geographic Society, 1 have been working in
Jamaica for the last three years, collecting
fossils of Prorastomus, the oldest and most
primitive sirenian known. A site in the hills
south of Montego Bay, originally discovered
by Roger Portell of the Florida Museum of
Natural History, is yielding abundant post-
cranial bones of this Early to Middle Eocene
animal, which was previously known almost
entirely from a single skull found at another
Jamaican site in the 1850’s. Assisting Portell
and myself in the field are Steve Donovan of
the University of the West Indies, Kingston,
Jamaica, and Kevin Schindler of the Lowell
Observatory, Flagstaff, Arizona. The new
material may represent a new species distinct
from the type species P. sirenoides.

In addition to numerous ribs (which are
typically sirenian in their bulk and density)
and vertebrae, we have found a scapula, two
humeri, an ulna, several pelvic bones, three
femora, a tibia, a metapodial, a phalanx, and
several skull elements and teeth. Much of the
material collected remains to be prepared,
and probably includes still other parts of the
skeleton.

The appendicular bones of these pig-
sized, 50-million-year-old seacows resemble
those of land mammals far more than do
bones of Prorosiren, the next most primitive
seacow known. Since even Protosiren re-
tained well-developed hind limbs and was
obviously amphibious, it seems that proras-
tomids were even more capable of terrestrial
locomotion, although their aquatic adapta-
tions (retracted nasal opening, dense ribs)
indicate that most of their time was spent in
the water. They still possessed two or more
sacral vertebrae that were connected to the
pelvis, but these vertebrae were not fused to
each other, indicating a degree of spinal
flexibility comparable to that of early whales
like Rodhocetus. Prorastomids also seem to
jack an enlarged tail like that of later siren-
ians, so they may have used the hind limbs to
swim, like the primitive whale Ambulocetus.

Further fieldwork is planned, and as
coliecting and preparation proceed, we expect
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to rapidly learn more about the anatomy and
lifestyle of this true "missing link" between
land mammals and sirenians. - DPD

MEXICO

Manatee Rescue in Chiapas. - One
of the most important areas for manatees in
Mexico is the Usumacinta River and its
basin, with streams and many lakes, in the
states of Chiapas and Tabasco. The number
of manatees in this area has not been estimat-
ed, but it appears they are fairly common.

During the first months of 1993, the
southeastern states of Mexico suffered an
extensive drought; the water levels of many
streams and lakes decreased to critical levels.
On 29 May we received news of a group of
manatees isolated in  an almost lake
named San Juan (17 46’44" N, 91 55°45"
W), located in the municipality of Catazajd in
Chiapas. Manatees have been sighted in this
lake for more than 10 years.

In March and April, the people from
villages nearby took grass to the water to
feed the manatees, because they realized that
the water level in the lake was dropping fast,
and the manatees had nothing to eat. By late
May, authorities of Chiapas decided to rescue
the manatees.

The rescue work lasted from 31 May
to 4 June. Seventeen manatees were captured
and moved. From the second day of capture
we collected data on morphology and sex,
and also took five samples of blood and eight
of skin for genetic analysis.

The animals were corralled with a
100-m-long fishing net and then caught by
hand by slipping a rope around their pedun-
cles while the net was contracted slowly.
They showed an extraordinary ability to
escape from the net by lifting the lower edge
with their noses. During tramsport, which
lasted about 30 min, all animals showed
passive behavior until they were successfully
released.

The authorities decided to free the
rescued manatees in the Catazajd Lake, which
has a maximum area of 16,000 ha in the
rainy season, and where the local fishermen
estimate a population of 50-80 manatees.

Of the 17 captured manatees, five
were adults and the rest were juveniles,
including at least one calf. The sexed animals
were seven females and four males.

The Chiapas state authorities are now
planning to initiate an educational and re-
search program in the region with the aid of
the Quintana Roo Research Center, where a
research program on the Anfillean manatee
was started in 1987. -

A video of this rescue is available (8
minutes long, VHS). For information, fax:
083-20447 in Chetumal, Mexico. - Benja-
min Morales Vela and David Olivera
Goémez (El Colegio de la Frontera Sur
[ECOSUR], Apdo. Postal 424, C.P. 77000,
Chetumal, Q. Roo, Mexico)

NEW CALEDONIA

New Dugong Studies. - Jean-Philippe
Das has been conducting studies of dugongs
in New Caledonia, and in October 1995 he
produced a wide-ranging 97-page privately-
printed report entitled Erude des dugongs en
Province-Nord: Compte-rendu. It covers the
distribution, ecology, and status of dugongs
in the province, giving data from aerial and
interview surveys, catch data, and ethnobio-
logical information. In 1994 he produced
another report, Etude des dugongs en Prov-
ince-Sud. He can be contacted at: 18 Rue -
Ramean, 91160 Longjumeau, France
(tel./fax: 33-90-49-55-28) or at CEMMEN -
Conservation et Etude des Mammiferes
Marins en Nouvelle-Calédonie, BP 13098,
08800 Nouméa, New Caledonia (tel./fax:

| 687-44-22-34).

11

PHILIPPINES

i on Cetaceans and
Dugongs. - A Symposium and Workshop on
the Biology and Conservation of Small
Cetaceans and Dugongs of Southeast Asia
was held in Dumaguete, Negros Oriental, on
26-30 June 1995 and hosted by the Siiliman
University Marine Laboratory. The one-day
Symposium was attended by over 120 partic-
ipants from 10 countries.

The group agreed that its work should
include the dugong, since it faces many of
the same threats as small cetaceans and
because in several nations dugongs and small
cetaceans are studied by many of the same
researchers.

The Workshop agreed to establish a
small cetacean interest group in Southeast
Asia, with a regional newsletter appearing at



least three times a year (to be published by
the Ocean Park Conservation Foundation).
The proceedings of the Workshop are being
edited by Dr. W. F. Perrin and will be pub-
lished as a UNEP East Asian Technical
Series Report, - (source: The Pilot [UNEP],
No. 13.)

WASHINGTON, D.C.

U.S. Postage Stamp to Feature
Manatee. - For the first time, a manatee is to
appear on a United States postage stamp. Part
of a sheet of 15 multicolored stamps featur-
ing 15 different endangered species, the 32-
cent stamp depicting a Florida manatee is
scheduled for its first day of issne om 2
October 1996 in San Diego, California.

The U.S. is late in joining the club of
nations that have put sirenians on their
stamps: at least 31 other countries have
already done so. The first were apparently
Niger and Cameroon in 1962. Still conspicu-
ously absent from the list is Australia. How
about it down there?? It’s a cheap and easy
way for a government to help raise con-
sciousness about sirenians among children
and other collectors the world over. - DPD

Publication of Sirenian Bibliography Still
Approaching! - After further delays caused
by the past winter’s government furloughs
and shutdowns (what else can go wrong?),
Domning’s Bibliography and Index of the
Sirenia and Desmostylia is now expected to
appear this summer as Number 80 in the
series Smithsonian Contributions to Paleo-
biology. 1t will consist of a single sewn,
paperbound volume (about 8" x 10" format)
of over 610 pages. It is an exhaustive, anno-
tated and indexed compilation of 500 years of
scientific and popular literatare on the biolo-
gy, paleobiology, and ethnobiology of siren-
ians and desmostylians. Since the Smithso-
nian does not retail its series publications to
the general public, arrangements have been
made for the Save the Manatee Club fo
obtain a limited supply of copies for sale to
individuals. The retail price has been tenta-
tively set at around US$25.00 per copy. If
you wish to acquire a copy for personal use,
please contact the Save the Manatee Club,
500 N. Maitland Ave., Maitland, Florida
32751, USA (phone: 1-800-432-5646), as
soon as possible to reserve a copy and obtain
up-to-date information on price and handling
costs. To repeat, copies are not available for
shipment at this time, but will be ready
sometime in the next months. - DPD

ABSTRACTS

The following abstracts are of papers and posters presented at the Eleventh Biennial
Conference on the Biology of Marine Mammals, held at Orlando, Florida, 14-18 December

1995.

REQYCLED BY-PRODUCT BASED DXET FOR CAPTIVE MANATEES

A.G. Abend!, F.M. Bynrsz, and G.A.J. Northya

13 Dept: of Wildl. and Fisheries Sci., Texaa AdM, College Statiom
2: bept. of Animal Science, Texas ALM, Collega Statlon,

3: Dept. of Marine Blology, Texas AWM, Galveston

Although manstees Zrichecus manatus have been maintained in
captivity far more than 453 years, there ia a paucity of
knowledge about their avtrition and diat formulation has been
largely by convenience vs. acience, In addition, upkeep of
captive manatees on lettuce iz so costly that some pAarks
are now rethinking about further displaying tham. To addcess
these issues, we investigated development of naw diets for
captive manatees through linear programming techniques that were
more nutriticpally sound than thelr general diet of lettuce and
carrots, which would also reduce the coat of thelir feeding.

We investigated the use by-products from food and beverage
processors to create thia product, Proximate compositions were
darived based on deaired specifications of 2.5, 5.0, 7.5% fat,
and 15, 20, 25% of crude protein {(CP) and acid detergent fiber
{ADF) uaing brewsrs grains, citrus pulp, carrota, lettuce,
soybean meal, and alfalfa. For a desired diet specification of
5.0% fat, 20% CP, and 25% ADF the derived makeup consisted of
47% brewers grain, 29% citrus pulp, and 23% alfalfa at an
approximate coat of $S88/ton va. an approximate cost of $32,000
for a lettuce diet. A 25% CP, 20% ADF, and 5% fat composaition
vields a makeup of 47% brewers grain, 34% citrus pulp, and 16%
soybean meal at $98/vton. With feeding costs and nutxicional
concarns on the rize, this provides an excellent way to racycle
our agricultural ceacurces and also reduce the coats of
zoo/aquarivm animal husbandry.

AGE-STRUCTURED POPULATION MODELS FOR FLORIDA MANATEES
Ackerman, B.B, Wright, §.D., Florida Department of Environmental Protection,
100 Eighth Avenue S.E., St. Petersburg, FL 33701

Population models were developed for 5 regional subpopulations of the endangered
- Florida manatee (Frichechus manatus latjrostris). Population dynamics have been
uncertain, and it is unclear whether the populations have been increasing or
decreasing. Two simple models were developed using: 1) age-specific survival and
reproduction from fong-term radio-telemetry and photo-identification studies, and
2) regional trends in carcass recoveries and aerial estimates of population sizes.
Intensive efforts yielded 2454 carcasses 1974-94, with 1161 carcass ages (maximum
age 59 years). The number of carcasses through time in 3 age classes was used to
validate the models. No previous manatee models have: 1) used actual trends in
carcass numbers and sex-age structure, or 2) covered southwest Florida where
manates mortality is highest, Mortality varies among regions because of differing
densities of manatees, humans, and watercraft, degree of crowding in constricted
waterways, and other factors. Regional population projections 1975-94 were
compared to long-term acrial studies which previously suggested increases of 1 to
10 %/year in some areas. Other scenarios tested included higher mortality, tower
reproduction, reduced watercraft-refated mortality, and interchange between
populations. Maodel projections indicate a range of feasible population cutcomes
which are validated with independent data sets. Models are being used to assess
current population dynamics, predict futre trends, and improve conservation
strategies in critical areas. Additional modeHing will assess changing human
impacts into the future.
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PRELIMINARY RESULTS ON THE USE OF STABLE CARBON
ISOTOPE ANALYSIS FOR DETERMINING THE DIETARY HABITS OF -
THE FLORIDA MANATEE, TRICHECHUS MANATUS

Ames, A.L., Van Vleet, E.S. and Sackett, W.H.
University of South Florida, Department of Marine
Science, 140 7th Avenue South, St. Petersburg, Florida
33701

The sloughed skin from three captive manatees at
Lowry Park Zoological Garden (Tampa, Fleorida) was
examined over a periocd of one year to_determine its
stable carbon isotopic composition (§'c). The food
consumed by these manatees was alse sampled and their
§8¢ values determined. The sloughed skin §'c values
from the captive manatees were enriched by an average
of +4.1 % relative to lettuce the animals consumed,
while the average enrichment relative to carrots was
#1.6 %. &Y values of the skin were shown to be
related to changes in the manatees' diet,

The stable carbon isotopic composition of internal
tissues (liver, kidney and blubber) and skin from
dead, stranded manpatees was also determined. These
values were compared to values of vegetation that
manatees are known to eat in the wild. The &'C
values of the internal tisgues and skin of wild
manatees was consistent with the range of §¥c valuves
of their expacted diet.

KRE FEMALE MANATEES MORE VULNERABLE T ENTANGLEMENT IN CHAB TRAP

LINES?

peck, ©. A. and Lefebvee, L. W.

Hational Blologieal Service, Southeastern Biological Sclence
center, Slrenis Project, 412 NE 16th Avenuo, Gainesvilie, FL

32601.

Each year, an increasing number of manatees
lines.
both flippers.
freg-ranglng cetaloged manatees,
to entanglement were tabulated.
identifled by healed flipper wounds and, for most, the material that
resulted Ln the loes or constriction of =&
tdentified. Thirty-five manstee rescuen to remove linea on flippers
have been documentod slnce 1976.

the

or ropes of unknown crlgin, was entangled on eight (22.5%) manatees;
three (B.6%) manatees were entangled in lines of unapeciflied srigin.
Of tha 30 free-ranging affected manatees, 22 (73.3%) were females,
four were males (13.3%), and the sex wam unknown for four {13.3%).
of the 35 rescued manatees, 23 (66%) were females, B
males, and the sex was unknown for four {11%). We propose that
female manatecs may be especially vulnerable to entanglement,
possibly due to a propensity to rub their teats
in the water. Beck and Barros (1991}

entanglement ln lines and other debrle.
site of entanglement.

of these materliale.
bahaviore that promote entanglement ond
developing ways to prevent further entanglemant incidents.

WINTER MOVEHMENTS OF RADIO-TAGGED MANATEES BETWEEN WARM WATER
SOURCES ON THE WEST COAST OF FLORIDA

goddery, §.P., Hright, I.E., Ward, L.I., Tacr, 5.F.

Flerida Department of Environmental Protection, St. Peteraburg,
Florida, 313701

The Florida Department of Environmental Protection has radlo-
tagged and monitored the movements of 48 West Indlan manatees
along the wesk coast of Florida since February 1991. Three warm
water sources in Tampa Bay used by manatees ¢uring the winter
{Pec.-Feb.} include: fTampa Electric Company’s Big Bend and Port
Sutton power plants and Florida Puwer Coyporation’s Bartow power
plant. Analyses of movement data for 28 animals shows a yearly
variation in the use of these plants. Two groups of mapatees were
gtudied: those that used only Big Bend and those that traveled
between power plants. Animala that utilized all the power plants,
were generally larger than 295 cm. Those that waed only Big gand
were smaller or females with calves,

Movements between warm water gources in Tsmpa Bay and other
west coast aggregation sites during a winter season and between
seasona were rare but have been documented. A 280 cm female
manatee, without a calf, apent 7 days at warm water sources in
Tampa Bay after Initial tagging at Big Bend during January 1995,
she then traveled 1BO km south to the Foxt Myers power plant. A
242 cm female tagged at Sig Bend in 1994 utilized all three power
plants in Tampa Bay throughout the winter. She then traveled
south and spent the next winter at the Fort Myers power plant.
Maovements of non-tagged animals between west coast power plants
have also been decumented by the use of the scar catalog.

are reported
entangled in crab trap lines, monofilament line, or unspesified
Nearly all of the documented entanglements lnvolve one or
Records of scarred or mutilated flippers on knouwn
and records of manateen rescued due
Thirty free-ranging manatees werw

flipper was not

Lines, typlecally 1/2" nylon and
reported as crab trap lines, often with buoys mtill attached, were
primary nource of entanglement for 24 (6B.6%) of tha reacued
mansteen; menofllament line, or monofilament with other fiylon lines

(231} wers

on linea suspended
documented manatee
Flippere vers the primary
Efforts phould be made to collect materials
involved in documented entanglemente and to investigate the origin
Research on captive manatees may elucidate the
asgist managers in
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CAPTIVE HANATEE RELZEASES AND HONITORIHG ALOND FLORIDA'S ZAST COAST
ponde, R.K., Rekd, J.P., Tyeon, S.L. and Easton, D.E..

NHatlienal Biologlicsl Service, Southeastern Blologlceal Sclence
Center, Sirenis Project, 412 NE 16th Avenve, Gainesville, FL

32601.

In June 1988, the Sirenia Project incorporated the radlo tracking
of rehabilitated, praviously captlive manatees (Irjchechus manaztug
lativostrie) inte an ongoing study of manates movements along tha
east coapt of Florida. Through June 1994 we have radic tagged and
monitored the releace of 18 manateen (10 9, 8 4). Length of
captivity for these individuals ranged from 6 days to more than 85
months, and hae included animals from different age classes. Two
cowfcalf pairs were tagged and released together. Tracking was
accomplished with the use of conventional VHF tranemitters ag well
a5 patellite-monitored platform transmitter terminala., Fifteen
manatees have been documented to have purvived thelr firet
independent winter, and I3 fndividuale were observed utllizing a
rellable warm-water source during cold winter weather. Two manatees
lost their tags prior to the first winter seasen. General movesents
and habitat utllization appears to be simllar to patterns
eptablished by wild manatees. Two manateea travelled inte north
Florida and Georgla during the warm season. One animal died when it
became trapped ln a storm water drajnage pipe. Data gathered from
thie gtudy have helped to eptablish guidelines for future releasss
of long-term captives, as well as captive born manatees.

FUNCTIONAL ANATOMY OF PERIORAL BRISTLE USE IN HANATEES
Clark, L.A., Marshall, C.D. and Reap, R.L.

Department of Phyalological Sclences

Univaxrsity of Florids Gainesville, ¥1 32610-0144

Manatee feeding behavior Involves the use of modified
perjoral vwibrissse {briatles, primarily the U2 and L1
fialda) to manipulate vegetation, The facial musculature of
the Florida manatee, Trichechus manatus, was examined in
order to develop a functional model of manatee feeding
behavier. Hanratee heads were dissected grosaly and
sactioned coronally in order to identify the underlylng
myology. Muscles identified include the M. levator
nasolabialis, M. bucecinatorius, M. maxillonasolabialis, M.
centralis nasi, M. lateralis naai, H. sphincter colli
profundus pars oriz (SCPO), M. orbicularis oris, and M.
mentalis. We hypotheaize that U2 bristle protrusion is the
result of contraction of the . buccinatoriuvg, along with
the contraction of the M. levator nzsclabialis. Midline
aweeping of the U2 bristla flelds occurs by the relaxatien
of the SCPO, with congurrent contraction of the M. centralis
nasi. Lateral movements of the U2 bristles are due to
sontractions of SCPC and M., levater nasolabialis.
Protruaion of the Ll bristles anterior to the lowex hoxny
pad is due to contraction of the M. mentalis rolling down
the lower lLip exposing the bristlea, Retraction of both the
L1l and U2 bristles is the result of a relaxation of the
surrocunding muaculature.

Supported by NSF grant BNS-912045 to R.L.R. and Florida
Department of Environmental Protection.

RELIABILITY OF TOXICOLOGICAL ASSAYS CONDUCTED ON
DECOMPOSED MANATEE TISSUES

Clifton, K.B. and Wright, 5.D.

Florida Department of Environmental Protection, 3700 54th Ave. S, St
Petersburg, FL. 33711

_Marine mammal science depends heavily on stranded carcasses for
biotogical information. For some species, nearly all that is known about
them was detived from stranded carcasses and most of these were not
fresh. Tissue concentrations of various toxins are becoming more
frequently reported and appear to have a greater role in marine mammal
epizootics than grcviuusly thought. However, the reliability of results of
assays conducted on decomposed tissues is in question.

Carcasses are recovered from throughout Florida year-round and are
classified as fresh, moderately decompased, or badly decomposed at time
of necropsy. As part of the Manatee Recovery Plan, we have conducted
assays using standard EPA test protocols to fest for the presence of 34
organic compounds and 28 heavy metals in liver tissue collected from
maléatcc carcasses, Only fresh or moderately decomposed tissues were
used.

No organic compounds were detected above the standard minimum
detectable fevels in any tissues. Of the meials tested, copper, aluminum,
and cadmium were detected in both fresh and madcrate? decomposed
tissues. Of these, mean concentrations of copper and aluminum were
significantly higher in fresh tissues (Wilcoxon rank-sum, p < 0.05). These
results suggest that decomposed carcasses may have limited value as
accurate indicators of toxin concentration in tissues,



MANATEE (TRICHECHUS MANATUS) HMOVEHENTS AND SPATIAL USE PATIERNS
ALONG THE EAST COAST OF FLORIDA

Deutsch, C. J., J. P. Raid, R. X. Bonda, and H. I. Kochman.
Sirenla Project, Natfonal Biological Sarvice, 412 NE 16th Ave.,
Rm. 250, Galnesville, FL 32601

Home range and movemant patterns of the endangered Florlda
manatee were studied along the east coast of Florida from 1986
to 1994. Sixty-nine manatees ware tracked using VHF {leld-
monitored radio-transmitters (n=24) or a combination of VHF
tage and UHF matallite-monitored transmitters (n=45), resulting
{n over 45,000 locations. Annual movement patterns varled
among individuals in terms of distance betwaon sumner and
winter canges, geographic region, timing of movements, and
dagrew of slte fidelity. About 50% of wild-caught manatees
made seaschal migrations, typically between south FL ln winter
and central or north FL during the warm season (median one-way
distanca = 250 km}, while the remainder were residant year-
round in a given reglon. Migratory distance did not vary
signlficantly with age clase or sdult body siza, Warm-water
refuges, .typically power plant efflusnts, ware utilized during
cold winter pariode. Travel between high-uge areas was usually
direct and rapid {(up to 50 km/day}. Hoat individusls exhibited
strong site fidelity to summer rangss ACFoaS yeacs. Hanateas
rescued snd rehabilitated as adulta (ne8} exhiblted migratory
petterns similar to those of wild-caught animalw, but those
rahabilitated as orphaned calves {nu3) showsad reetricted annual
movemants. Threa animals tagged as dapendent calves used their
Hatsl summar and wlnter ranges after weanlng. Those two
findings suggast that annual movement patterns and preferred
areat are learsed from the mother during the calf dapaendency
pericd. Information on mpatial uss and movements ls necessarcy
to protect manates habitat and to reduces human-caused
mortallty.

WOVEMENT PATTERNS OF RADIO-TAGGED FEMALE MANATEES
ritzgeraltd, M.R., Flamm, R.O., Welglie, 8.L.

Florida Department of Environmental Protection, St. Petersburg,

FL 33701
The Florida  Department of Environmental Protection
radiotnlemetyy project tagged 23 female Florida manateas

(Trichechus manatus latipoatris) -between February 1991 and Hareh
199%. HMovemant patterns for 13 female manatoes both with calves
(rwc) and with no calves (FHC) were comparsed to determinm
differences in ranges and distances traveled. point locations
were .retrieved from ARGOS satellite raceptiona and from visual
sightings. The data were entered Into the ARC/INFO Gacgraphlc
Information System. ARC macre programs wers written to cannect
sequential point locations and produce a shortest travel routs
betwean points while maintaining the travel path ln water. Hean
dally travel distances were calculated for mach month and
shoreline ranges were totaled from «stimated travel routes.
piffersnces between mean daily travel distances for FWC and FHC
an & monthly basis were minimal. However, shoreline ranges for
FHC were substantially smaller than ranges for FHC. Reaults
suggest that FWC selected habitat close to thelr prafc:rud winter
aggregation sites while FHC gnlected habitat over a wide
geographlc range along the west coast of Florida. A comparison
of movement patterns to evaluate habitat use by FWC ang FHC will
help managers identify and protect areas preferrad during
different reproductive stages.

HABITAT INFLUENCES ON THE DISTRIBUTION AND ABUNDANCE
OF FLORIDA MANATEE IN THE INDIAN RIVER LAGOON, FLORIDA
Fiamm, R.O., Ward, L., and Weigle, B.L. Florida Department of
Environmental Protection, St. Petersburg, FL 33701, USA.

‘The influence of habitat on the scasonal distribution and abundance of
manatees in a portion of Florida's Indian River Lagoon was investigated.
Manatee densities for winter and summer were estimated from point locations
collected during 63 aerial surveys flown in 1986 and 1987 betwesn Grant and
Fort Pierce. A new GIS spatial filtering algorithm called a fixed-area spatial
filter was applied to the points to create a manatee density surface. Filter size
was based on a circle with a radius equal to the median of the movement rate

distribution, 325 meters/hr, as derived from an analysis of satellite telemetry -

data, The filer polygon always contained the same amount of habitat
adjacent to the point location, varying its shape when encountering land to
satisfy its size requirement. Manatee density maps were compared 10 spatial
data layers of bathymelry, distance to seagrass, and distance to water
diséharge sites. The spatial arrangement of manatee densities were similar in
winter and summer and the correlation between shatlow depths and high
manatee densities was statistically significant for both seasons (T > 3.03, P
=05, Dunn's non-parametric mulicomparison test). Distribulions appeared
to be more strongly influenced by the proximity to fresh water rather than
distance 10 seagrass beds.
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POPULATION GENETIC STRUCTURE OF THE WEST INDIAN MANATEE
Garcia-Rodriguez, A.I., Rudin, M., Bowen, B., Mignucci-
Giannoni, A.A.*, and McGuire, P.M.

University of Florida, Gainesville, FL, 32610 and

‘Red Caribefa de Varamientos, San Juan, PR 00937

The ntDNA D-lcop region in 54 samples from five
lowations was analyzed to study the genetic structure
among pepulations of the West Indian manatee (Trichechus
panatus). Twenty-four samples were collected from
Florida, eleven from Puarto Rico, fourteen from Colonbla,
four from Venezuela, and one from the Dominican Republic.
Tuenty-two distinct haplotypes were observed. One haplo~
type was found in Florida samples, eight in Puerto Rican,
eight in Colombian, four in Venezuelan, and one in the
pominican Republic. HNo haplotypes were shared among
sample sets, except for three individuals in Puerto Rico
which shared the Florida haplotype. Haplotypes in the
Florida, Puerto Rican, and Dominican Republic samples
constitute a cluster of closely related mtDNA lineages.
venezuelan and Colombian samples comprise a second
cluster. A deep genetic partition was found between these
two clusters. These results indicate strong structuring
among West Indian wanatee populations and two
phylogeographic units within the specles. [This work was
supported by the caribbean Stranding Network, the Sirenia
project of the National Blological Service, and the State
of Florida Department of Environmental Protection.]

UNDERWATER HEARING ABILITIES OF THE WEST INDIAN MANATEE
Gerstein, E.*, Gerslein, L., Forsythe, 5.~ and J. Blue®

* Dept. of Psycholagy, Florida Allantic University, Boca Raton, FL 33431

A Navy Undersea Warfare Center, Division Newport, Underwater Sound Relerence
Detachment, P.0. 568337, Orlando, FL 32856

A comprehensive series of psychophysical lests have been conducted to measure
ihe hearing abilities of two captive-bom manatees. Results from 3 tests: {1} the
pure-tane threshold, (2) the acoustic masked threshold, and {3) the underwater
directional hearing lest, provide the first empirical sensory data and definitve
audiogram for any Sirenian species. The pure-tone and masked threshold lests
used an up-down staircase procedure in a two-choice forced attemnative paradigm
The underwater localization test used a direct simulus-response technique with
4 transducers rotated and electronically pulsed to negata speaker-specific artifacts.
The resullant audiogram from both subjects is U-shaped with peak frequency
sensitivity at 12-18 kHz, 50 x 3 dB ro:luPa. The masked thresholds have
consistent critical masking ratios ranging from 29-14 4+ 4 dB for the respective
frequencies tested. Underwatar tocatization performance was poor for signals
below 3 kHz and Improved as a function of frequency und pufse iepatition. High
frequency sensitivity may be an adaptation {or living In shallow-water environments
whera lower frequencles do not propagate as well because of physical boundary
afiects. The collactive hearing date suggests manatees can not detect and localize
the sounds of approaching boals against an ambient background > 70 dB (relevant
wild lavels are > 80 dB). An “environmentally friendly” acoustic waming device,
designed lo optimize manatee hearing abililies, could help wild manalees detect
and locate boats in enough time to avoid repeated collisions.

DEVELOPMENTAL SEQUENCE OF ' OSSIFICATION CENTERS N
MANUS OF MANATEE (TRICHECHUS MANATUS LATIROSTRIS)
Goodysear, D.M.S. and Watson, A.G.

Department of Physlologicsl Sciences, College of Vetatinary
Mad!cine, Oklahoma State Univaersity, Stillwater, OK 74078

Management and conservation of endangered Flofida manatsas
{Trichechus manatus latirostris) requires lifo-history data based on
sccurste ape estimation.  In memmals the sequence of fmb
ossification iz often used to estimate age. Radiographs from a
davelopmantal serles of 161 flippers from 151 salvaged manateas
{1.0 - 3.5 m TL} were analyzed for the first appesrance of 43 carpal
and epiphyseal ossification centers In the manus. At birth (1.2 m}
the diaphyses of redius, ulns, metacarpais 1-5 and all phalanges
{I-1, 1-3, 1I-3, V.3, V-3 are ossitied. In weaned Immaturas {2.0 m),
6 of the 7 carpal bones, the epiphyses of tha distal radius and uina
and all proxima! metacarpals and distal metacarpais 3-5 begin 1o
ossify. At 2.3 m the redial carpal bone appears and at 2.1 - 2.3 m
the distal epiphyses of metacarpals 1-2 ossify. Proximal and distal
phatangea! epiphyses appear later and continue to ossify after sexual
maturity (2.7 - 3.5 m). Correlation with sequences from known-
eped manatees will form the basis for age estimation. Supported by
National Biological Survey P.0. #83023-4-0213.



THE ABUNDANCE AMD DISTRIBUTION OF THE WEST INDIAR HARATEE,
TRICHECEUS MANATUS LATIROSTAIS, AT SELECTED SITES IN THE
PANANA RIVER AND AT THE FPL AND OUC POMER FLANTS IN BREVARD

COUNTY, FLORIDA
Heckmann, D.B. and Morris, J.G.
Florida Institute of Technology, Helbourns, Fl 32901

The abundance and distribution of the West Indian Manatee,
trichechus manatus latirostris (Linness), along Florida‘s cast
coast exhibits ssascnal variation. Several sites within the
panana and Indian Rivers wers surveyed to further document
such seascnality of manatse abundance snd distribution within
preverd County, Florida, According to the AROVA [aud,05),.
there was & significant difference in manates abundance
between sitee and between the interaction of seasons and
sitest. Land and boat eurveys were utilized to moniter deily
movemant of manatees within and batween mites. During this
study 121 distinctively scarred individuale were identified
through photo-identificatien. Thare were 179 animalp that had
unclear photos and/or sketches, of which thers were possibly
54 additicnal identifisble individuals. Site fidelity was
documentad and movement betwoen survey sites was observed on a
few occasions.

Although previcusly documented, no correlations (p»0.0%5)
between manatee abundance and ealinity, air temperature or
vater temperature were sbeerved during this study. ‘the
relationship between amshatee abundance and boat traffic vas
alsc examined. The only significant relationship occurred at
ouc in vhich there was a positive correlation (0.0%5) between
boat traffic and manatee abundance,

This study provides information about manatea abundance and
distribution that could prove benaficial for the development
and isplementation of useful managesant strategies.

FIRST SUCCESSFUL RELEASE OF A CAPTIVE-RAISED ORPHANED ANTILLERN
MANATEE IN THE CARIBBEAN

Jiménez-Marrero, N. M.!, Mignueci-Giannoni, A. A.!, Reid, J.
p.?, Bonde, R, K.?, Lee, N. H.! and Williama, E. H.?

'Red Caribefia de Varamientos « Caribbsan Stranding Networkp'
PO Box 38030 San Juan, PR 00937-1030, ?Sirenia Project,
National Biological Sarvice, 412 NE 16th Avenue, room 250,
Gainesville, FL 3260)-3701, 'Department of Marine Sciences,
University of Puerto Rico, PO Box 908 Lajas, PR Q0667-08508

Racovery plans for the Waest Indian manatee mandate the
relsase of captive-raised orphan manatees, including those
rescued in Puerto Rico. The first candidate for release in
Puerto Rico was a male Antillean manatee (Trichechus manatus
manatus) resceed in 1991. A detailed protocol for a
conservative, progresaiva release wags stated cooperatively by
the Caribbean Stranding Hetwsrk, Commconwenlth, federal) and U.S.
Naval officials. On 22 March 1994, the manatee was transported
to Reosevelt Roada Maval Statien whera he was placed inko a
fenced natural pen for acclimatization prior to his release.
Aftor 5 months, the manatee was releass into the adjacent hay
and monitored with a radio transmitter. Soon atter relaase, it
wan obmerved socializing with wild manatees, and although it
raturned to the pen frequently, he traveled to and utilized
areas vhare manatees ware known to feed. Aftar 1.5 years, the
tatates remains healthy, active and well-acclimated. Thia la
the firat successtul releass of an orphaned captive-ralsed
Antillean manatee to the marins envirenment in the Caribbean.

TRENDS IN ABUNDANCE AND DISTRIBUTION OF FLORIDA MANATEES
(TRICHECHUS MANATUS LATIROSTRIS) MEAR SARASOTA, FLORIDA:
19851994

Koelsceh, J.K.

Mote Marine Lahoratory, 1600 Ken Thompeon Parkway, Sarasota,
FL 34236

For the past decade, Mote Marine Laboratory observers
conducted once or twice monthly aerial surveys to assess
manatee abundance and distribution in the inshore and
coantal warers of Sarasota Bay. These surveye have
identified a seagonal occurrence of manatees within the
regicn and have helped idencify several aites of regular and
recurring manatee upne. [ analyzed thin ten-year databape
to obtain long-term, year-round information on manatees
alenyg the west central coast of Florida, Counts per survey
ranged from 0 to 41 within the %0 km’ area. Relative
abundances shoved a significant pogitive trend over the ten
years {p=.0l}. Greater abundances were recorded during
Apr/May through Nov/Dec although mid-summer counkts were
occagionally lower. Division of the study region into five
smaller areag did not reveal annual shifte in distribucion
howsaver gignificant seasonal variations were observed.
Average calf percentage was 5.1% and ranged between 1.3% and
1.9% anpuslly; significancly more calves were observed in
the suwmer (Jul-Sepl and fall [Oct-Dec) [pe=.046). RAverage
herd gize was 1.98 and traveling was the most fregquently
recorded behavior. Several different observers participaced
in this project which may have contributed ro variatione
over time, However, it is more likely that the cbaerved
trends are the result of a difference in the level of use
of the atudy area due tc changes in regional. diestribution
and/or the population size.

15

THE EPIGLOTTIS OF AQUATIC MAMMALS:

IT'S NOT ONLY SIZE THAT COUNTS, BUT HOW IT'S POSITIONED
‘Laitman, Jelirey T. and Joy S. Reidenberg .
Depaniments of Call Biology/anatomy and of Otolaryngology,

Maunt Sinai Schoot of Medicina, New York, NY 10029-6574,

In most terrestrial mammats, the epiglotils is a teal-shaped carliage of the larynx
thal overlaps the solt palate, creating essenlially separate resplratory and digestive
pathways. Cur studies have shown that this condition has baon extensively
mriedilled T odontocalas. Their epigloltis is greally enfarged, siongated, and s
placed in a permanently inlranarial position. This arrangernent alkews the alr and
food pathways to be tolally separaled, and may affow (hase animals the ability to
teed while communicaling, Whether this is the baseling conliguralion for other
aquatic mammals, however, remains unclear. To atdress this issue, we axamined
the larynges of 39 specimens oblalned post morlem from eight genera of non-
celacean aqualic mammals (Zalophus californianys, Caifomia sea ion: Caliorhinus
ursinus, northem tur seal; Phaca vituling, harbor seal; Enhydra Mins, sea ofter;
Lulra canadensis, river oller; Caslor canadensis, beaver; Ondalra zibethica,
muskrat; and Trichechus manatus, Florida manatee). Rasults show that thelr
epiglottis more closely resembles those of lerrestrial mammals than # does those of
odontocetes. In particular, the epiglotlis is refalively small, as comparad 1o the
huge structure typical of odontocetes. While some groups exhibil epiglotiic
madifications {e.g., bilurcatian in Zalophus or posterior arientation of the tip in
Trichechus) none exhibit a morphology as exlensively derived as that of any
cdonlocete species. Similar to most terrestrial forms, the epiglottis of non-
cetacean aqualic mammals is posilioned lo overlap the postarior surface of the soft
palate. This flexible epiglotlis may unkck from this position in certain siluations
{e.g.. swallowing a large balus of loog), in contrast to the permanently intranarial
posilion in odontocetes. Thus, while afl inhabil a waler-based environmenl, the
retention of a lerresirial paliern among some species suggests thal a single
aerodigeslive racl confiquration for all agquatic mammals does not exist.

MARK-RESIGHTING ESTIMATES OF ADULT SURVIVAL RATES IN
FLORIDA MANATEES (Trichechus manatus j is) .
Langtimm!, C.A.; T.J. O'Shea?, R. Pradel?, and

C.A. Be?kl- !National Biological Service (NBS),
Gainesville. FL.; ?NBS, Fort Collins, CO; Simon Fraser
Untiversity, Vancouver, BC.

We used open population mark-recapture medels to
estimate annual adult survival! probabilities ($) for
manatees wintering in three areas: Blue Spring. Crystal
River, and the Atlantic coast. MNatural and boat-
%nflicted scars uniquely "marked" individuals cataloged
in a computerized photographic system; photo-documented
resightings “recaptured” individuals. We used
ggodness-of-fit tests in Program RELEASE to search for
viclations of assumptions. We used Program SURGE teo
model survival and capture probabilities, and to
statistically choose between competing models, “There
were no differences in $between sexes. At Blue Spring
and Crystal River 3 was best estimated as constant from
1582 te 1991 at 0.96. Survival is high enough at these
protected sites to maintain a growing population if
reproductive rates and juvenile survival also are
sufficiently high. On the Atlantic coast 9 was lower
and varied from 1585 to 1991. HMean ¥ was estimated at
0.90. Management practices that increase survival
rates (such as boat speed restrictions) should be
improved along the Atlantic coast to promete faster
progress towards pepulation recovery.

HANATEE GRAZIE{G EFFECTS ON SERGRASS BIOMASS hNP SPECIES DIVERSITY
{..efebv:a L.W.', J.A. Provancha®, &.J, Kenworthy , and C.A. Langtinm
Hat. Blolog. Sarvice, 412 NE 16th Ave., Galnesville, FL 32601
JPynamac Corp., Ble-2, Xennedy Space Ctr., FL 32839

Rat. Marine Fisharies Service, Beaufort, NC 28516-0722

Domning propomed that sea cowe and neagrasses have co-evolved
over millions of ywars. Seagrasses are an Lmportant part of the
¥West Indisn manatee’'s (Irichechus manatya) diet, and are the
principal food of the dugong (Pugopg dugon). Manatee and dugong
fasding raduces seagrass shoot and root blomass, and possibly
influences species succeescion and composition. We examined the
short-term and long-term effacts of manatem grazing on oveagraes
bicmass and gpacies componition Ln a mixed~npecies seagrasa bad in
the norcthern Banana River, Brevard County, FL. This ja an
important foeding ares for a lacge number of manatees, partlcularly
in late winter and spring. In October 1990, two 12.8 x 12.8 m
manatee exclosures were built and a paired cpen area of the vame
elze wns eatablished near sach exclosurm. Speclos compositlicn was
wsapped and random biomass cores wers taken of the co-domlnant
aspacies, §. fillforme and H. wpightil, in all 4 areas ln October,
February, and July of 2 consecutive years (through July 1992).
Spacies compooitlon mapping was continued eseasonally through
Cctober 1994. A multivariaste ANOVA on log-transformed biomeas
indicated that manates grating reduced bicmass in the open study
areass, but that differences occurred in the Impact to the two
wpecias. fThe raelative frequency of §. and H. w
changed over time in both open and exclosed areas, with open areae
tanding toward dominance by H. wpightii, the ploneering, early
succednlonal speclies, and sxclosed aroas tending toward deminance
by 3. fillforme. We postulate that, Ln the abssnce of manatee
grazing, H. is shaded out by the taller, more robust §.

+ Hanates grazing may help to maintaln mixed-spacies
seagrass beds.



A RECENT LIST OF SIRENIANS AND CETACEMIS IN VENEZUELAN MUSEUMS.
Linaces, 0. J. {1) and Bolafos. J. {2)

(1) Dniveraidad SimSn Bollivar, Depacrtamento da Eatudics
Arhientales, Valle de Sartenejas, Caracas. (2} Servicio Autdnomo
PROFAURMA [MARNR), A.P. 3685, Cacacas 1010A, Venezvela. Fax +58
43 835264

Here we present the inventory of the aquatic mammals
deposited in venezuelan tmgeums. Data were cbtained from 1l
collactions. At the momant, thers are 1% Sirenian and 85
Cetacean specimena, The only Sirenian is the west indian manatea
{Trichechus manatusl}. Catacean species are rapresented as
dascribed  below. COOWIOCETI: 15 Sotalia fluviatilis, 13

Delohinus delphis, 12 Inia geoffrenais, 11 Steneila frontalis, 4
1 5.

5. longiroatris (previously identified as S. atrenpatal, I S.
attenuata (previously identified as S. frontalis), 1 Sktenella
4 Globicephala macrochynchus, 1

sp., 9 Tucsfops truncabus,

Pseudorca crassidens, 1 Orcipus occa, 1 Gramous driseus, 1
Physeter macroceochalus, 1 Ziphid (Ziphius cavirosbtris?):
MYSTICETI: Balaenoptera edeni, 1 B. physalus apd 4

unidentified whales. Though it cannot be used as a zelative
density index, the most rcepresentative species wvere Sotalia
fluviakilis, Delphinus delohis, Inia geoffrensis and the baleen
Whale Balaenoptera edeni. According to the present work, at
least 15 Cetacean apecies have been reglstered in Venezuela. Qut
of Balaenopteridae, Lthece are no more baleen whale families
represented in venezuelan collections More field research is
cequired to evaluate the current status of veneruelan cetaceans.

MINERAL CONTENT OF SERUM IN CAPTIVE AND WILD AMBZONIAN MANATEES
w1l F.c.M. Rosas?, and Kesa K, LehtiZ

caixa Postal 38, 69470-000 Tefe
Caixa

Marmoncel,
lgaciednde Civil Mamiraua,
AM, Brazil; 21nstituto Hacional de Pesquisas da Amazonia,

postal 478, 6%011-970, Manaus RM, Brazil

Blood was sampled from 5 wild and up to 10 captive
Amazonian manatees. Wild animals were caprured at Eatacao
Ecologica Mamiraua in mid-1994 as part of a radio-tagging
program. Caprives are maintained at INPA, on a diet
conaisting mainly of Brachiaria mutica, cabbage and lettuce.
and were sampled 3} times between 1992 and 1993,
Approximately 10 ml of blood were obtained from the palmar
side of the pectoral flipper, centrifuged at 3000 rpm for
10-15 minutes and treated either with TCA or diluted with
de-ionized water. Serum samples were analysed for zinc,
magnegium, manganege, iron, sodium, calcium, copper and
potassium. 2inc, copper, manganese and sodium levels were
gimilar between captive and wild manatees, but magnesium,
iron, potassium and calcium in wilds were considerably
higher than those of captives. The results suggest that the
diet of the captive animals needs improvement in magnesium,
ircn, potassium and calcium. A geficiency of calcium may
cause fertility problems in herbivores; the lack of success
in reproducing Amazonian manatees in captivity may be due to
this mineral deficiency. We believe this information can
contribute towards the knowledge of the nutritional status
of manatees and lead to a detection of nutritional
deficiencies of captive animals, if blood tests are carried

out periedically.

CAN COASTAL MARINE MAMMALS SURVIVE IN TROPICAL
WATERS? DUGONGS IN AUSTRALIA AS A CASE STUDY.

Marsh, H.

Department of Tropical Environment Studies and Geography, James Cook
University, Townsville, 4811, Australia.

Most tropical coastlines are bordered by less developed countries and are
suffering from the impacts of rapid population growth, habitat degradation
and high fishing effort. In contrast, Australia is a developed country witha
relatively undeveloped tropical coastline some of which is protected by
marine parks and world heritage areas and with a refatively low human
population. However, aerial surveys conducted since the mid 1980's indicate
thet dugong-numbers are declining in parts of {heir Australian range. Inthe
southern half of the Great Barrier Reef region, dugang population estimates
have declined from 3847 + s.e. 459 in 1986 10 1750 £ 257 in 1994. In one
bay adjacent to a military training area where gill-netting was the only
anthropogenic impact, dugong numbers declined from 765+ 161 in 1986 to
301 % 87 in 1994, In Hervey Bay, dugong numbers declined from 1466 £
326 in 1988 to 92 + 53 in 1992. This loss was assotiated with the dicback
of 1000 km? of seagrasses apparently due to sedimentation from the
synergistic impacts of a cyclone, & flood and inappropriate farming practices.
A total of 82 carcasses were tecovered, many snimals left the ares. This
failure to maintain dugong numbers in parts of Australia- suggests that
prospects for the survival of coastal marine mammals in other parts of the
tropics was bleak. .
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SIRENIAN FEEDING BEHAVIOR: A COMPARISON OF MANATER AND
DUGONG FEEDING MECHANICS

Marshall,” ¢ B;~and Reep, R.L.

Departmant of Physiological Sclencas, Univeraslty of Florida
Gaineavilla, FL 32810-0144

Siranians possess an unuaual cral anatemy and asasocciated
behavior that ls related to thelr aquatic herghivory. A
aystematle study of sirenlan feeding behavior, focusing on
the use of perioral bristlas, was conducted con 11 Florida
manateea, two dugongs, one Antillean manatee and one
amazonian manatee., Feeding trials involved a plece of
plexiglass with holes drilled at 10 cm Intervals to sacure
aquatic vegetation on which the animals fed. The cyclic
movement of the lips, 3jaws and vibriasae during feeding of
all sirenians in the study was compared. In general, all
manatee apecles showaed similar feeding behavior in that the
two large bristle fields on the upper lip act in a
prehenaile grasping motion in a lateral teo medial direction
in conjunction with the large bristle field on the lower
lip. The dugong feeding ¢ycle 13 oppoalte to that found in
manatees; the entire upper llp (including homologous bristle
fields} undulates in a medial to lateral direction with
relatively leas prehensile action. Also, captive manatees
at Lowry Park Zoo in Tampa, FL and Homosassa Springs State
Park in Hompsassa, FL and Sea World of Florida were fed a
variety of freshwater vegetation and seagrass over a ten
week period to test our hypothesis that Florida manatees
manipulate vegetation differently depending on morphology of
plants. Preliminary analysis shows that manatees manipulate
Hydrilla, Vallisneria, and Syringedium in declining cyclic
rates. Supported by NSF grant 8NS5-512045 to R.L.A.

CLONING AND EXPRESS1ON OF MANATEE IMMUNE CELL HARKERS
McGuire, P.M. and Bradley, J.L.*

Department of Biochemistry and Molecular Biology,
University of Florida, Gaipesville, FL 32610 and
*Lake City Community College, Lake City, FL 32025

The endangered status of the Florida manatee has
focused a great deal of interest on its biology and
medical management. One goal is to develop reagents to
assess the health of individuals. In this regard, an
ELISA is being developed to guantify manatee immuno-
globulins. In addition, flow cytometry has been used to
sereen hundreds of monoclonal antibodies for orthologous
molecules on manatee lymphocytes. Although a number of
positives have been found, to date none have identified
T helper (CD4+) or T cytotoxic (CDE+) cells. One option
is to produce manatee-specific monoclonal antibedies to
these markers. As an alternative to this labor-intensive
and stochastic process, genomic and cDNA sequence data
for the CD8 gene were retrieved, aligned, and examined
for regions of homology. PCR primers within the second
exon were used to clone manatee sequences and express a
CD8 polypeptide. Antibodies to a manatee-specific product
can be tested for binding to lymphocytes. Positive
results will allow guantification and isclation of
manatee impune system components. This approach may prove
generally.useful in providing spacies—spacific reagents.
{This work was supported by the State of Florida
Department of Environmental Protection.]

CHARACTERIZATION AND EXPRESSICN OF THE INTERLEUKIN 2 GENE
FROM THE FLORIDA MANATEE, TRICHECHUS MANATUS LATIRCSTRIS
McMahon, B.J., King, M.A., Ness, T.L., Cashman, M.E.,
Bradley, W.G., Reynolds, J.E. and Roess, W.B.

Eckerd College, St. Petersburg, FL 33711

Pollution of wvarious types, other formas of hakitat
destruction, and injuries from watercraft are among the
poesible stresses to Florida manatees, Trickechus macatus
latiroatrie. Such stresses can impair imoune svatem
function in & number of ways. Since the cytokine,
interleukin 2 (IL-2), plays a key role in an organism’s
cell-meadiated immune response by stimulating
proliferation of helper T cells and activating cytotoxic
4 cells, our research focussed on characterxization and
expresgion of the IL-2 gena of the manatee. Employing
techniques of genetic engineering, the IL-2 gens was
amplified, cloned, and sequenced from complementary DNA
{cDNA). The CDNA wam then transfected into an African
gresn monkey cell line (C0S-1) to produce large amounts
of the IL-2 protein. A biocassay confirmed. the preeence
of bioactive IL-2 in the CO0S cell media. We ars
attempting to develop assays from the recombinant manatee
TL-2 to help monitor the immunocompetence of manatees and
contribute to their conservation. We alasc are working to
sequence and express other manatee cytokine genes as well
as tha genes £from other marine mammals.



METABOLIC CAPABILITIES AND THE LIMITS TO THERMONEUTRALITY IN JUVENILE
AND ADULT WEST iNDIAN MANATEES (Trichechus manelus)

Miculka, T.A. and Worthy, G.AJ.

Physiglogical Ecology Research Lab, Marine Mammal Research Program, Texas ARM
University at Galveston, 4700 Avenue U, Bidg, 303, Galveston, TX 77551 USA

Available data suggest (hat the West Indian manateo has a low motabalic rate.
Because these data are fow in number and are based upon @ nerrow mass range, wo
have underiaken & multhyear investigation to examine the matabolic capabilftizs of 2
broader range of animal sizes. Manatees often shaw an nabillty to withstand decressed
veater tomperatures during winter months, frequently resulting in more/@es. Smaller
animals would be expacled to be most affacted by thesa cold stress stuations.

Thres animals, (A: 247 kg, B: 410 kg, C: 831 ky), housed at Lovary Park Zoo In Tampa,
Florids ware studied during the month of March, 1594. Standard metabolic rate (SMR)
meazurements wera collected in a Now through resplrometer while holding en antms! ina
temparature-conirolied channsl, with water Initlally set within the presumed thermonewtret
zene. Oxygen consumption was snatyzed via a stbsample of ak iaaving the doma, Direct
heat flow measurements were afso collacted from si points on tha animals body.,

The results thus far show that animal A, the smallest and youngest, consistently ran st a
Hhigher matabolic rate than the two larger ones. Mass specific metabolic rates were 0.74
Wkg™ (A); 0.26 Wkg™ (8); and 0.32 Wiy (C). These values are B8%, 35% and 47%,
respactively, of Kleibar's prediction for an adult mammial of similar size. Conslstend with
other young mammals, manates A has a matabolic rate approximately twice that of the
aldor animals. Manates B showed no increasa in metabolic ratg in water temperatures
ranging from 18° to 28*C. Heat flux measurements Indicate a low rate of heat transfer
regardless of waler termperature. Collactively, the values for adult snimals are consistent
“th previously published data for this speciss. However, In order to ensure future success
i husbiandry, rehabfiitation and reintroduction, we must gain a batter undersianding of the
refationship betwean matabolic fimits and body size, sspodially for noonates and Juvendes,

DWARFISH IN TWO ANTILLEAN MAMATEES FROM COLOMBIA
Milldn-sénchez, S. L., Montoya-Ospina, R. A.Y,
Mignucci-Giannoni, A. A.' and Williams, E. R.%

'Red Caribefia de Varamientos « taribbean Stranding Hetwork,

PO Box 38030 San Juan PR 00937 and *Departmant of Marine
Sciences, University of Puerto Rico, PO Box 508 Lajans, BR DOSET

In March 1991, two Antilloan manatees (Trichechusr manatus
mapatysj, & 163 on female and & 210 cm male, were accidentally
captured by fishermen in the town of Magangué, Colembia. ‘The
animals were rescued and placed in a man-made remervoir in the
town of Pinto. Exanined in 1992 and 1993, both animals wera
utiuzually short and stout for their age and morphologlically
appearad to be dwarfed. They had hepatic problems indicated by
abpormal blood serum levels and possibly hypothyroidism and/or
hyperparathyroidism and mecondary renal preblem. In 1895, the
total body length for the fomale was 176 cm and 211 o= for the
male, a growth of 13 c@ and 1 e in length, respectively in
four years. Manatess in similar semicaptive conditions in
Colombia normally averaged higher grewth rates. Serum chemin-
try analysis and thyrolid profiles were normal. Howevar blood
cell counte indicated they had microcytic hypochromic anemia.
Both animals ware place under veterinary treatment on July
1995. Possible ressons for this unususl slow growth rate
include (1) nutritional deprivation or disorders, (2} hormenal
inhibition due to casual exposurs to a herbicide used in farms
around the semicaptive lake, and {3) a genetic condition.

A EMVIRONMENTAL EVALUATION OF PAREDES SWAMP (COLOMBIA, SOUTH
AMERICA) AS A POTENTTAL HABITAT FOR WILDLIFE WITH EMPHASIS OX
WEST INDIAN MANATEE {Trichechus manatus).

Hontenegra, M.I.

Corporacion Hylea. Calle 123 No. &0&\—4} Apto 310: A.A. 56512
Santafé de Bogotd D.C. Colombia, Suramérica.

This work compiles the results ebtained from information since
November, 1993 to February, 1995, to define the potential of
Paredes swamp, as a West Indian Manatee (Irichechus manatus)
habitat, through the evaluation of physical, ecologxcgl and
cultural parameters, This study is based on limnological
analysis, identification of mquatic vegetation, carrying capaci-
ty of swamp, evaluation of human activities around the swanp,
cultural and environmental history snd evaluation of general
status of manatee population in the area. .

A populatfon cloge to 25 individuals was estimated, includlng
mothers and calves. The carrying capacity of Paredes swanp is
sufficient for estimated population. The principal problem is
the deterioration of swamp surroundings that Lnereases the
sedimentation rates and preduces the migration of fauna popula~
tion to search deeper areas with more food availability.

As a contribution, this work proposes a Regional Plan for
Manatee Conservation, based in ecological and cultural
perameters, identified during this study. It is important the
envitommental -¢onscicusness of local settlers, with specisl
emphasis on manatee conservation.
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STATUS OF THE ANTILLEAN MANATEE {TRICHECHUS MANATUS
HMANATUS) IN COLOMBIA: A PRELIMINARY REPORT
Montoya-Ospina, R. A.' and Caicedo, D.?

Red Caribefla de Varamientos » cCaribbean Stranding
Network, PO Box 38038 San Juan, PR 00937 and
*Ministerio del Medio Ambiente, Carrera 8 #15-73, piso
10, santafé de Bogotd, Repiblica de Colombia

Systematic distribution surveys of the manatea
{Trichechus manatus manatus) in Colombia have only
recently been started by Colombia‘s Ministry of the
Environment. However, the pregsence of manatees has
been confirmed by captures and sightings in the Carib-
bean basin and the Orinoco Basin. ‘he data avajlable
since 1986 shows a total of 43 manatees were captured
by fishermen, although more captures prebably went un-
noticed. From these, 20 animals died, 1 was released
and 22 were rescued, including two erphans, all cur-
rently under medical and husbandry care by the Carib-
bean Stranding Network. Informal interviews ravealed
that hunting is reduced to specific regions, and ism
apparently accidental. Large animals are killed and
the meat 13 shared among locals or is sold in the
town's market at low prices. The more easily handled
calves are kept alivae ag pets under extremely poor
husbandry conditions. Although illegal hunting conti-
nues to represent a threat to manatees in Colombia,
habitat destruction duye to land-£illing for agricul-
tural and cattle-raising purposes, increased human
settlement near river areas, and polluticn, represent
more complex threats to the survival of the species.

ADRENAL CIRCULATION DY THE FLORMDA MANATEE, {RICHECHUS

Mota, Mario J. .
Univernity of Central Florida, Department of Biclogy, Orlando, FIL, 32816

This is the first study on the anatomy of the circulatory system of the edrenal
glund in the Floride manstee, Trichechue manatus latirostris. Adrenals are vitsl to
maintain physiclegical levels of mineraicorticoids that control blood pressure and
electrolytes; glucocorticoids that have an anti-inflamatory potency, and regulata
earbohydrate, protein and lipid metabolism; and catecholemines that arg involved in
emergency responses. Hecause endocrine glands are dependent on blood to deliver
their secretory products to target Hasues, blood Now has the poteatial to directly after
adrenal secretion. Adrenals wers collected from aix fresh manatea cereanses, by the
Florida Department of Environmental Protection (PRT773494), Glands were injected
with a dye thet permitted separate visualization of the cortical and medullrry
direulation, sectioned, and stained with hematoxylin and eorin or Gomori’s trichrome.
Using light microscopy, serial sections were examined to follow the origin, course and
distribution of specific vessels to develop the description of the adrenal dreuletory
system. Adrenal arteries enter the capsule and form a plexus which supplies blood
to the capaule snd to the cortex. Blood drains through the cortical sinuses and at
the cortico-medudlary junction, a large spidery capillary draina blood directly into tha
medulls. From the capsule. medullary arteries branch and transverse the cortex
undisturbed to the medutla, where they fow into its sinuses, Thus, the medullu
receives blood directly vie medullary nrteries and frotn the cortical sinuses. A
portal system wes not scen between the cortex and medulla. The venous system
consists of the cortical efffuents that drain into the medulla via venules. Thesp
venules agglomerate into [arger vessels which combine and exit as the adrenat vein.
Manatee adrenal circulatory anatomy is characteristically mammalian. The gland i
supplied by arteries which divide into separate cortical and medullary crculatory
systems. Abundent blood flow serves to speed entry of secretory products into the
syatemic circulstion. The description of the adrensl vasculature serves as o
foundation for futurs research inveatigating the unique mechanisms used by the
adrenal cortex and medulla to regulate blood flow and sscretory activities,

.Osmoregulatory Endocrinology Of Free Ranging And Captive West
Indian Manatees {Trichechus manstus)

ortiz, R.M,, G.A.J. Worthy, and D.S. MacKenzia'.

Marine Mammal Research Program, Texas Ad&M University-Galveston,
77551 and ‘Texas A&M University, College Station, 77843

The ability of West Indian manatees (Trichechus manatus
latirestris and T. m. manatual to inhabit both fresh water [fw]
and marine habitats presents an interesting model to sptudy the
question of osmoregulation in amirenians. Flasma and urine
samples were cbtakined from captive and free-ranging manatess in
both fresh and salt water (sw) and analyzed for electrolyte,
esmelarity and osmoregulatory hormone levels. Hormenal .
respenses to changes in salinity were evaluated by switching
four animals between fw and aw. In order to determine the
tolerance of manatees to an oamotic challenge, five animals
were maintained in a strictly marine habitat with limited
access to fw. Data for wild, sw manatees suggests that
ineidentally ingested or dietary salt loads may have been
sufficient to alter plasma osmolaritiea and electrolytes,
Captive snd free-xanging animals exhibited andocrine
adjustments in vasopreasin and aldosterone which aerved to
conserve water in sw and Ha' in fw. A significant correlation
between aldosterone and plasma renin activity levels suggests
that the renin-angiotensin-aldosterone axis is a functional
mechanism of Ha' regulation in these animals. Cortisol levels
remained unchanged for animals maintained in a strictly marine
habitat. The apparent lack of dehydration in wild animals
exposed to a marine habitat suggests these manatees can
maintain proper water balance.



A COMPUTERIZED PHOTOCD-BASED IDEHTIFICATION SYSTEM FOR MANATEES.
osborn, R. G. and Beck, C. A.

KRational Biological Service, Hidcontinent Bcological Science
panter, 4517 McMurray Avenue, Ft. collins, €O BOS25 and Natiooal
Biologlcal Service, Southeastern Biclogical Scisnce Center,
girenia Project, 412 NE 16th Avenue, Gainesville, FL 32601.

The documentation of individual Flerida manatees (Trichechus
ua la } based on unitque featuras has besn a major tool
of manatee regearchers for nearly 40 years. To help manage &
growing cataleog of over 14,000 sighting records for over 1,000
individual manatees, an updated computerized PhotoCh-bagad system
wag daveloped using Kultimedia Toolbook for Windows. The Manatee
Individual Photo~identification System {MIPS) acceases separate
database. tables containing each individual’s unigue identity
information, feature codes, glghting data, and lmages. Imagen
congist of photegraphs, taken from enhancad, high-resoclution
PhotoChs and compressed as JPEG files, snd hand-drawn composite
feature sketches, scanned as bitmap files. By entering one or more
fpature codes, locations, or specific identification numbers, or
names, the osystem provides a 1lpt of known individuals that
poneibly wmatch a newly photographed manatee. Yor each possible
mateh the nama, sex, complete feature 1ist, and eighting hintory
are dioplayed, while the composite sketeh and images are rapidly
perused. ARy candidate manatees may be retained while additicnal
individuals are selected by other feature codes or location
gqualifiors, PhotoCD offers the flexibllity to ilnexpensively update
imagas as features change, while JPEG compression provides quick
access and display of any image in the catalog on & 4B6/66 perscaal
computer. The KIPS is providing valuable, long-term data on
habitat use, site fidelity, movements, and reproduction traitse, and
is the basls for current redearch on estimation of aurvival rates.
The MIPS databage framework and software ils easily adaptable and
may be used in other studlies whara rapld ldentification of many
individual animale is needad.

INTERSPECIFIC GENETIC DIFFERENTIATION IN SIRENIANS
parr, L.A. and Duffield, D.A.
Portland State University, Portland, OR 97201

Interspecific patterns of mitochondrial DNA
sequence variation were examined among the four living
Sirenian species (tha manatees, Trichachus manatus
latirestris, T. manatus manatus, T. senegalensis, and
T. inunguis; and the dugong, Dugong dugon}. HNo
varimtion in 300 base pairs (bp) of cytochrome b
gequence was found among the manatees saquenced.
Analyais of 200 bp of the hypervariable control region
raevealed a low level sequence variation (average 2.5%
bp} between the subspecies T. manatus manatus {the
Antillean manatesa) and T. manatus Latirostris (the
Florida manatee). The Amazon manatee {7T. inunguis)
appears to ba the most darived of the three manatee
specles, and T. senegalensis {the West African
manates) and T, manatus, phenetypically the most
similar, also show the least sequence divergence. The
dugong and manatea show a 50% sequence divergence in
the hyperveriable region, indicating, as expected, a
long period of avolutionary isolation.

AERIAL CENSUS OF MANATEES IN NORTHEAST FLORIDA, 1991-1995

Pennington, 1.k, Brooks, W.B., Ir., Ackerman, B.B., and Clifton, K.B.

Elorida Deparioient of Envimonmenta) Protectdon, Florida Marine Research Instituie, 5825
Baymeadows Way, Jacksonville, Tl 32256

Distribution pf e West Indian manatee (Trickechus manatus) in Norheast Florida is
influeisced largely by water temperature. Fhree acrizl survey projects were designed 10 census
postians of the waterways of northeast Florida 1 determine manatee distribution, minimum
population size, and preferred habitar. Year-round distribution has not been adequately
docamested i this reghun in recent years, The twice monthly surveys were flown in a Cessna
172 high-wing airptane or a Robinsan Beta 22 helicapier, and cabcentrated on the shareline and
shallow water habitais.

Study | {n=45 flights) covered the Intracoasial Waterway, its trit and the h
vezan waters in St Johns, Flagler and Volusia Counties between March 1991 and November
1993. A toial of 775 manatees (8.0 % calves) were sighted, with counts from @ o 53 manatees,
Study 2 {n=23 Nights} covered the 5t Jubns River and its tcibuaries in Duaval and porntions of
Clay and St. Jolus Counties tetween May 1993 and May 1994, A total of 919 manatees (8.1%
calves) were sighted, with counts from 0 10 102 manaiees. Study 3 (n=25 Nights) covered the
St. Julins River in Clay, St Johns, and pontions of Doval and Putnam Counties between June
1994 aud Jume 1995, A total of 1005 manalees {4,4% calves) were sighted, with counts from
0 to 124 nuanatees, No manatees were seen on the majority of the December-February flights
in all 3 siudies.

These 1 studics presedt a comprehensive picture of the seasanal migration of manatees in this
region of Flisrida amd fndicate thay water temperature limits winter use and plays a major role
in ihe | distribwiion of in Norheast Florida, The high percentage of
motierfealf pairs in the tribwaries indicates the impumance of thesc hahitats. The tributary
canfleences are also high usc areas. Based on the high number of manatees documented during
the warm moisths, the 20 ks streich of the St. Johns River from Mulberry Cove and Goodby's
Creek south 1 Black and Julington Creeks is one of the most impanant manlee areas in
worthieast Florida and warrants significant protection,
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FIRST REPORT OF WINTER AGGREGATIONS OF MANATEES AT WARM
MINERAL SPRINGS, FLORIDA

Pitchford, T.T. and Wright, 5.D.

Florida DEP, Florida Marine Research Institute

100 Eight Avenue S.E., St. Petersburg, FL 33701

Ground counts of manatees, Trichenchus manaius, aggregating in the runoff
from Warm Mineral Springs, Florida were conducted from December 1993
through April 1995, Highest single-day counts were recorded in January, 1994
(=25} and February, 1995 (n=21). No manatees were detected during the months
of April through November of any year. Photographs of individually
recognizable manatees aggregating in the spring run were assembled into a
catalog and analyzed to determine resightings within and between winter seasons.
Thirty-thres recognizable individuals were cataloged.  Ten manalees
photographed during the winter of 1993-94 were resighted in the spring run
during the winter of 199495, Resightings of recognizable manatees throughout
a single winter season suggest that many of these animals averwinter in the spring
run. These data offer important insights into alternate wintering locations for
manatees in southwest Florida and should be considered in the development of
management strategics.

ABUNDANCE, DISTRIBUTION AND CONSERVATION OF MANATEES IN THE
BANMANA RIVER, FLORIDA, 1977-1935.

provancha, J.A., Provancha M.J., Reddick R.A.

NASA, Dynamac Corporacion, DYR-2, Kennedy Space Center, FL 32839.

The northern Banana River, remaine the primary aggregation
site for manatees {(Trichechus manatus} along Florida's ecast
coast. Long term monitoring of manatee digtribution and
abundance in these faderal waters has continued for nearly two
decades.

Systematic aerial surveys ovar the 75 km2 study arxea are
conducted on a biweekly bagis and indicate that the animals
consistently uge specific sections of the river while other
sections experience high denaities intermittently. The genexal
upwaxd trend reported in the 1980's continuad into the 1350'sa,
with the maximum number per survey of 366 animalsa.

A section of the arez has been closed to boating for 30 years
A second gection wag recently (1990) closed to motorized
watercraft (boats are responsible for a considerable proportion
of manatee mortalities in Florida). A small poxtion of the
remaining area ip open to all boats. An evaluation of the daca
uging ArcView software was performed to dotarmine if manates
abundance increased after the implementation of this management
practice. Data for the summer aeason only were analyzed for
trends over a 5 year period. A pignificant increase {r2=0.94} in
manatee abundance in the newly non-motorized zone was found with
the mean density per flight increasing steadily each year. A
significant increase {r220.74) was seen in the section that has
been eloged for 30 years, and a glight, but insignificant
{p3z0 08). incraase occurred in the motorized zome.

CHANGE DETECTION TECHNIQUES USED TO ASSESS MANATER FORAGING
EFFECTS.

. Provancha, M.J., Provancha, J.A. and Lefebvre, L.W.

Dynamac Corp., DYR-2, Kennedy Space Center, PL 328959, Naticnal
Biclogical Service, 412 NE léth Ave., Gainemvills, PL 32601

Seagrasges and algae (SAV) provida the dominant forage for
manateas slony the east coast of Florida. The standard methods
for mapping SAV include labor intenmive interpretation,
classification and digitization of aerial images. A pilok-project
to reintroduce previcusly captive msnatess by a step-down proceas,
ineluding acclimation to encloeed seagraze mendows, has bagun.
The project affords cpportunities to evaluate several questions.
1his report focuses on the frequent mapping required for esch of
the enclosurea to aspist in determining changes cauned by feeding
activity. The study site consisted of three, 0.6 ha snclosures,
two coneidered treatmencs (manatees) and one & control {no
manatees). bLarge scale, 1:1000, true color, astrial imagery was
ohtained for pre and post release of manatees into the enclosuras.
fmages wers hoth manuelly interpreted and pcanned to parform image
analysis for delineation of SAV distribution and cover categorims.
rield datn included the pre and poat sampling in each enclosura
along 4 permanent transects for SAV species composition and
percent cover, RAdditional groundtruthing waa required after
photoe were manually interpreted. The combined data were used to
sssens the accuracy of the manually interpreted imagery and
evaluate those classifications performed via computer image
procenaping teckniques. Regults suggest that computer procensing
techniques efficiently provide a reasonable description of SAV
changes in these shalluw water fornging sites.



PERIORAL BRISTLES AND HAIRS IN THE FLORIDA MANATEE
Reep, RL., Marshall, C.D. and Stol], M.L.
Department of Physiclogical Sciences, Univ. of Florida, Galnesville, FL. 32610

We have identified six ftelds of perioral bristles {modified vibrissae) in the
Florida manates, four on each side of the upper lips and oral cavity (U1-U4), and two
(L1-L2) on each side of the lower jaw, inside the oral cavity and rostral to the homy
pad. The U2 group is of particular interest due to its useina prehensile grasping
fashion during feeding behavior. The bristles number 112 per side on average, with
an average of 25 per side for the U2 group. Branches of the infraorbital nerve
terminate at the bases of the fargest bristies (U2 group) on the upper fip, while the
inferior slveolar nerve supplies the bristles of the lower lip pad. Branches of the
facial nerve were found to innervate the associated musculature which 1s likely to be
involved in bristle eversion,

Manatees have a relatively high density of hair In the faclal region, much of
which is bristle-fike, intermediate in thickness between normal body hair and the
pericral bristles. It is concentrated tn the oral disk, which is involved in the flare
response seen during phase 1 of the feeding cycle, and thesa bristle-like halrs appear
to be used in tactile exploration. We have examined 12 postmortem manatee heads
in order to quantify the distribution of hairs and bristle-fike hairs in the face area.
The face rostral and caudal to the coronal ddige was marked in a grid of 2x2 em
squares and all hairs counted. There was an average of 1102 halrs per face, with no
difference between the upper/lower {normal haie /bristie-lika) or right/left t?alves.
Although there is & large range of values for total hait number (829-1455), hair
density decreases as a function of facial area (body size), following a Znd degree
polynomial curve (‘st.lm. o

Supparted by NSF grant BNS-9120450 to R.L.R., the UF College of Veletinary
Medicine, and the Florida Department of Environmental Protection.

PISTRIBUTION OF RADIO-TAGGED MANATEES IN RELATION TO NERR-SHORE
HABITATS AT ROOSEVELT ROADS NAVAL ST?TIOR, PUERTO RICO

Reid, J.P.°, C. Kruer®, L.W. Lefebvre , H.I., Kochman', W. Martinez’

‘Hat. Blological Service, 412 NE 16th Ave., Reoom 250, Gainesville,
YL 32601; * Caribbean Fisheries Consultants Inc., P.O. Box 420334,
Summerland Key, FL 330432; 1.5, Navat Station Rocsevelt Roads,
Environmental Engineering/PWD, Box 1021, Ceiba, PR GO73S

panatus mapatus)
Ap of June 1995,
ovar

Since 1992, eight Wast Indian Manatees (Trlchechun
have been radic tracked Ln eastern Puerto Rico.
satellite-monitored tranomitters have providaed
wanatee/years of location data for these individuals.

Station (RRNS).

Iresh water.

habitar type denge seagrass, patchy or

{e.g.
battom/reef habitat).
channels, and bathymetry (6, 12,
Overlays of manatee locations

and 18 foot depth contours).
{highest precision

habitat type.
associated with shallow-water seagrass beds at RRNS.

for habltat assemsment, land-uae planning, and rescurce management.

Future research will examine the relatlonship between manatee
location data and the extensive seagrase heds arcund Vieques
this study im suppeorted

Island, 10 km to the east of Puerto Rico.
by funds from the Hational Blological Service and the U.§. Havy.

EXTRACTION OF DNA FROM ARCHIVED MANATEE SAMPLES
Rudin, M., Lenahan, C.,
HeGuire, P.H.

University of Florida, Gainesville, FL 32610 and
‘Red Caribefi= de Varamientos, San Juan, PR 00937

Studies of population genetic structure

methoeds for template extraction.
capture.

populations often have archived bone samples.

existing extraction protocols.

rethods have been examined,

results,

nontraditional samples can be used to

analyses. [Acknowledgments:

of Florida Department of Environmental Protection. ]

eight
Locations
detsrmined by patellite and VHE radio tracking have identified
high-use areas, mostly centered around the Roosevelt Roada Naval
Visual observations of tagged manatees have
documented sltes used for feeding on seagrasnes and drinking of
Recent color aerial photographs (1:9,600} of RRNS
provided by the U.S. Navy were interpreted to produce digitized
waps of banthic communities that ware ground-truthed te verify

discontinucus

seagragf, @parse seagranss, wacroalgae, bare subptrate, and hard
Also digitfzed ware shorelinen, dredged

catellite~
determined locations) depict manatee use areas and correspondling
Locations of tagged manatees obmarved feeding are
These mapa

will be added to existing digital habitat mapas of RRNS to be used

Mignucci~Giannoni, A.A.®, and

by BNA
fingerprinting and/or sequencing require reproducible
Hany protocols are
available for DNA isoclation fron traditionally archived
semples such as necropsy material or blood following
In the cagse of the manatee, a less invasive
method for sampling freeranging sanimals is by tail
biopsy. In addition, geographic regions without current
Both of
these nontraditional samples require modification of
Five DNA extraction
In addition to determining
the yleld of DNA and estiwating its purity spectroscop-
ically, each sample was examined for template efficiency
with elther mitochondrial and/or nuclear PCR primers.
Regults demonstrate which method gave the most consistent
¥ielding PCR products for both nuclear and
mitochondrial DNA appropriate for sequencing. Thus, these
delineate
haplotypes in D-loop sequences and for microsatellite
the Caribbean Stranding
Network, the National Biolegleal Service, and the State
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A MFRRISN OF GROWTH PATES AOG WEST INOLRE MARTEE CALVES,
TRICHIHE MMATLS LATTROSTRIS (Lézpens)
Shepiro, S.L. ard Mxris, J.G.

Flarids Institute of Techology, 150 W, University Blwi., Mellourne, FL 32901

Grouth raten of 'Weat Indian rmntee calvea, Trichecius ronatus, eithar boen ee o
mmwm.mﬁmmmmmmmwmmm
in waight over tims. wunhmhmdividﬁm&twmtmiu: nrging
cnly, boetle-fod only and mawing + bottle-fed, Mnirels presatly residing st tta
Sexyperivm were walged monthly from il -Dooerbar, 1995, Waights &om all cthexr -
ramstess waty corpiled from their reasds, Niraing enly snimls grined an acversem of
A6 kg/day, whlle numing + bottle-fed monatess gained an sversge of .53 hprdey,

In sharp corfrast, Iottle—fed only calves gained m avmrge of 220 kg/Gay. Tha
bottleFed enly animale wavw wrighed msch rove Eroquantly and thair swerdge daily
welght-gnin roflects daily weight fluctmbions, Mrsing only ealves, n the cther
hard, ware selghed ap Infrequently as aoe per 3.5 yeers.

The regressicn eguations caladated for esch ontagry were all highty signifizme
{pm.001), Twogh aralyzis of cowrisnes, 18 was disccowred that ther sepamato
rogressien lires for musing enly, boetle-fod enly snd nursing + bottle-fod did e
ditfer simnifioantly in slepe (p=.001). Howrser, when sga was held arstant, thewe
were gigniticant differences (p=.001) in weight arng the tices akerien,

Data enllscted as of this weiting indicate that the gresth mte of nosing cndy
Mhﬂimm(nmndbymiambqirwmmatmtﬂyﬁsc
[-5F Howroar, the grodth rate of bottle-fed cnly calves sppears to incroass o
agroedrately 300 dy, perheps to cnpersate for & significantly slower growth
rate (p=.01) in the Eirse 300 doys of life.

THE CHARARCTERIZATION OF MANATEPR KIDNEY EPITHELIAL CELLS
Sweat, J.M., Dunigan D.D, and Wright s.D.

Florida Department of Environmental Frotection, st,
Petersburg FiL 33711, and University of South Florida,
Tampa FL 33620

The Florida Manatee Trichechus manatus datirostrig is
a herbivorous marine mammal which inhabits the coastal
waters of Florida. To better understand disease
pathogenesis in manatees, in yvitro studies utilizing
kidney cells were initiated, Kidney tissue was
collected from a calf (MSE9504} during necropsy leas
than 12 hours post mortem. Characterization of manatee
kidney epithelial cells (MKE) has included morpholeogy,
linenge determination, growth rate, seeding efficiency,
a2nd serum dependency assays.,

HMKE cells have a polygonal shape and clearly defined
edges demarcating an advancing monclayer. A mouse IgG,
anti-Pan cytokeratin as a primary antibody and a goat,
anti-mouse IgG (Fab specific) secondary antibody,
conjugated to flucrescein isothiocyanate [(FITC), was
used to demonstrate cytokeratin expression. A growth
curve seeded at 1 X 10 cells/ml, revealed a lag time of
3 days,_a logarithmic growth period of 5 days, a
population doubling time (PDT) of 43 hours, and plateau
at day 8 with 1.68 X 10! cells/cn?. a seeding efficiency
assay revealed 95 to 97% at the fifth bassage. WHWith
reduced or ne serum supplementaticn, cells did not grow
well and the cytosol was vacuolated and tenuous.

RESIGHTINGS oOF PHOTOGRAPHICALLY DISTINCT MANATEES (TRICHECHUS
MANATUS LATIROSTRIS) IN SOUTHWREST FLORIDA
Tarr, 5.P.' and Koelsch, J.X.?
Florida Dapartment of Environmental Protection, 100 Bth Ave.
!SE. St. Petersburg, FL 33701-509%
B‘P;c!tse Marine Laboratory, 1600 Thompaon Parkway, Sarasota, PL

Many Florida manatees {Trichechus menatug latirostris) are
pPhotegraphically distince, bearing scars and mitilations caunad
by boat propellars and entanglements. Over time, resightings
of recognizable individuala provide information on manatee
mavement patterne and habitat uee. Scar photes contribute to
data on radio-tagged manateen by providing a #ighting history
for animals newly cagged and movemmnt updates for manatees no
longer taggad. The Manatee fndividual Photoldentification
System [MIPS), an image eguipped computer database, allows
operators to compare featurses of manatees to disvinct animals
in the database and recommends possible matches. At least two
q-ua;ifiedhnbaervers mueat confirm a match.

. Oor this atudy, we compared photogra hically o
individuals observed winterrinsg (Decimbei‘g-nal;ch) iny l:hein'l&:':;;:
Bay area from 1983 to 1935 to animals seen in other areas of
southwest Florida from 1977 to 1995, Mest  individuala
exhib:ltet; winter site fidelity, although movemant between
aggregation sites during both a single geason and over multipie
seadons was documented, Some animals #lao exhibited summer
{J_\pnl-Novemberl site fidelity, Additionally, some manatees
wintering in Tampa Bay shared summer aites with animala
wintering at other weat coant aggregation aitaa.



CREATION QF THE FIEST MARINE MAMMAL OSTEOLOGICAL
COLLEQCTION FOR PUERTD RICO AND ?HE VIRGI@ ISLAND%
Toyas-Genzdlez, G. M. ', Mignuccxvciannom..la‘ A. .
pérez-Padilla, J. ‘, R. A.' and

willtiama, E. H. .
‘ned Caribefla de Varamientos « Caribbean stranding

Network, P. ©. Box 38030 San Juan PR 00937,
’Depaxtn{enr. of Marine Sciences, University of Puerto
Rico, P. Q. Box 908 Lajns PR 00667

Wontoya-0spina,

1llection of osteoclogical remains of marine
nn;r;salc; provide a source of valuable infc_:rmaticn for
researchers and is often used for academic :gaching
and education. In order to ereate a collection to be
used for these purposes as part of the University of
puerto Rico Biology Museum, marine mammal skelatal
remains were collected from stranQed animals in waters
of Puerto Rico and the U, §. Virgin Islands between
1989 and 1%95 by the caribbean Stranding Network. A
total of 53 specimens from puerto Rico and the virgin
fslands are at present catalogued i;} the collectian,
including 25 Antillean manatees (Trichechus manatus
manatus), 27 cetaceans and 1 phocid. Of these, 3o are
complete skeletons, 12 are partial skeletons, and 11
are skulls only. Additional osteological material was
obtainad from other localities in the Un5l.t:ed States
and the caribbean to augment the esollection, including
10 odontocetes, 4 mysticetes {baleen), 2 Florida
manatees, 2 phocids, 3 pttarids, and 3 sea oLLars.

PESTICIDE RESIDUES IN THE FLORIDA MANATEE, TRICHECHUS

MANATUS LATIROSTRIS
van Vieet, E.S. and Ames, A.L.
University of South Florida,
Science, 140 7th Avenue South, St. Petersburqg,
33701

Porty~five tissue samples, consisting of fifteen
iiver samples, nineteen kidney samples and eleven
blubber camples from the Florida Manatee, i
manakues , were analyzed usingy gas
chromatography and combined gas chromatography/mass
spectrometry for a variety of chlpr;nated
hydrocarbons. The tissues were also examined for
petroleum hydrocarbons, but none were found.
resticides {o,p~DDT, o,p-DDD, hexachlorobenzene and
lindane} were detected in all three tissues, but they
were found most freguently in the liver and kidney.
However, due to the low fraguency of observed
pesticides, their concentrations could not be related
to age, sex, length or the geographic location where
the manatee carcasses were recovered. One female
perinatal manatee from Sea World had elevated
concentrations of lindane in the liver and o,p-DDD in
the kidney, suggesting that the pesticides found in
this mnimal were transferred from the mother prior to
birth.

Department of Marine
Florida

MANATEE FECAL REPRODUCTIVE HORMONE CONCENTRATIONS
vandevalde, 1.L., T.S. Grosa, R.L. Reep and D.X. Odell
University of Florida, Galnesville, FL 32610 and Sea World
Inc., Orlando, FL 32821-8097

tittle i known of the Florida manatee's raproductive
phyaloleogy ahd hormonal cycles. Our long-term objective of the
current study is to track reproductive hormonal concentrations
{estrogens, progastercne and testosterone) of individual
manatees over time. Some questions of interast arca: how do males
detoct females in estrus; do manataed have a noh-reproductive
season during the winter; and are there pther related hormones,
such as chorlonle gonadotropin, thac may ba used to datect

’ pregnancy. Current efforts to validate fecal hormone analyses

for these hormones are underway. Physiological differences
between aduit males and other florids manatees have been
detected for fecal testosterone. The average ceateoaterone
immuno reactivity for adult malea Ls 76.4 ng/g, juvenile malex
7.67 ng/g and females 4.83 ng/g. Currently the facal
progesterone asaay doe3 not show differences batween pregnant
and non-pregnant animals. Enzymes will be employed to enable
meadurement of progestezone conjugates and an antisera for
pregnanediol glucoronide wlll ba urilized. Fuzther collectiona
are underway to aid in the refinement of tha fecal aatrogen
sssay to detect periods of estzua.

The reaults of this study will enhance
manatee mating behavior and reproduction.

Supported by NSF grant BNS-9120450 to R.L.R. and The Living
Seas Epcot, Sea World, Miami Seaquarium, Lowry Park Zoo,
Homosassa Springs State Park, Wational Biological Sarvice and
Department eof Environpental Protection.

our understanding
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DEVELOPMENT OF NON-INVASIVE BODY CONDITION INDICES FOR
THE FLORIDA MANATEE (Trichechus manatus latirostris}

Ward, L.1.", Torres, 11.2, Worthy, G.A.J.?, Wright, §.D.

'Florida Department of Environmental Protection, St, Petersburg FL 33701
Wniversity of South Florida, S1.Petersburg, FL 33701

*exas A&M University, Galveston, TX 77551

Total length, girths, and dorsal blubber thickness {measured with ultrasound)
were used to assess body condition of Florida manatees. Measurements were
made on capfives held at oceanaria, free-ranging animals (restrained briefly
during tapping operations) and carcasses of recently deceased manatees.
Captive animals and carcasses were weighed. Girth/length relationships were
not strongly predictive of reproductive status, However, blubber thickness
varied with reproductive status and sex in free-ranging animals longer than 235
cm, and was greatest in pregnant females, followed by lactating females, and
then males. Blubber thickness was generally greater for long-term rehabilitated
caplives than for free-ranging manatees. Body condition of rescucd emaciated
manatees was significantly poorer than that of apparently healthy animals of
similar lengths. Predictive models were developed to use easily collected
morphometric data to predict weight and o interpret body condition of free-
ranging healthy manatees. The data are less clear than is the case for pinnipeds
which have temporally and spatially distinct feeding and breeding,
Nonetheless, the manatec models would be useful to help assess whether free-
ranging individuals are undemourished and may require care, and to suggest
whether rehabilitated captives have adjusted properly following reintroduction
1o the wild.

GIS ANALYSES FOR ESTIMATION OF MANATEE HABITAT
UTILIZATION AND MIGRATCRY CORRIDORS

Weigle, B.L. and Fiamm, R.O.

Florida Department of Environmental Protection, St. Petersburg, FL 33701

A five-year manates telemetry project was initiated by FDEP in 1991 on
Florida’s west-central coast, Through July 1995, 48 manatees were tagged and
tracked. We evaluated location data to estimate habitat utifization and migratory
corridors. Location data were primarily acquired from transmitters monitored
by Service Argos receivers on NOAA TIROS satellites. Biologists also used
sateflite locations and each tag's VHF signals to locate manatess and make
visual observations of habitat use and behavior while acquiring additional
environmental data. ARC/INFO GIS software was uvsed to map location
coordinates. ARC macro programs were developed to connect sequential
location points while keeping the movement track in water using GRID
cost-path surfaces weighted for bathymetric preferences. Time between locations
was apportioned equally among cells along the cost-path and grids were built for
total ime spent in each cell, number of visitations to each cell, maximum single
visitation time, and sum of squares of visitation times. Focal filters were applied
to the grids to smooth the surfaces. The resulting grids permitted high-resolution
estimation of preferred habitats and migratory corridors for individuals, sexes,
and reproductive classes, Maps that depict habitat use in three dimensions, with
accumulated time as the z-axis and habilat characteristics draped aver the model,
can be used by managers as another ool to protect components of the marine
ecosystem essential to the recovery of the endangered Florida manatee.

AERIAL SURVEYS OF MANATEES IN TAMPA BAY, FLORIDA
Wright, LE!, Reynolds, LE,, IIF, Ward, L.1!, Weigle, B.L.,
Ackerman, B.B!, and Szelistowski, W.A!

"Florida Department of Environmental Protection, St. Petersburg, FL
33701 and *Eckerd College, St. Petersburg, FL 33711

Fixed-wing aerial surveys of manatees were conducted monthly in
Tampa Bay, from November 1987 through October 1992 and from April
1993 through May 1994. The purpose of the surveys was to establish a
long-term database for assessing trends in abundance, reproductive

erformance, and habitat use. Data was incorporated into a Geographic
nformation System to analyze and map seasonal density estimales and
spatial distribution patterns, Tampa Bay is the largest estuary in Flarida.
¢ human population of the three counties bordering the bay has grown
by nearly 24%, making it the nation's third fastest growing metrapolitan
area. Despite this urbanization, the past decade has seen improvements
in Tampa Bay's water quality and bottom coverage by submerged aguatic
vegetation, a primary {food source for manatees,

A total of 5,358 manatee sightings was recorded during 88 surveys.
Counts were significantly higher in the "cold” season (Dec.-Feb.) {F-test,
p<0.0001) than in the "warm" (Mar.-Nov.) season. There has been an 8%
annual increase in the number of manatees at winter aggregation sites in
Tampa Bay, the maximum single day count was 19%.5 Warm season
counts have remained relatively canstant, at a mean of 51, but habitat use
patterns have shifted somewhat between years, likely due to changes in
the density and distribution of seagrass beds, Regulatory measures for
manatee protection need to protect habitats used consistently or .
predictably by manatees, but should also be flexible enough to
accommodate seasonal or annual changes in manatee habitat use.
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downlisting of the Florida manatee to a less endangered status.

The issue of downlisting should, in principle, be easy to dismiss. The revised Florida
Manatee Recovery Plan (1996 version, due to be published in a few weeks) states that
"downlisting should be comsidered when ... the population is growing or stable, when
mortality factors are controlled at acceptable levels or are decreasing, and when critical
habitats are secure and threats to them are controiled or decreasing.” Of these three criteria, it
is obvious that the latter two are not likely to be met in the foreseeable future: human-caused
mortality continues to rise, and the threats of human population growth and development
pressures are anything but "controlled or decreasing." In practice, however, only the first
criterion readily registers in the public consciousness, where higher manatee counts necessarily
mean a recovering population.

Sometimes, however, one problem is solved by another; and the misleading press
coverage of the January and February surveys was fortuitously swept from the headlines by the
disastrous manatee dieoff in March. For the moment, this antidote of well-founded alarm
seems to have taken effect, but spells of complacency are bound to recar. When they do - and
whenever any of us has occasion to communicate with the public or the mass media on these
issues - we need to emphasize as strongly as possible the following points:

1. The statewide synoptic surveys provide only-minimum counts, not estimates of the total
population; they are extremely sensitive to weather conditions and cannot be
compared statistically with each other or with estimates derived from other
techniques.

2. While it is possible that the total manatee population in Florida has increased, it is
more certain (and more significant) that increases have occurred in precisely those
areas where manatees are best protected, while in areas of lesser protection there has
been little or no increase (and none that is likely to be sustained).

3. We can take no comfort in any numerical increases that have been achieved, because
the protective measures that made them possible are approaching the limits of
political acceptability, while the threats to manatees only increase and can be
expected to wipe out the recent gains, For this reason, no talk of downlisting the
Florida manatee is even remotely justified. _

4. The manatee population is still small in absolute terms, and always vulnerable to
unexpected catastrophes like the March 1996 dieoff - especially when, as in this case,
the victims are predominately adults in their prime, which are the animals most
essential to survival of the population. When some 2% of that population can be
wiped out in one such event - over and above all other sources of mortality - there is
ample cause for concern about the species’ future.

Not all these points are easy to make in sound bites, but this is the message we urgently

need to get out. - DPD

DEATH REPORTED
Jesse R. White, D.V.M.

Dr. Jesse White, well-known marine mammal veterinarian, died on 23 January 1996 at
his home in Dunnellon, Florida, at the age of 61 years. A native of Oklahoma, he received his
D.V.M. degree from Texas A&M University at ‘College Station in 1962. He served as Staff
Veterinarian at the Miami Seaquarium, 1967-86, and Marine Mammal Veterinarian for the
Florida Department of Natural Resources, Homosassa, Florida, 1986-87. In 1984, he founded
the Florida Manatee Research and Education Foundation, an organization for which he always
served as Director and President. He was an Adjunct Professor at the College of Veterinary
Medicine, University of Florida, 1983-87, and Clinical Professor in the Department of Smali
Animal Medicine at the same institution from 1987 until his death. He received several
lifetime achievement and conservation awards from professional associations, and was the first
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