included the Sabinal river mouth since the pollution and sewages it maintains seven adults animals
which varnies in size, ranging from 2.5 to 4.5 m of total length in no more than 100 meters.

Monthly diurnal and nocturnal visits were carried out. At the first ones, the nver was reviewed as
well as its shores looking for crocodiles at basking or visiting sandy areas for nesting proposes.
When the nests were located, the basic measures were took such as: date, location, distance to the
water, deep, circumference, incubation chamber temperature as well as environment temperature.
From each detected nest at the begging of the incubation (less than three days) were collected 10
eggs (leaving the rest of the eggs in the site), were identified and measured, transported in
polyurethane containers with nest material to ZOOMAT and were incubated artificially under
controlled conditions. During the nocturnal visits the mayor area of crocodiles activity was
ubicated and delimited. The countings begun one hour after sunset in a plane floor aluminum boat
four meters long with an eight horsepower outboard motor and a pair of spotlights counting the
animals eyes by reflection. Also temperature and water level were measured at the beginning and
at the end of the census. The site of capture was registered at the moment; cloacal, water and air
temperature were recorded with a Bravo contact thermometer. Total length, Snout - vent, head
length and wide, postoccipital, nuchal, dorsal, doble crest, single crest and lateral caudal scales
were measured in each crocodile. The captured animals were marked by cutting the scales of the
double and single crests, and were released in the same site. Both , the hatchlings born by artificial
incubation and the captured ones were transferred to ZOOMAT and were kept under stable
conditions of temperature. They were marked, fed every other day and monthly measured at
weight and total length. When they were one or two years old they were released in the areas with
better aquatic vegetation coverin the park.

RESULTS 16 visits were realized since March 31st 1995 and finished on March 18th 1996, 128
observations hours were recorded from which 65 were nocturnal. Were counted since 14 to 38
animals without include 1995 neonates or crocodiles released by ZOOMAT. The dates of mayor
countings were May 18th and September 6th 1995. 52.63% of the counted population is
conformed by adults (2m. or more}; 13.15% sub-adults (1.5-1.99 m.); 5.27% four years old (1.2-
1.5 m.); 15.8% two years old and 13.15% one year old. In other samplings, five different
specimens from 1992 class ( three years old) were counted but they were not seen in the biggest
sample from May 18th 1995 which was the one who we analyzed. 40 wild crocodiles were
captured, measured, sexed and marked from the following classes: 23 (1995), 9 (1994), 6
(1993), 1(1992) and 1 (1991), and released in the same place. Was very notorious that from the
total of all captured animals 37 were males and 3 females. Some adults crocodiles permitted a
good approach but we dont have experience enough to manage animals bigger than 3 meters.
Territoriality was observed in adults, sub adults and some juveniles because they were found in the
same places each sampling. Five active different nests were found. Three were found in 1995 and
three in 1996; one of them had repetition in both years. One nesting zone was common for three
females in the same year, the maxim distance among the nests was 15m. and the less 7.5m. (table
1). Laying date was from middle March to early April. Natural eclosion was from middle May to
carly June. In 1995, we collected 7 fertile eggs and incubated artificially at ZOOMAT; from these,
6 males hatchlings were obtained with normal characteristics and similar sizes 1o their brothers left
at the natural nest, the artificially incubated ones, born 4-6 days later. In 1996, 28 fertile eggs
were collected from 3 different nests and we expect their exclusion at early June, according to the
growth of the bands, the embryos develop correctly, the temperature was maintained constantly
between 29.5 t0 30.5 C during the first 45 days for increasing the female proportion
(Thorbjarnarson pers. comm.). Data of the collected eggs for artificial incubation and obtained
hatchlings in this procedure are shown in table 2, Thirty-five wild neonates were collected: 2 n
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1993, 7'in 1994 and 21 in 1995 to keep them for one or more years at ZOOMAT, all of them were
males. Their growth was constant but lower in 1994 and similar in 1995 to the shown by those
born in captivity ( Sigler in press.). In 1995, 9 crocodiles were released, they belonged to the 93
and 94 classes and were captured at boming in the study area and in 1996 25 from 95 class will be
released. From the 23 hatchling born in captivity from ZOOMAT parents , 11 were released in
1995 ( Sigler 1994) and 10 will be released in 1996. From the 18 recaptured crocs, 15 of them
were kept one year in captivity and released by ZOOMAT and the rest were wild animals. In
March 1995, the zoo was notified about the presence of a dead crocodile in the Sabinal river, due
to the moldering changes it could not be necropsied, however, her skeleton was conserved and
prepared for scientific collection. This 2.94m. adult female was about to laying because were
found more than 30 eggs, and in spite of our attempts to incubate them were not possible due to
their softy shell. During our visits, informal interviews were made with fishermen and boatmen
from the touristic cooperative, founding that the reproductive season and nesting sites were
unknown, but exist knowledge about eclosion time. They also reported the presence of some small
crocodiles extracted from the park and kept in captivity in some houses from the surroundings.
They have not had big problems with those animals by using the illegal trammel nets. The author
appreciated in the Sabinal river mouth a fisherman who crossed the river swimming in front of
three adults crocodiles and surprisingly was not attacked, this man argued that he never has any
problem with crocodiles and these animals are able to avoid the trammel nets when they touched
them with the top of the snout and retroceded.

DISCUSSION It is probable that population fluctuates around 80 animals, because the river
shores offer a very big vegetal floating coverture were some crocodiles could not be seen during the
samplings. Some crocodiles progress in the recognition of the spotlight at posterior captures, this
effect has made difficult our last samples, however is possible it can be useful avoiding human
predators. When the rainy season is present (J uly-September) the dam is carried down to Sm. less
of the normal level, this fact makes the animals be lack of hides during the samplings, but also
before their predators. It is possible that some hatchlings move to places beyond the Silence cave
dragged by the strong flow of the river in the rainy season and they be ubicated in the dam, area
still not monitored. The nesting sites availability is reduced because the river has not adecuated
beaches for the crocodile reproduction, the almost 25 km of the Sumidero Canyon are coffered by
the rocky walls and because that the crocodiles came out the Canyon and are located mainly at the
beginning of the park and at the end of the dam, these are places with high human pressure both the
animals as well as the habitats they occupy and indispensable they need.

CONCLUSIONS It is important to carry out for one more year this study to evaluate the survival
of the released animals which atterpt to be acceptable. During 1996, the feeding habits evaluation
will start. We consider important to manage the wild nests to orientated their production towards
the obtention of females and in this way nivelate the sex ratio in juveniles. This National Park in
considered a good place for releasing hatchlings born in captivity at ZOOMAT and dug to the
nearness with our facilities, we can give them a periodical monitoring. In the near future is
contemplated studying the population across the Grijaiva river, detecting the better populations and
suggesting to the settlers of each area, measures for living together and for touristic approachment
of the crocodiles.
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ABSTRACT

Since 1992 the Dominican Republic is carrying out a conservation project in Lago
Enriquillo, a hypersaline inland lake, where the country’s -only Crocodylus acutus
population is surviving. The population had declined from 300-600 adults in the early
1980s to some 200 in 1992, mainly due to illegal kKillings. The Dominican Wwildlife
Department (DVS), in charge of animal and plant conservation, developed an action plan to
secure the crocodiles’ survival and well-being. An inter-institutional executive council was
formed to plan and supervise the plan's activities. '

Because of the delicate state of the Crocodylus acutus population the council
decided in 1993 to take eggs to the Santo Domingo Zoo for a headstart program. In April
and May 178 eggs and 53 hatchlings were taken to the zoo. A total of about 130 neonates
were in the zoo by the end of 1993. Most of them died in 1995 due to severe internal

problems in the zoo.

In 1994 it was decided to translocate the hatchlings from the nesting beaches on the
istands to freshwater habitat along mainland shores, in order to improve survival rates. 255
hatchlings were translocated, after being marked. In Los Borbollones area some 20 % were
recaptured. Since post-hatching care is an important phenomenon in Lago Enriquillo
crocodiles, we are not sure if mortality was reduced significantly by our translocation
activities.

Growth rates in the juveniles were 30 to 35 mm per month. Mean weight gain in the
first year was 63 g/ month, in the second year about 200 g/ month.
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'RESUMEN

Desde el 1992 la Republica Dominicana esta llevando a cabo un proyecto de
conservacion en el Lago Enriquillo, un lago hipersalino en ¢l interior, donde la dnica
“poblacién del cocodrito americano (Crocodylus acutus) del pais sobrevive. Esta poblacion -
ha declinado de 300 - 600 adultos en los afios 80 a unos 200 en el 1992, sobro todo por
matanzas ilegales. El Departamento de Vida Silvestre, responsable para la conservacion de
animales y plantas, desarrollé un plan de accidén para asegurar la sobrevivencia y el
bienestar de los cocodrilos. Un consejo ejecutivo, de forma mter—mstttucmnal fue formado
para planificar y supervisar las actividades del plan de accion.

Por el estado delicado de la poblacion de Crocodylus acutus en el lago, el concejo
decidié en 1993 de llevar huevos al Jardin Zoolégico de Santo Domingo para iniciar un
programa de crianza en cautiverio. En abril y mayo 178 huevos y 53 neonatos fueron
lievados al zoologico. Un total de unos 130 neonatos estaban en €l zoologico a finales de
1993. La mayoria de ellos murio en el 1995, por fuertes problemas internos de la
institucion. ' '

En 1994 fue decidido trasladar los neonatos desde sus playas de anidamiento en las’
islas hacia los sitios de agua dulce en las orillas del lago, con fines de aumentar la taza de
sobrevivencia. Unos 255 neonatos fueron trasladados, después de haber sido marcados. En
el area de Los Borbollones un 20 % de ellos fueron recapturados. El cuidado que las
cocodrilas les dan a sus crias parece ser un fenomenon muy importante en el Lago
Enriquillo. Asi no estamos seguro, si la mortalidad ha sido reducida significativamente por
las actividades de traslado.

~ Las tazas de crecimiento de los juveniles eran 30 - 35 mm por mes. El promedio del
aumento de peso era 63 g por mes en el primer y 200 g por mes en el segundo afio.




INTRODUCTION

The American crocodile (Crocodylus acutus) was once abundant along much of the
Hispaniolan coastline (Descourtilz 1809, Moreau de St. Mery 1797). Today, in Haiti there
are only small populations along the coast and in Etang (Lake) Saumatre (Thorbjarnarson
1988); and in the Dominican Republic . aculus has only persisted in Lago Ennquitlo
(SEA/DVS 1993).

Lago Enriquillo is situated in the Neiba valley in the southwestern part of the
Dominican Republic, bordered by two 2000 m mountain ranges. It has a water surface of
about 200 km? , a length of 35 km, a width of 11 km and a maximum depth of 22 m
(Araguas et.al, 1993). There is one big island, Isla Cabritos and two small islands, La Islita
and La Barbarita. At the moment Lago Enriquilio has a salinity of 80 ppt (1996) and lies 40
m below sea level. The lake is a remnant of a marine channel that once divided Hispaniola
into two paleo-islands (Mann et.al 1984, Inchaustegui et.al 1978). The climate is semi-arid:
annual precipitation ranges between 470 and 780 mm and evaporation 1s estimated to
exceed 2000 mm. Mean air and lake water temperatures are approximately 30" C. Water
level, lake surface, and salinity vary significantly from year to year.

In the early 1980s the crocodile population of Lago Enriquillo was considered to be
the biggest and densest for the entire species, estimating an adult population between 300
and 600 individuals (Inchaustegui and Bautista pers. comm.). Between 70 and 112 nests
were found in the years 1977 through 1984 {Inchaustegui in SEA/DVS 1993).

Surveys carried out in 1990/91 by the Departamento de Vida Silvestre (Dept. of

Wildlife) revealed alarmingly low numbers of nests and of crocodiles seen. In 1992 Vida
Silvestre started the project "Study and Protection of the American crocodile”. Surveys
during the first months showed that the situation of the crocodiles was even worse than
expected. Few adults were seen along the coast. Despite intense searching only four nests
were located. Thereafter evidence of crocodile killings; bones, including smashed skulls,
human tracks, wooden poles and crocodile traps were found in many places (SEA/ DVS
1993, Schubert and Santana 1996).

A "Surveillance Plan" was established and implemented for the whole lake. An
“Action Plan for the Conservation of the American Crocodile” was worked out. It includes
five programs: 1. Surveillance, 2. [nvestigation, 3. Reproduction, 4. Public Relations and 5.
Resource Management. An interinstitutional "Executive Council® was created to plan and
supervise the activities. Members-of this council are representatives of the National Park
Directorate (DNP), the Wildlife Department (DVS) and the Santo Domingo Zoo
(ZOODOM). Grupo Jaragua (a national NGO) and the German Service for Development
(DED) are included as consuitants. The action plan is in its fourth year of implementation.
Human impacts on the crocodiles have - been reduced and public awareness improved
significantly; the crocodile population s increasing slowly. More than 200 aduits are now
estimated for the lake area.
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METHODS

Since 1993 all major nesting beaches have been patrolled every two to three days
during the egg-laying period (January through March). Nests were opened, and the eggs
were counted, measured and weighed, then put back in exactly the same position from
where they were removed. [n 1993, eight nests were reopened and the eggs were collected
and taken to the Santo Domingo Zoo, after having incubated two thirds of their required
time (a mean of 60 days). Once they arrived at the zoo, they were measured and weighed
and checked for overall shell appearance. Then they were handed over to the zoo
personnel. They were kept in an incubation room until they hatched.

Since 1993 was a good year for the crocodiles, in terms of reproduction and
stabilization of the population, the "Executive Council” decided for 1994, not to take eggs
or neonates to the zoo, but to evacuate them from nesting beaches, especially on the
islands, to freshwater habitat on the mainland. In April and May 1994 255 neonates found
on their nesting beaches were captured and taken to the mainland, where they were
measured, weighed and individually marked by cutting the tail scutes according to a
prearranged code. They were released in freshwater habitats along the northern and
northwestern shore on the same day or a day later in four different localities.




At the same time we started a capture - recapture program with neonates and
juveniles. In May and June 1994 this program focused on the neonates that hatched in the
Azufrada area. They were either caught the day after hatching or some days later. After a
break of three months, the capture - recapture program continued in September. Juveniles
from 1993 and 1994 were caught, measured, weighed, sexed, marked and released
immediately. Their position was mapped on small-scale maps (scale 1:20,000 m and
1:10,000 m).

RESULTS AND DISCUSSION

Nesting. In Lago Enriquillo nesting activities generally begin in January or
February. Most females frequently visit the beaches to select their future nesting site. All
nests are hole nests, excavated in the sand. Mean number of eggs is 22 per nest. The
srnallest nest recorded had nine eggs, the biggest 36. Clutch size does not vary significantly
between years or between nesting beaches. y

According to Fig. 2, the number of nests varied greatly between 1990 and 1996.
Due to severe human impacts only four nests were found in 1992. In 1993 and 94 the
number of nests went up to 36 and 48 respectively, then dropped again in 1995 to only 14
nests (SEA/DVS 1994b and 1995b). This year we have located 30 nests so far, and we
estimate a total of at least 40 nests for 1996.

—
Total Number of Nests in

Lago Enriquillo

Nests 1990 Nests 1992 Nests 1994 Nests 1996

Fig. 2. Number of nest in the years 1990 through 1996. The 1996 number is estimated,
based on 30 nest found after laying.




Nesting beaches. Some 32 km or 30% of Lago Enriquillo's coastline are sandy
beaches. However less than 5 km are used for nesting. There are seven major nesting
beaches in Lago Enriquillo, five of them of high importance with more than three nests per
year and two of lesser importance. In two further beaches nesting was recorded on only one
occasion. Four nesting beaches are situated on the islands. In the last five years a little more
than half of the nests were found on island beaches. From these beaches the neonates have
to cross up to ten km of the hypersaline lake to get to freshwater habitat on the mainland.

We assume that mainly human disturbances are the reason why Lago Enriquiilo
crocodiles tend to choose the islands for nesting. Killings of crocodiles and egg-robbing
were common before conservation measures were taken. On the islands, especially on Isla
Cabritos, human access 1s very limited.

Due to the very low reproduction success in 1992, the Executive Council decided to
take eggs to the Santo Domingo Zoo for artificial incubation in a head-starting program. In
April and May 1993 eight nests (22% of total) with 178 eggs plus 53 already hatched
neonates were taken to the zoo. At the end of 1993 the zoo had some 130 juvenile
Crocodylus_acutus in captivity. The head-starting program failed completely. In 1995 a
change of the zoo director led to severe internal problems, causing the death of many zoo
animals (see also last CSG Newsletter). More than half of the crocodiles died and the rest
are probably in a very delicate state of health.

In April and May 1994 255 neonates found on their nesting beaches were taken to the
mainland, only 42 neonates were left on the beach where they had hatched. Visiting the
same beach a day later we found that they had disappeared. In 1995 it was agreed not to
evacuate any neonates, however, due to a misunderstanding by the park rangers 53
neonates were captured and taken to the mainland. Only 9 stayed on the nesting beaches.
We estimate a total of 250 crocodiles hatched for 1995.

In May and June 1994 the capture and recapture rates showed that neonates were
moving west towards an area with dense cattail stands and a high abundance of freshwater.
They were using small freshwater ponds along the coast to hide during the dayttme. On
several occasions an adult crocodile, presumably the mother, was seen in the lake next to
the little ponds. On one occasion the mother was even in the pond, hiding in the mud: one

of us almost stepped on her.

Between September 1994 and March 1995 a stretch of about 4 km of coastline of
major importance for the juveniles was patrolled monthly, ten juveniles or more were
caught during each visit, all juveniles seen were registered and their position was mapped.
The same activity was repeated between September 1995 and January 96. However, this
time it was much more difficult to catch the juveniles. due to increased wariness. Only a
mean of two animals per patrol was obtained.
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Los Borbollones is one of the areas patrolled regularly. On a stretch of 1 km there
are many freshwater springs that drain into the lake. Los Borbollones is an important site
for adults who presumably stay here for some days to osmoregulate and, to a lesser degree,
to nest (a mean of two nests per year). The streams that drain the springs and the brackish
water along the shore form important habitat for neonates and juveniles. Fig. 3 shows the
initial amount of neonates in Los Borbollones for each year class, as well as its abundance
in Dec. '94 through Feb. '95 and for Sept. 95 through Jan. '96. While the 1993 born
crocodiles diminished slowly, numbers for 1994 and 95 decreased drasticaily within the
first months. The principal cause for this decrease is probably a very high mortality rate,
rather than a high rate of migration. Even though juveniles were recorded to migrate
distances of up to 3.6 km within two weeks, most of them stay in the same locality for
many months. A 1993 juvenile, radio-tracked since’ January 1996 apparently has a rather
small home range (less than 2 km of coast line).

However, it is important to point out that only a fraction of the juveniles are seen. [n
April and May 1994 some 82 marked neonates were released in the Borbollones area.
Between September 1994 and March 1996 we captured 24 of them, corresponding to
19.5%. Another eight unmarked juveniles of the 94 age class were captured, so the relation
marked : unmarked was 2 : 1. The unmarked animals came either from one of the two
Borbollones nests or were brought to the area from other nesting beaches by their mother.
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Growth of Juvenile C. acutus (Tetal length)
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Growth. Figures 4 and 5 show the mean total length and weight of juveniles hatched
in 1993 and 94. In their first year, the total body length of both age classes increased by 30
to 35 mm per month. First-year neonates gained 63 g monthly, while second-year neonates
gained aimost 200 g per month. The 1993 hatchlings showed some cutback in their growth
between November 94 and May 95. Their mean length and weight stagnated. Some
individuals even lost weight (150 and 220 g per month). This stagnation might have been
related to a rapidly lowering lake level and drying out of freshwater swamps next to the
lake after August 1994. However the lake keeps shrinking but the juveniles are growing
and gaining weight again.

The juveniles that were raised in the Santo Domingo Zoo (head-starting) were
measured May 15 of 1995, when they were exactly two years old. Their mean total length
was 532 (64) mm, corresponding to a growth rate of 11.5 mm per year or one third of the
growth rate in Lago Enriquillo. They had a mean weight of 428 (171) g. This means they
had gained weight by 15.5 g per month or one quarter that of Lago Enriquillo. We
processed 103 juveniles, just before the severe problems in the zoo started. Ori ginally some
130 neonates, forming part of the head-starting program were registered in the zoo at the
end of 1993.

CONCLUSIONS

The head-starting program had failed for reasons that could not have been foreseen
nor was there a chance for the conservation community to influence the proceedings.
Fortunately the Lago Enriquillo Crocodylus acutus. population was not as depleted as it
seemed in 1992/93.

The success of translocating hatchlings from nesting beaches to freshwater habitat
has not been thoroughly evaluated yet. We are not sure if first year mortality was reduced
significantly by translocating the neonates. Post-hatching care in the Lago Enriguillo
Crocodylus acutus population might be more important than was previously credited.

On different occasions we saw crocodiles with up to six hatchling in their mouths
swimming along the shore or even taking off from a nesting beach on the island. We have
evidence that a mother removes neonates and hatching eggs from the nest and takes them
to the lakeshore, where she hides them under rocks, in shallow pools or in the foam that is
produced by wave action. Then she takes them to freshwater habitat. At least twice we saw
female crocodiles staying next to their hatchlings for more than two months. This
phenomenon was also recorded on video. In 1995 we observed the mother of one of the
nests whose neonates were evacuated to check on its nest almost every night for over a
month, before finally giving up.
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Population Dynamics and Conservation Strategies
for Crocodylus acutus in Bahia Portete, Colombia.

Gerardo Abadia

Bahia Portete is located in the northern most part of Colombia, in the Guajira
Peninsula on the Atlantic coast. Portete is a fairly small bay with consistent salinity values
of 40 ppth., typified by a shailow coral reef formation on its West side, and a mangrove

ecosystem South and East, which is home to a wild Crocodylus acutus population.

Since 1981, the construction of a big sea port for the exportation of coal has been
under way and finally started operation in 1985. In addition to the sea port, there are two
other human settlements: Puerto Nuevo and Puerto Portete both of which provide a place
to unload merchandise coming from Aruba and Panama in small ships, as well as a place to
live for an increasing community of fishermen.

Crocodylus acutus was formerly very abundant throughout its distribution range

covering southern U.S.A., Mexico, Guatemala, El Salvador, Belize, Honduras, Nicaragua,
Costa Rica, Panama, Jamaica, Haiti, Dominican Republic, Colombia, Venezuela, Ecuador
and Peru (Powwel, 1971). However due to the value of their hides, commercial hunting
has wiped out most of the world’s crocodile populations.

Crocodylus acutus was common in Colombia along the Magdalena Basin and on

both the Atlantic and Pacific coasts, but due to commercial and local hunting, habitat
destruction, irrigation projects for both agriculture and ranching and the fear of people,

crocodile numbers have declined to a minimum (Medem, 1981). Crocodylus acutus is

protected in Colombia by Resolucién No. 573 of July 24th, 1969.

Crocodylus acutus in Bahia Portete is an isolated wild crocodiie population with

no migration or recruitment rates and therefore offers ideal conditions for the study of the

population dynamics of the species. The fact that there are very few crocodiles left and
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their important role within the food-chain (Fittkau, 1970; Craighead, 1967, Fittkau, 1973;

Kushland, 1974) makes it worth the effort for their conservation.

MATERIALS AND METHODS

A population estimate is not a census. Censi are very seldom carried out because
they are time-consuming and expensive. Population estimates are based on direct
observation of the animals during the day at their basking sites or during night counts.
Usually an index as an account related to the animals presence (such as tracks, sand bank
slides, nests, droppings or vocalizations) is also used (Davis and Winstead, 1987).

The Crocodylus acutus population in Bahia Portete has been monitored since

November 1981.

Between 1979 and 1981 this population was subject to extensive commercial
hunting. The total number of animals taken could not be determined. Two or three
crocodiles were shot each night and their hides sold on the black market. By 1982 the
commercial hunting ceased due to the low number of remaining crocodiles.

| Between November 1992 and January 1993 a new study of the crocodile
population was carried out in Bahia Portete. In total 8.8 kms. of beach and mangroves
were inspected on foot and 25 hours of nocturnal surveys were completed by boat over a
transect of 22 kms which was repeated six times. A Nauticol inflatable boat with an
Evinrude Super 25 outboard engine was used whenever possible, and an Indian canoe was
used when navigation became too difficult. An AUTOMAR Long Range Mod. 453 lamp
and a 100 Watts DENJI lamp were used during night counts along with two Winchester
headlights. Later, in 1996, a Frezzolini 30 Volt Spot Lite lamp and a 500,000 CP Cordless

Lectronic Science Inc. lamp were both added as basic equipment during mght counts. A

temperature-compensated Reichert-Jung refractometer was used to determine water

salinity.
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RESULTS

In 1992, night surveys revealed between 2 and 11 (mean 7) individuals in the 22
kms transect with only 2 individuals over six feet total length. Counts of tracks and sand
bank slides indicated similar numbers and range of sizes in the area. Extrapolation of the
survey data suggests a population of around 140 individuals with the great majority in size
classes of one to six feet total length.

Ogden (1978) and Chabreck (1966) have both used the number of nests to
estimate total populations of Crocodylus acutus and Alligator mississippiensis. When using
their formula for six nests found in Bahia Portete, the total crocodile population ranges
between 120 and 150 individuals.

In 1996, 90 hours have been accumulated in close contact with the crocodile
populations of Bahia Portete and Cafio Lagarto. Data collected so far suggests that the
population shows stability but lacks apparent increase.

Hunt (1990), Messel and Vorlicek (1987) and Webb and Smith (1987) have all
reported aggressive behavior of aduits towards juveniles and sub-adults which are forced

to leave the place where they were born. Adult Crocodylus acutus in Bahia Portete occupy

the breeding grounds within the network of channels and lagoons deep inside the
mangroves, whereas the smaller size classes are displaced to the margins of the mangroves
and more open areas, where they are frequently caught in fishermen’s nets. In addition to
this, since 1993 smaller size crocodiles living near Puerto Portete have been forced to
move further west (Gregoria Fonseca per. com.) as they are being hunted by local

fishermen, all of whom carry a harpoon in their boats.

' THE HUMAN FACTOR

The construction of the sea port for the exportation of coal meant the arrival -of a
great number of local Wayuu Indians hoping they would be hired by the coal company.
This eventually created a very poor suburb when they decided to stay despite the harsh
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local conditions and a lack of work opportunities. These people have since turned to the
sea as their only source of food, creating an over-exploitation of marine resources and
imposing a serious threat upon the crocodile population.

In 1992, there was little interest among local people for crocodile hunting or egg
consuming. However, a few hides were taken and sold in the market. _

Although Wayuu Indians are not particularly fond of crocodile meat, they are
eager to eat adult crocodile meat as a source of protein if other food is sc&fc_é. They find
hatchling and juvenile flesh disgusting. ~

Since 1992, an increasing number of juveniles have been drowned when tangled in
fishermen’s nets. These crocodiles are never skinned but their carcasses are found minus
both the skuil and the tail. The meat from the tail is eaten whereas the skull is used for
witch-craft. To avoid being misused in witch-craft, Indians will bury all crocodile skulls
making it extremely difficult to collect skuils for scientific purposes. There is a strong
belief that the strength and power of the crocodile can be obtained if the skull is ground,
toasted and eaten. If buried close to the water-hole of an enemy, it will eventually render
the water-hole useless. Crocodile skulls are also thought to heal wounds if their ashes are
rubbed against the injured tissues. Crocodile fat is used against intestinal worms and is
also considered to stimulate sexual arousal in men.

On the other hand it is of increasing concern that at present the channel leading to
the breeding grounds has been well trimmed with machetes by the Indians to make access
to the breeding stock very easy, whereas the channel used to be inaccessible and its
navigation burdensome. Two adult crocodiles measuring 275 cms and 180 cms have
already been taken away from the breeding site and slaughtered for their hides. Crocodile
hides are sold for a nonsensical 25,000 pesos (US $ 25). Within a population with only six
nesting females, killing one of these means cutting reproductive potential by 17%. The
total numter of nests in Bahia Portete for 1996 has not yet been completed and remains

unknown.
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NOTES ON REPRODUCTION

Crocodvlus acutus in Bahia Portete will start nesting in late April or early May.

Females will build four or five nests prior to egg laying. Clutch size will range from 19 to
41 eggs. No sand beaches in Bahia Portete are suitable for crocodile nesting, therefore
females will nest in rocky beaches under deseft vegetation. The roots of cactus and shrubs
will keep the rocks and pebbles tightly packed and prevent the nest chamber from
collapsing. The added benefit of building a nest under tight bushes is that the eggs are
protected from over-heating. Females will not lay their eggs in the same spot every year
but they will definitely nest in the same area and stick to their territory year round.

A couple of weeks prior to egg laying, females will come out to the breeding
grounds and completely cover the beach with crocodile tracks and fake nests. '

Not only is human predation of nests common in Bahia Portete, which accounts

for 30% average egg loss, but so is predation by wild foxes and raccoons, Procyon lotor

and Procyon cancrivorus. To cut down on such egg losses a strong smelling disinfectant

solution is poured over the nests to confuse the sense of smell of the predators.

CROCODILE BEHAVIOR

It has often been said that larger, older crocodiles are much more wary than
younger animals. Robert Bustard demonstrated the crocodiles’ ability to learn and avoid
being recaptured (Bustard, 1968). In Bahia Portete a 3 foot long crocddile was swept
away from the mangroves by the sea currents and ended up by the sea port. This animal
cannot be approached whereas adult crocodiles at the breeding site have gotten used to

human presence, will respond to the sound of a whistle and have been hand fed.

CONSERVATION

A conservation strategy for Bahia Portete needs to give the live crocodile an

economic value greater than a dead crocodile. It is basically two men and their famiiies




who are well acquainted with crocodile hunting and they can easily be converted from
poachers to c.onservationists if they are paid more for preserving the crocodile population
rather than killing the animals. If any of these Indians sell a crocodile hide for US $25, but
spend US $5 in salt and transportation, in addition to his time and effort, his net profit is
US $20 for each animal. If he were paid this US $20 for ensuring the yearly survival of
each adult crocodile under his care, he would not only save himself a iot of troﬁble, but. he
would assure a yearly income on the basis of preserving natural resources. A continued
monitoring of the crocodile population is then mandatory and so is protection of vital
nesting areas, not only during the nesting season but year-round since these are home for

the brood stock which will remain in their territories.
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Preliminary Assessmcht of the Status of the American Crocodile
(Crocodylus acutus) in the Coastal Zone of Belize.

Steven G. Platt | and John Thorbjarnarson 2

ABSTRACT o
The status of the American crocodile (Crocodylus acutus) in Belize remains poorly

known. Commercial over-exploitation decimated populations prior to protection in 1981,
and recent survey data are lacking. Spotlight surveys were conducted in 1994 and 1995,
of Turneffe Atoll, Maps Cay, and northern Ambergris Cay. A total of 187.8 km were
surveyed and 86 crocodiles observed (0.45 crocodiles’km). These results indicate
significant crocodile populations are present at all three localities. Evidence of nesting
was found at three sites in the Turneffe Atoll and on a spoilbank near Maps Cay.
Raccoons (Procyon lotor) are a major nest predator. Suitable nesting beaches are limited,

and while some illegal killing is occurring, the greatest threat to the continued viability of
crocodile populations appears to be development of these beaches. The distribution and
status of the American crocodile on the mainland, where it occurs sympatrically with -
Morelet's crocodile (C. moreletii) remain largely unknown. As part of a comprehensive
coastal zone managément plan, a survey of the entire coastal zone is planned for 1996-97
to determine present population status and identify critical habitat.

INTRODUCTION
The American crocodile (Crocodylus acutus) is one of two species of crocodiles

which occur in Belize. The American crocodile is a medium to large crocodile found in
coastal habitats and offshore islands, while Morelet's crocodile (C. moreletii) is a
somewhat smaller species inhabiting inland freshwater wetlands. Both species are
currently listed as endangered under the United States Endangered Species Act and are on
Appendix 1 of CITES (Convention on Trade in Endangered Species of Flora and Fauna)
treaty (Thorbjarnarson, 1992). Surveys of the American crocodile in Belize have been
accorded high priority by the TUCN/SSC Crocodile Specialist Group (Thorbjarnarson,
1992).

1 Depaftment of Biological Sciences, 132 Long Hall, Clemson University, Clemson, South
Carolina, 29634-1903, USA

2 Wildlife Conservation Society, Bronx, New York, 10460-1099, USA
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Commercial crocodile hunting began in Belize during the late 1930's and 1940's, as
the importance of forest products in the local economy declined (Hope and Abercrombie,
1986). Subsequent over-harvesting led to depletion of both C. acutus and C. moreletii

populations (Charnock-Wilson, 1970). Crocodile skins were sold to buyers in villages and
larger towns, and after progressing through a chain of middlemen, exported to Europe for
processing (Abercrombie et al., 1982; Hope and Abercrombie, 1986). Unfortunately
quahtitative survey data from this period are lacking, and the practice of categorizing both
spotted cat and crocodile skins as simply "hides and skins” in government trade statistics
makes it difficult to determine past levels of exploitation (Frost, 1974; Abercrombie et al.,
1982; Hope and Abercrombie, 1986). Furthermore, a considerable number of crocodiles
were shot by sport hunters and members of the British garrison, and an unknown number
of skins were exported illegally (Charnock-Wilson, 1970).

By the 1960's both C. acutus and C. moreletii were nearly extirpated from Belize
(Charnock-Wilson,1970). Neill and Allen (1961) reported the collection of a single
juvenile C. acutus from a mangrove swamp in Belize City and considered the species rare.

Powell (1971) concluded American crocodiles were present on some offshore cays
(islands), but extinct on the mainland, and King et al. (1982) noted some island
populations had also been eliminated. C. acutus was afforded legal protection under the
Wildlife Protection Act of 1981 (Marin, 1981).

The current status of the American crocodile remains poorly known and survey
data are lacking. The largest remaining population in Belize may occur in the Tumeffe
Atoll (Thorbjarnarson, 1992). C. acutus is also present on Cay Caulker (Meerman, 1993),
and in mainland coastal lagoons of Shipstern Nature Reserve (Meerman, 1992: Ouboter,
1992). Additional reports by fishermen and others indicate American crocodiles occur
widely on offshore islands throughout the coastal zone of Belize. Distributional records
are summarized in Table 1. Perkins (1983) estimated a country-wide population as high
as 10,000 to 20,000 animals, but these numbers must be considered somewhat speculative.
The objective of this project was to obtain preliminary data on the status of the American
crocodile, and provide conservation recommendations based on these findings.
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STUDY AREA

The coastal zone of Belize includes three atolls, over 200 offshore islands, and
extensive mainland swamps. The Belize barrier reef extends the entire length of the 325
km coastline from Ambergris Cay in the north to the Gulf of Honduras in the south, and is
separated from the mainland by a narrow stretch of shallow water known as the inner
channel. Both mainland and offshore coastal habitats are dominated by red mangrove
(Rhizophora mangle), with black mangrove (Avicennia germinans) swamps occurring in
some hypersaline areas. Elevated beach ridges are dominated by beach thicket and cay
forest associations (Minty et al., 1995). Crocodile surveys were conducted at three
localities in the coastal zone: Turneffe Atoll, the Bacalar Chico region of northern
Ambergris Cay, and Maps Cay (Figure 1).

1. Turneffe Atoll - This atoll, located approximately 30 km southeast of Belize
City, is the largest of three coral atolls found on the barrier reef of Belize, and one of only
four atolls in the western hemisphere. Turneffe Atoll is approximately 50 km long and 16
km wide with an estimated surface area of 533 km2. The atoll consists of a chain of
islands partially enclosing three shallow lagoons: Southern Lagoon, Central Lagoon, and
Northern or Vincent's Lagoon. A near continuous beach ridge extends along the
windward side of the atoll (Figure 2). Maximum elevation is about 1.5 m above sea level
(Perkins, 1983).

With the exception of three tourist resorts most of the atoli remains undeveloped.
Turneffe Island Lodge is located at the southern end of the atoll on Cay Bokel, and
Blackbird Cay Resort and Turneffe Flats Lodge are located at the southern and northern
ends, respectively, of Blackbird Cay. Coral Cay Conservation/University College of
Belize have established a research center on Calabash Cay. Small fishing camps are
scattered throughout the atoll. The atoll is under increasing pressure for development and
the construction of several additional tourist facilities has been proposed. A draft
development plan was recehtly compiled to address conflicting land-use issues (Turneffe
Island Development Committee, 1995).

2. Bacalar Chico National Park (proposed) - The Bacalar Chico region of
northern Ambergris Cay has recently been proposed as a National Park. This area
encompasses significant terrestrial, mangrove, and marine habitats (Dotherow, 1995).
Elevated ridges surround a system of open water lagoons and red mangrove swamps.
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Some residential development has occurred on beach ridges along the windward side of
the cay (Figure 3).

3. Maps Cay - A cluster of low-lying, offshore mangrove cays within the inner
channel, approximately 7 km east of Belize City. An elevated beach ridge extends along
the windward shore of the cay where a small tourist lodge and several fishing camps are
located. A network of deep lagoons are found in the interior of the cay, and a spoilbank
extends ca. 50 m along a dredged channel on the leeward side of the cay.

METHODS

Spotlight surveys were used as an index of crocodile densities (Bayliss, 1987).
This technique is used in crocodile surveys worldwide and other methods of population
estimation have confirmed its validity. Spotlight surveys were conducted from a
motorboat propelled slowly along the shoreline, using a handheld Q-beam spotlight
(250,000 candlepower) and auxiliary 12-volt headlights. Areas not accessible to
motorboats were surveyed by canoe. Crocodiles were located by noting eyeshine
reflections in lightbeams and classified according to their estimated total length (TL) as
juveniles (TL < 90 ¢m), subadults (TL = 90 - 150 ¢cm), or adults (TL > 150 cm).
Crocodiles that could not be approached close enough to estimate total length were
classified as "eyeshine only". Distance travelled in each survey was calculated with a
cartometer using maps and aerial photographs provided by Coral Cay Conservation.
Crocodile densities were calculated as the number of crocodiles observed per kilometer of
survey route, allowing quantitative comparison with other survey data. Maps of survey
routes were deposited with the Coastal Zone Management Unit, Department of Fisheries,
Belize City, Belize.

Daylight reconnaissance was conducted along some proposed routes to determine
feasibility, locate possible hazards, and search for nesting habitat. Potential nesting habitat
was identified by noting the presence of indicator plant species such as paurotis palms
(Paurotis wrightii) and coconut palms (Cocos nucifera). These plants are restricted to
well-drained beach ridges, and these habitats were searched for the presence of nest
mounds, excavations, eggshells and fragments, and unhatched eggs. Eggshells and
unhatched eggs were counted to estimate clutch size. In areas where nests were found,

physical characteristics of the site were noted. Coordinates of nesting beaches in Turneffe




Atoll were obtained with a Sony Pixis IPS-360 Global Positioning System (GPS).
Fishermen were interviewed when encountered and questioned about the presence of

crocodiles and possible nesting areas.
RESULTS AND DISCUSSION

Population Surveys
Turneffe Atoll

Fieldwork was conducted from 22 May to 2 June, 26 to 30 June, and 1 October to
6 October 1994, and 15 to 22 June 1995. Due to the difficulties of maneuvering boats
over the reef after nightfall, most areas surveyed were on the leeward side of islands, and
in sheltered creeks and lagoons. Most crocodiles were observed in shallow water along
red mangrove shorelines sheltered from prevailing easterly winds. Survey results are
presented in Table 2. In general, populations of low to moderate density were found in
Tumeffe Atoll. A total of 67 crocodiles were observed and 132.2 km were surveyed. A
mean of 0.50 crocodiles/km of survey route was calculated from all surveys. However,
relatively high densities of crocodiles were found at the southern and northern ends of
Calabash Cay (3.0 and 2.0 crocodiles’km respectively), and along the windward shore of
Blackbird Cay (2.8 crocodiles/km). Moderate densities of crocodiles were noted in
Soldier Bight-Blackbird Cay (0.71 crocodiles/ km), Northern Lagoon (0.70
crocodiles/km), and along the leeward side of the atoll from Northern Lagoon to
Crikozeen Creek (0.83 crocodiles/km). Low densities (0.08 - 0.46 crocodiles/km) were
found in most other areas.

Crocodiles observed at the southern end of Calabash Cay were tn a network of
small mangrove creeks and lagoons, and in the vicinity of a fishing camp. These animals
may have been attracted by fish remains discarded from the camp. An unusual
congregation of subadult crocodiles was noted along an exposed beach on the windward
shore of Blackbird Cay. Crocodiles usually prefer sheltered waters free from wave action
(Thorbjarnarson, 1989) and the presence of these animals was surprising. The gradually
sloping gradient of this beach probably offers good foraging habitat, and the barrier reef
affords protection from significant wave action. Thorbjarnarson (1989) stated
intermediate size classes (TL = 1.0 - 2.0 m) may be more frequently found in these




marginal habitats. Most crocodiles observed along the leeward side of the atoll were
foraging in turtlegrass (Thalassia testudinum) which forms dense beds in shallow water
and supports large schools of fish and aquatic invertebrates.

The size-class distribution of crocodiles recorded in the Turneffe Atoll is presented
in Table 4. Juveniles (5.9%) are probably under-represented as they probably avoid open
water and remain among flooded mangroves where they are less visible during spotlight
counts. Subadults (41.7%) were the size class most frequently observed and were
encountered in most areas surveyed. Adults (23.8%) and "eyeshine only" (28.3%)
comprised the remainder. The largest concentration of adult crocodiles was noted in the

vicinity of Blackbird and Northern Cays and may reflect the proximity of nesting habitat.

Crocodiles tend to become increasingly wary with age and many of the eyeshines recorded
likely represent adult crocodiles which submerged before they could be approached close
enough for size-class identification. The percentage of adult crocodiles observed in the
Turneffe Atoil is comparable to population data from the Everglades, Florida, USA
(24.5%) and Turkey Point, Florida, USA (25.0%), but higher than Etang Saumatre, Haiti
(15.7%). However, size-class limits vary somewhat making comparisons difficult
(Thorbjarnarson, 1989).

Bacalar Chico

Fieldwork was conducted from 27 June to 1 July 1995. Survey results are
presented in Table 3. A total of eight crocodiles were observed and 42.7 km surveyed. A
mean of 0.18 crocodiles/km of survey route was calculated from ail surveys. However, all
crocodiles were encountered in mangrove swamps, creeks, and lagoons, and none were
observed along the windward or leeward shoreline of Ambergris Cay. If these shorelines
are excluded, the result is a mean of 0.39 crocodiles/km of survey route, comparable to
low-density populations noted in some areas of Turneffe Atoll.

The size-class distribution of crocodiles recorded in Bacalar Chico is presented in
Table 4. Juveniles comprised 50% of all sightings, subadults 25%, and aduits and
"eyeshine only" each 12.5%. Because of the small number of crocodiles observed, these
results should be interpreted with caution.




Maps Cay

A single spotlight survey was conducted on 21 July 1994. Eleven crocodiles were
observed along 12.9 km of shoreline (0.85 crocodiles/km). The size-class distribution is
presented in Table 4. All crocodiles were observed along an exposed shoreline on the
windward side of the cay, and because of shallow inshore waters, most could not be
approached closely enough to determine size.

Coastal Mainland
Determination of the status and distribution of the American crocodile in mainland
coastal habitats is complicated by the presence of C. moreletii. These two species are

morphologically very similar, identification is difficult in the field, and often requires
capturing crocodiles (Platt,1996). Ouboter (1992) and Meerman (1992) found both
species present in mainland lagoons in Shipstern Nature Reserve. The skull of an
American crocodile that drowned in a fishing net in Southern Lagoon was examined in
1994. Drag marks and tracks of what was probably an American crocodile were also
observed south of Southern Lagoon, leading from a brackish swamp, over the beach, and
into the open ocean. Zisman (1989) listed American crocodiles as present in both
Northern and Southern Lagoons, but the source of these records is unknown. Further
surveys of mainland coastal lagoons are warranted.

Crocodiles with characteristics of both C. moreletii and C. acutus have been
reported from coastal regtons of Belize (Schmidt, 1924; Abercrombie et al., 1980), and an
animal we collected in Kates Lagoon exhibited a C. acutus-like dorsal scale pattern.

These animals typically exhibit a reduced number of dorsal scales in each transverse row,
and reduced or absent caudal irregularities. Ross and Mayer (1983} suggest hybridization
may occur between the two species, and Ross and Ross (1974) found C. moreletii traits in
C. acutus only where the two species are sympatric. The situation regarding hybridization
remains unresolved and must await application of molecular genetic techniques.

Nesting
Turneffe Atoll
Three nesting areas were located during this survey. The first site is located on the
leeward side of Blackbird Cay 1 km south of Turneffe Flats Resort (N 17° 25' 33.1", W
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87° 49' 24.0") on an elevated sandy ridge approximately 20 m long. The vegetation
corresponds to the broken palmetto thicket association which occurs on drained peat and
organic sand (Minty et al., 1995). In 1994 two nests were located. One nest was a large
mound of sand (ca. 30 cm high) and the other a hole nest. In 1995 a hole nest that
appeared to have been opened by raccoons (Procyon lotor) and three eggshells were

found. Additional nesting habitat was found in this vicinity, and Greg Smith (pers. comm. )
reported finding a nest closer to Turneffe Flats Resort several years ago. However, an
intensive search of this area failed to locate further evidence of recent nesting activity.

The second and most extensive nesting site is located on Northern Cay ca. 8.3 km
north of Turneffe Flats Resort (17° 29' 35.3" N, 87° 47' 06.9"W). This site
(corresponding to Site 17/26 of Minty et al., 1995) is an elevated beach ridge on the
windward side of the cay , composed of well-drained organic sand, and dominated by
beach thicket and coconut palms. A hypersaline black mangrove lagoon of about 1.0 ha is
located behind the beach. A search in 1994 revealed five recent, and three to four pre-
1994 nests along a 240 m section of beach. Both mound and hole nests were found. All
recent nests appeared to have been successful (producing viable hatchlings) and opened by
females. When inspected on 29 June 1994, eggs of two nests appeared to have hatched
within the previous two or three days. Hatchlings (20+) were observed in the adjacent
lagoon. Return visits to this site were made on 15 and 20 June 1995, but no evidence of
nesting activity was noted despite an intensive search and excavation of suspected nest
sites. Two crocodiles were observed in the black mangrove lagoon, one of which was a
large adult (TL ca. 300 cm).

A third nesting area was located in 1995 on a peninsula on the eastern side of
Deadmans Cay (17° 12' 57.4 " N, 87° 51' 49.4" W). The nest was constructed ona beach
ridge with a protected cove and red mangrove swamp immediately to the rear. The nest
was discovered by the property owner who reported finding 13 eggs buried in a shallow
hole. All but four of the eggs were subsequently destroyed by people. The average |
measurements of the remaining eggs were as follows: length = 74.3 mm (SE = 2.4, n=4),
width = 45.3 mm (SE = 0.9; n = 4) and mass = 87.1 g (SE = 8.1; n = 3). This site may
have been an important nesting area in the past. During our first visit (1994) the property
owner described finding a clutch of hatching crocodile eggs while clearing his homesite.
Since our initial visit, the peninsula has been cleared and a number of tourist cabins
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constructed This is the only nesting beach that has been located in the southern region of
Turneffe Atoll, and it is doubtful that any crocodiles will utilize this site in the future.

Bacalar Chico

Little evidence of nesting was found within the proposed reserve, although this
survey was conducted at a time when hatching occurs and nests should have been readily
obvious. An excavated hole nest was found on a small (ca. 0.10 ha) island in Santa Cruz
Lagoon. The hole measured 40 cm wide x 15 cm deep and was constructed in a substrate
of sand and crushed shells. The island is somewhat elevated and supported a sparse
growth of hammock hardwoods. Several other islands in Santa Cruz Lagoon appeared to
be suitable nesting habitat, but a search revealed no nests.

A ridge, which appears to offer suitable nesting habitat, and extends for about 1.5
km along the western shore of Laguna Cantena was intensively searched, but no sign of
nesting activity was found. The ndge is elevated 1.0 m above normal water level,
composed of a coarse, well-drained mixture of sand and soil, and borders shallow
mangrove lagoons on the leeward side, which appear to be excellent nursery habitat for
hatchling crocodiles (Lutz and Dunbar-Cooper, 1984; Thorbjarnarson, 1989). Future
visits should be made to this ridge to determine if crocodile nests are present. It is also
probable that nesting occurs in areas outside of the proposed reserve. Based on an
examination of aerial photographs, suitable nesting habitat is found on Ambergris Cay
south of the reserve in Laguna de Cayo Frances and Laguna de San Pedro. Hatchling C.
acutus are known to disperse widely when suitable nursery habitat is not available near
nests (Ogden, 1978; Mazzott:, 1983). Protection of nesting habitat outside of the reserve
may be essential if a viable population is to be maintained.

Maps Cay

A recently hatched nest was found on the leeward side of the cay during a spotlight
survey on 21 July 1994. The nest was a hole constructed about 1.0 m-above water atop a
spoilbank adjacent to a red mangrove swamp, in a mixture of organic peat, shell and coral.
Spoilbanks are important nesting habitat in Florida (Gaby et al., 1985). Five eggshells
were found in the hole.
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Based on eggshells and unhatched eggs recovered at nest sites, an average clutch
size of 9.5 (SD = 3.0, n = 7) was estimated. While this is most certainly an underestimate
of true clutch size, it is considerably smaller than clutch sizes of 22 to 80 previously
reported for the American crocodile in other areas of its range (Thorbjarnarson, 1989),
possibly indicating small female size or energetic stress. Given the 80 to 90 day incubation
period reported for the American crocodile (Thorbjarnarson, 1989), nesting in Belize
probably follows the general Caribbean pattern with clutch deposition in March and Apnl.

Raccoons are responsible for significant nest losses in other regions (Mazzotti,
1983, see review in Thorbjarnarson, 1989) and are probably a major predator of C. acutus
nests in Belize. Raccoons are abundant in mangrove habitats throughout Belize and were
sighted during spotlight surveys of all three study areas. Nest losses attributable to
raccoons were recorded on Blackbird Cay. Raccoons were found on isolated islands in
Santa Cruz Lagoon suggesting even nests in these habitats are accessible to predators.
Coatis (Nasua narica) are also present in many coastal habitats and represent potential nest
predators.

Food Habits

Two juvenile crocodiles (TL = 90.8 and 65.0 cm) were captured and stomach-
pumped using the method of Taylor et al. (1978). Stomach contents from both animals
contained insect and crab (Uca spp.) remains. Fresh fish was recovered from the smaller
amimal, and balls of mammalian hair, probably from rodents or a small opossum, were
recovered from the larger crocodile. Unidentified nematodes (David Soucek, Dept.
Biological Sciences, Clemson University, pers. comm.) were found among stomach
contents of the smaller crocodile. Similar prey items have been recovered from juvenile C.
acutus elsewhere (Alvarez del Toro, 1974).

Crocodile-Human Interactions and Conservation
Interviews of local fishermen and resort operators suggest that major crocodile-
human conflicts occur when crocodiles frequent the vicinity of resorts and take dogs at

fishing camps. Crocodiles are attracted to camps where fish are cleaned and offal
discarded in the water. Turneffe Flats Resort has discontinued this practice because of the

presence of several large crocodiles and alternative disposal techniques seem to have




eliminated the problem. An open garbage dump on ".Garbage Cay" near Cay Bokel has

also been reported to attract crocodiles. Closure of this dump is recommended to reduce
the possibility of crocodile-human conflicts and to address public health concerns. Several
fishermen stated that crocodiles occasionally enter fish traps in the shallow waters off
Ambergris Cay and consume the catch. Predation on free-ranging domestic dogs was
frequently reported by residents in the cays. Keeping dogs penned or leashed, especiaily
at night, would probably prevent predation. Several resort operators have also expressed
concern over possible dangers that large crocodiles pose to swimmers and divers. While
attacks on humans have been reported, American crocodiles are not normally regarded as
. man-eaters, and risks to swimmers are considered minimal (Pooley et ai., 198%). Some
illegal killing of nuisance crocodiles was reported by local fisherman, and Coral Cay
Conservation Volunteers observed several crocodile skins drying at a fisherman's camp
near Calabash Cay (Gail Bradley Miller, University College of Belize, pers. comm.}.
However, the extent of this harvest is believed to be small.
The major threat to the continued survival of American crocodile populations in
the coastal zone of Belize appears to be the development of potential nesting beaches.
_Nesting habitat was found to be of limited extent and many of the potential sites we visited
were either developed or showed signs of impending development. In the Turneffe Atoll,
both Blackbird Cay Resort and Turneffe Flats Resort are constructed on suitable nesting
beaches. The nesting area on Deadmans Cay is now occupied by a tourist lodge and
unavailable for future nesting. The communal nesting site on Northern Cay was marked
by "Keep Off" signs and much of the understory vegetation had been cleared. Greg Smith
(pers. comm.) reported nesting in the vicinity of Rende