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Abstract The Antillean manatee Trichechus manatus man-
atus is categorized as Endangered on the IUCN Red List but
little is known about the status of the species in Cuba.
Marine protected areas can contribute to manatee conserva-
tion in Cuba but the effectiveness of these areas may be jeo-
pardized by a lack of information regarding appropriate
design and management. We developed an index of mana-
tee occurrence in the Fauna Refuge Ciénaga de Lanier, Isla
de la Juventud, to assess patterns of manatee use in the re-
serve. We completed  field trips during November –
October , with a total of  survey days. Manatee pres-
ence was detected on % of survey days and in % of field
trips;  individuals were recorded in  sightings. The
index of manatee occurrence varied between trips, suggest-
ing a discontinuous use of the area. Themean group size was
. individuals (range –), and calves were observed in %
of sightings. Observations of manatee behaviour, occur-
rence and habitat characteristics indicate the importance
of the study area as a resting place, refuge and source of
fresh water. We recommend that manatee protection be
strengthened to avoid human-related mortality and to en-
sure that the habitats that provide critical resources are
given special consideration in future management plans.

Keywords Antillean manatee, conservation, Cuba, habitat,
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Introduction

The Antillean manatee Trichechus manatus manatus is
categorized as Endangered on the IUCN Red List

(Self-Sullivan & Mignucci-Giannoni, ) and faces a var-
iety of threats from human activities and natural events.

Although manatees have protected status in most of their
range countries, enforcement of regulations and scarcity
of information continue to be a challenge to their conserva-
tion (Marsh & Lefebvre, ). The creation of protected
areas is an important tool for manatee conservation; how-
ever, the effectiveness of these areas is often questioned.
Many are considered to be paper parks (i.e. protected
areas that exist in name only), with no measurable impact
on conservation (Marsh & Morales-Vela, ). Important
aspects that must be taken into account when designing and
managing effective protected areas for manatees are the
identification of critical habitats, such as breeding and feed-
ing areas, and the distribution and magnitude of threats
(Marsh & Morales-Vela, ).

A group of marine protected areas has been established in
Cuba as part of a national system of protected areas.
Management plans for some of these marine protected
areas include manatees as a key species for conservation
(Centro Nacional de Áreas Protegidas, ). However,
there are not adequate data to understand and evaluate the
effectiveness of these protected areas and their contribution
to the protection and survival of this species. Some marine
protected areas and their contribution in Cuba are not
officially approved, lack administration, and have poorly im-
plemented enforcement, which suggests they may not be
effective in supporting manatee conservation. Our study
area, Ciénaga de Lanier, is categorized as a Fauna Refuge in
the Cuban national system of protected areas. One of the
management goals is to protect themanatee population; how-
ever, no information is available regarding how manatees use
this area. In addition it is unclear whether critical habitats for
this species are included within the boundaries of the marine
protected area. Thus our aimwas to determine how this habi-
tat was being used by themanatees, and to study the influence
of abiotic and anthropogenic factors on manatee occurrence.

Study area

The study was conducted in Ciénaga de Lanier, a RAMSAR
site (Wetland of International Importance) and Fauna
Refuge (Fig. ). The area has not yet been legally designated
but is recognized nationally within the Cuban system of pro-
tected areas (Centro Nacional de Áreas Protegidas, ). It
occupies a total of , ha, with a marine area of c. , ha
(Centro Nacional de Áreas Protegidas, ).
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The study area is located in the western drainage of a
wetland ecosystem that extends from the west to the east
of Isla de la Juventud and encompasses several coastal
lagoons and mangrove creeks (Fig. ). The dry season is
during November–March and the wet season during
April–October. During the wet season freshwater outflow
from land is significant, thus increasing the availability of
fresh water in the immediate vicinity of this wetland
(Instituto Cubano de Hidrografía, ).

Methods

Boat-based surveys

We conducted boat surveys to search for and record the
presence of manatees (Smethurst & Nietschmann, ;
Castelblanco-Martínez et al., ). Lagoon systems, man-
grove creeks and coastlines were surveyed at a speed of –
knots, with at least four observers constantly searching for
manatees and floating faecal material. Faeces were collected
and recorded as indirect evidence of manatee presence.

For each sighting we recorded the location (using a global
positioning system), time, number of individuals, presence of
calves, behaviour, temperature and salinity of bottomand sur-
face waters, depth and sea state (Beaufort scale). Multiple in-
dividuals were defined as a group when the distances between
them were similar to the mean length of an individual (c. .
m;Auil, ; Reep & Bonde, ). Individuals smaller than
half the size of an adult and observed in close proximity to

an adult, usually displaying synchronized breathing, were
recorded as calves (Irvine & Campbell, ).

Manatee faecal samples often float at the surface and can
remain identifiable for up to  days (Hartman, ), depend-
ing on the weather, sea conditions, salinity and the presence of
other animals that might feed on them. The complexity of the
shoreline in the study area (e.g. many creeks and lagoons)
probably limits drift movement of faecal samples, and there-
fore we used the presence of faecal samples as an indicator
of manatee use of the area in cases where they were not asso-
ciated directly withmanatee sightings. The numbers of mana-
tee sightings (s) and faecal samples (f) were used as an index of
manatee occurrence (IMO= (s + f)/survey time) and as an in-
dicator of the use of the study area by manatees. We also cal-
culated this index for the number of faecal samples (IMOf = f/
survey time) and the number of sightings (IMOs = s/survey
time) separately.

We categorized our observations of manatee behaviour as
follows: resting (no movement), feeding (inferred if manatees
were observed swimming in circles in an area with abundant
vegetation, and sediment was detected in the water column),
socialization (a group of manatees splashing, swimming in
circles or exhibiting friction between individuals), and direc-
ted movement (Irvine, ). This last category included
manatees that were observed swimming or showing a re-
sponse to an approaching boat (Nowacek et al., ). This
type of evasive behaviour was identified by a noticeable in-
crease in swimming speed, and changes in orientation and
in the distance between individuals (Nowacek et al., ).

FIG. 1 Ciénaga de Lanier
marine protected area (shaded
area in inset), Isla de la
Juventud, Cuba, where
monitoring surveys were
carried out during –
to assess patterns of use by the
Antillean manatee Trichechus
manatus manatus.
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Evaluation of temperature, salinity, and human impact

Twenty-onemonitoring siteswere pre-established tomeasure
water temperature and salinity at surface andbottom, ambient
temperature and wind speed (km h−). Temperature and
salinity were measured (± .°C and ± .%, respectively)
using an EcoSense instrument (YSI Inc., Yellow Springs,
USA). A Kestrel gauge (KestrelMeters.com, Birmingham,
USA) was used to measure wind speed and ambient tem-
perature (± . km h− and ± °C, respectively). Wind speed
was used in an assessment of the sea state on each trip,
according to the Beaufort scale (, ripples with appearance
of scales; , small wavelets, crests of glassy appearance, not
breaking; , large wavelets, crests begin to break, scattered
whitecaps; , small waves, becoming longer, numerous
whitecaps). Salinity records were used to assess the avail-
ability of fresh water at monitoring sites – because these
were located inland and were influenced by an adjoin-
ing swamp (Fig. ). Rainfall data were obtained from the
Meteorological Institute at Isla de la Juventud.

We recorded the presence of boats in the area and used
this as an indicator of human use. When possible we also
recorded the types of fishing gear used, as well as the num-
ber of people on board. The human impact was assessed as
the number of boat encounters per day.

Data analysis

We tested data for normality, and compared survey effort
(survey time) over the study period. We used the Kruskal–
Wallis ANOVA and median test for surveyed years, and the
Mann–Whitney U test between seasons. A Spearman rank
order correlation was used to determine the influence of
the abiotic variables and human presence on the index of
manatee occurrence during wet and dry seasons separately.
We also compared the index of manatee occurrence among
years using a Kruskal–Wallis ANOVA.

Results

Survey effort, sightings and index of manatee occurrence

We completed  trips, comprising a total of  boat survey
days, during November –October . The survey
time effort (H = ., P = .; X = ., P = .) remained
consistent over the years. There was a significant
difference in the survey time effort within each year
(U = , P = .), with more data recorded during the
wet season.

We covered a total of , nautical miles in  hours
over  days (Table ). We recorded manatee presence on
% of survey days and in % of trips. Up to  manatees
were recorded during  sightings. Our survey methods did

not facilitate identification of individuals, and therefore ab-
solute abundance estimates are not available. We counted at
least five individuals in July : a mother and calf and a
group of three adults. Eight individuals were observed in
one day in January . They displayed synchronized sur-
facing, ensuring that we did not count the same individual
twice, and were separated by .  m.

There were significant differences among the studied
years in the index of manatee occurrence based on sightings
and faecal samples, as well as that based only on sightings
(H = ., P = ., and H = ., P = ., respectively).
Fig.  shows an increasing trend during –. The
index of manatee occurrence based only on faecal samples
remained stable (H = ., P = .).

Two prominent peaks in the index were observed, in
January  and January , which corresponded with
a decrease in the ambient temperature as a result of cold
fronts (Fig. ). The highest value (.) occurred during
the dry season in January , when the lowest air tempera-
tures were recorded (°C) and there was a higher number of
sightings ( sightings,  individuals). Manatees were de-
tected in waters up to °C warmer than the mean near-
coastal water temperature, which was c. °C. These warmer
waters may be used by manatees as a thermal refuge during
cooler weather.

Variations in the index of manatee occurrence were ob-
served during the wet season, associated with the availability
of fresh water (lower salinity) and sheltered sea conditions.
No correlation with environmental variables was detected
during the dry season (Table ).

Temperature, salinity, and human impact

Fresh water was available in the superficial layer of inland
waters. The mean surface salinity during the study period
was . ppm, and the mean surface salinity during the dry
and wet seasons was . and . ppm, respectively. The sal-
inity of ,  ppm recorded during some of the trips high-
lights the importance of the area in providing a freshwater
resource (Table ).

Water (surface and bottom) and ambient temperature
declined during the dry season (November–March;
Table ). The minimum surface and bottom water tempera-
tures recorded were  and °C, respectively. The max-
imum mean temperature recorded was °C. Some areas
showed a temperature inverted halocline (Stith et al.,
), such as is commonly used by resting manatees in
Florida for passive thermoregulation. At sites –, which
were close to the swamp, the temperature of the bottom
water exceeded the surface temperature by up to .°C.

We encountered  boats during the study, representing
. boats per day. Of these, % were non-motorized or rus-
tic boats (made from palm trees). Tuna, fin-fish and lobster
fishing boats comprised .% of the boats recorded.
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TABLE 1 Survey effort, Antillean manatee Trichechus manatus manatus information (no. of sightings, percentage of sightings with calves, no. of individuals, no. of faecal samples) and abiotic
variables (air temperature, water temperature at surface and bottom, salinity at surface and bottom, rainfall, sea state) recorded during  trips to the Ciénaga de Lanier marine protected area,
Isla de la Juventud, Cuba (Fig. ), during –. Mean salinity was recorded only at sites – (Fig. ), to assess the presence and fluctuation of fresh water at the sites close to the swamp;
mean temperature was recorded at all monitoring sites. Blank cells indicate missing data.

Survey effort Manatee information Water temp. (°C) Salinity (%)

Year Month

Distance
(nautical
miles) Time (h) Sightings

% sightings
with calf Individuals

Faecal
samples Air temp. (°C) Surface Bottom Surface Bottom Rain (mm)

Sea state
(Beaufort
scale)

2007 Nov. 50 16 1 0 3 1 26 0
2007 Dec. 34 8.3 1 0 1 0 5.0 64
2008 Jan. 33 9.7 1 0 1 0 22.9 23.7 5.5 33.0 3.3
2008 May 72 13.8 3 0 3 0 29.7 30.2 29.9 32.3 33.5 61.6 3
2008 June 46 14.8 0 0 0 28.4 29.6 29.2 31.0 33.3 117 3
2008 Dec. 28 5.4 1 0 1 0 25.4 24.2 25.1 8.4 32.1 11.0 4
2009 Jan. 21 3.7 2 0 4 1 12.7
2009 May 48 8.7 0 0 1 29.5 29.4 35.0 35.2 144 3
2009 June 39 13.1 1 0 1 0 28.7 30.1 30.4 29.9 30.8 281 2
2009 July 112 30.0 5 60 13 1 31.7 31.3 31.4 10.4 31.6 120 2
2009 Aug. 108 26.0 4 0 4 3 31.7 31.0 31.1 14.4 30.4 69.0 2
2010 Jan. 38 10.0 13 0 20 0 16.9 19.6 22.2 8.6 33.2 25.6 4
2010 June 62 20.4 5 0 5 0 32.6 30.1 30.6 26.3 32.7 232 3
2010 July 185 59.2 14 0 15 1 32.4 30.7 30.7 4.1 21.9 141 1
2010 Aug. 68 20.5 8 12.5 9 1 26.7 31.2 31.6 2.5 17.7 218 1
2011 Feb. 44 11.2 2 0 2 0 34.6 27.7 26.0 13.2 34.0 3.0 1
2011 July 250 69.4 4 0 8 4 32.3 30.9 30.6 8.4 22.6 547 3
2011 Aug. 78 22.8 0 0 3 33.6 30.6 30.5 2.4 14.8 391 2
2012 Feb. 44.6 11 1 0 1 0 27.4 25.8 26.6 27.1 33.2 62.8 3
2012 June–July 119 31 7 33.3 10 4 32.4 30.1 30.2 2.3 15.7 272 2
2012 Aug. 46 14 2 100 6 1 31.1 29.7 30.6 4.1 28.9 131 2
2012 Nov. 27 7.5 3 33.3 3 0 26.7 24.6 25.7 7.8 18.2 5.3 3
2013 Mar. 21 4 3 66.7 7 0 27.6 24.9 24.5 32.3 33.3 48.3 2
2013 June 19 4 1 0 1 3 30.7 29.3 29.3 1.5 7.6 587 2
2013 July 123 29 7 14.3 11 2 32.0 29.7 29.5 1.4 4.2 255 2
2013 Oct. 25 7 4 0 4 0 26.0 27.7 28.4 1.5 17.5 214 A
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Group size and behaviour

Solitary individuals comprised % of all sightings, and the
majority of pairs comprised a mother and a calf. The mean
group size for all surveys was . individuals (range –).
Calves were observed in % of sightings. Mother/calf
pairs were observed during seven of the  survey trips,
but during the last  years of surveys mother/calf pairs
were observed during % of the trips (Table ).

In % of sightings manatees were observed swimming or
responding to the survey boat. The latter categorywas assigned
when the manatees displayed behaviours such as swimming
into deep areas; a prolonged surface breath followed by a pro-
longed dive; fleeing the boat; a rapid increase in swimming
speed, using the tail and causing a body wake or water splash;
and separation and dispersal of manatee groups.

Feeding and resting behaviour was observed in  and %
of sightings, respectively. Feeding was observed in areas
dominated by Thalassia testudinum, with some patches of
Halodule wrightii. Resting manatees were detected in one
of the widest creeks in the area, near several small springs
(in proximity to Site ; Fig. ).

Discussion

Habitat suitability

Availability of fresh water is important for manatees (Marsh
et al., ). The reliable availability of fresh water and scar-
city of periods when the water temperature was , °C in-
dicated suitable habitats for manatees in the study area.
Habitats with a temperature inverted halocline, as recorded
in the study area, can provide a warm salty bottom as a ref-
uge for manatees during cold weather (Stith et al., ).

The incidence of boats in our study area (. per day)
differed significantly from that recorded in Tortuguero
National Park, Costa Rica, for instance, where  boats
were recorded in a period of  hours (Smethurst &
Nietschmann, ). The boats we observed were used to
catch fish for consumption (especially rustic boats used by
local people) or bait for fishing, and were anchored at night
and during bad weather. There is not a major commercial
fishery in the area. There was no evidence that these boats
pose a significant threat of accidental death as a result of col-
lision or entanglement in fishing gear. However, anecdotal
reports suggest that fishers may take manatees opportunis-
tically as a source of animal protein. Human presence in the
study area was low during the surveys, and therefore we con-
clude that the risk of human-related mortality is probably
minimal. Nonetheless, poaching activities have been re-
ported, and the remains of three manatee carcasses were
found during the -year study period. The presence of poa-
chers is poorly regulated because of the absence of a local
administration office in the protected area and the lack of
enforcement of existing regulations, and thus illegal hunting
of manatees continues.

FIG. 2 Yearly index of manatee occurrence, with standard
deviation, based on faecal samples and manatee sightings
combined, manatee sightings only, and faecal samples only, for
the Ciénaga de Lanier marine protected area, Isla de la Juventud,
Cuba (Fig. ), during –.

FIG. 3 (a) Index of manatee occurrence based on faecal samples and
manatee sightings combined, manatee sightings only, and faecal
samples only and (b) monthly mean ambient temperature recorded
in the Ciénaga de Lanier marine protected area, Isla de la Juventud,
Cuba (Fig. ), during –. The temperature data were
obtained from the Meteorological Institute of Isla de la Juventud.
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Manatee occurrence

The number of sightings and individuals, the index of
manatee occurrence recorded during the study period,
and the percentage of survey days on which manatee pres-
ence was detected indicate that manatees use this area but
not continuously. The fluctuating index of manatee occur-
rence and the lack of correlation between this index and the
environmental variables evaluated suggest that the study
area may be only a small fraction of the habitat range of
the individuals observed. The survey methods, physical
characteristics of the area, and evasive behaviour of mana-
tees decreased the detection probability, and are important
limitations in assessing the manatee population size in the
study area.

In comparison, the number of sightings recorded was
higher than in Costa Rica, where Smethurst & Nietschmann
() recorded  sightings during , person hours in 
surveys days (. sightings per hour) but did not collect fae-
cal material. De Thoisy et al. () recorded only  sight-
ings in French Guiana during June –June . In the
Orinoco River in Colombia Castelblanco-Martínez et al.
() reported a mean of . manatees per hour during
,. hours of observation. Manatees in the Orinoco
River live permanently in freshwater habitat far from the
ocean, and in certain periods of the year they are confined
to relatively limited areas (Castelblanco-Martínez et al.,
). Variations in the index of manatee occurrence sug-
gest that the movement of manatees in and out of our
study area is probably a regular occurrence. Food resources
such as submerged vegetation can be found throughout
Cuba’s aquatic habitats (Alcolado, ), which supports
dispersal of wildlife and wide-ranging habitat use.

The mean index of manatee occurrence per year in-
creased during – and again during –.
However, as we were unable to identify individual manatees
we could not determine whether additional individuals were

using the survey area or whether we were observing the
same individuals with more regularity. The discontinuous
use of the area within and among survey years suggests
that only a portion of the key habitats necessary for healthy
manatee populations are being protected within this marine
protected area. Adjacent habitats, including travel corridors,
need to be investigated to determine their importance
and possibly extend protection to facilitate manatee
conservation.

Strong cold fronts may increase manatee use of this
habitat, as observed during the winter survey in January
. Temperature as a limiting resource has been de-
scribed in detail for the Florida manatee Trichechus man-
atus latirostris, with some authors reporting that this
subspecies moves to warmer water when the air tempera-
ture drops below °C (Hartman, ; Marsh et al., ).
Stith et al. () reported that manatees in the Gulf of
Mexico shift to areas closer to shore when temperatures
drop below –°C. Manatees are sensitive to small
changes in water temperature within this range (Powell,
), so even in tropical regions water temperature
needs to be evaluated for its potential influence on their
movement and behaviour.

We found a significant negative correlation between
the index of manatee occurrence and salinity during the
wet season, indicating that lower salinity values resulted
in increased use of the study area by manatees. Manatee
distribution in tropical waters has been described as a
function of fresh water availability rather than tempera-
ture (Axis-Arroyo et al., ; Montoya-Ospina et al.,
; Auil, ; Olivera-Gómez & Mellink, ). We
found a significant correlation between sea state and
index of manatee occurrence only during the wet season,
and it is likely that sea state influences the probability of
detecting individuals.

Group size, calves and behaviour

The observed group sizes were consistent with reports from
Belize and Chetumal, Mexico, where most observations
were of solitary manatees; however, these areas presented
higher variability in group size (Morales-Vela et al., ;
Auil, ). In French Guiana and the Dominican
Republic, solitary individuals and small groups are most
frequently observed (Belitsky & Belitsky, ; de Thoisy
et al., ). We did not detect mating herds during our
surveys. The maximum number of manatees (n = ) per
group was lower than recorded in other studies outside
aggregation sites (e.g. eight in Miami, Reynolds, ); 
on the coast of Florida, Miller et al., ;  in the
Dominican Republic, Belitsky & Belitsky, ;  in Belize
and Chetumal, Morales-Vela et al., ;  in Belize,
Auil, ). The mean group size was similar to those

TABLE 2 Spearman rank order correlation (R) between the index of
manatee occurrence and the variables evaluated during  survey
trips in the Ciénaga de Lanier marine protected area, Isla de la
Juventud, Cuba (Fig. ), in wet and dry seasons during –
. Correlations in bold are significant at P. ..

Wet season Dry season

Variables R
No. of
trips R

No. of
trips

Air temperature 0.08 14 −0.17 7
Surface temperature 0.06 15 −0.03 9
Bottom temperature 0.17 15 −0.29 8
Salinity −0.64 15 0.10 9
Rain 0.18 15 0.16 11
Sea state (Beaufort scale) −0.53 15 −0.05 6
Human presence −0.22 15 −0.02 11
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observed by Auil () and Morales-Vela et al. () in
Belize and Chetumal, Mexico (n = .), and lower than
those reported for Florida (n = ., Reynolds, ; n = .,
Miller et al., ).

The presence of calves and the resting behaviour ob-
served in the study area may indicate the suitability of
these habitats as calving and resting areas, providing protec-
tion to mothers and new-born calves. In eastern Florida
Kinnaird () found that resting behaviour was most com-
mon in stream habitats. It is likely that in our study area
manatees travel frequently between resting and feeding
sites but we did not identify any pattern of daily movement.
The low frequency of observed behaviours may have been
biased by the high number of evasions recorded. It is pos-
sible that frequent evasive behaviour is a behavioural adap-
tation to hunting pressure, similar to that observed in Africa
(J. Powell & L. Keith, pers. comms).

Conclusions

The index of manatee occurrence indicates that manatees
use the study area in varying numbers during the dry and
wet seasons, but it does not provide abundance estimates.
Along with observed behaviours and habitat characteristics
it highlights the importance of the study area as a resting
place, a passive thermal refuge, a source of fresh water and
a possible nursery area. The absence of information on
manatee habitat use and numbers throughout Cuba makes
it impossible to compare the results of this pilot study with
other regions of the country but emphasizes the importance
of continued and expanded research on manatees in Cuba.
We recommend that manatee protection be strengthened in
the study area to avoid increased human-related mortality
and to ensure that the habitats and resources critical to
manatees (e.g. springs, sheltered creeks, sources of fresh
water, feeding areas and thermal refuges) are given special
consideration in future management plans.
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