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Introduction

Attempts to develop and successfully operate facilities that
commercially exploit crocodilians have always faced
considerable challenges. Huge ongoing investments in
money, time, and labor are required with scant returns for
several years (Elsey et al. 1994; Lever 1994). Even then,
profits are not guaranteed in an unforgiving industry with
a volatile meat and hide export market (Cox and Rahman
1994; David 1994; Kelly 1994). The difficulties in running
a crocodilian facility are further compounded in
developing countries where the basics, like reliable
sources of electricity, running water, appropriate land, and
cheap, fresh crocodile food, are difficult to obtain (Child
1987; Cox and Rahman 1994). In developing countries,
inability to acquire the appropriate technology and
licenses to propagate intensively and market crocodilians
are also prohibitive factors to success (Magnusson 1984;
Cox and Rahman 1994). All of these aspects, along with the
misleading beliefs that crocodiles are simple to keep in
captivity and will provide substantial profits, have resulted
in very few successful crocodilian businesses in the
developing world (Mazzotti 1987; David 1994).

The three types of consumptive uses involving
crocodilians, recognized by the Convention on
International Trade in Endangered Species (CITES) and the
Crocodile Specialist Group (CSG), are ranching, wild
harvesting, and captive breeding (Cox and Rahman 1994).
Ranching involves collecting eggs or juveniles from the
wild and rearing them to market size in grow-out facilities.
A certain percentage of the eggs or juveniles collected in
ranching operations can then be returned to the wild at a
size that should ensure a higher survival rate (Mazzotti
1987; Cox and Rahman 1994; Elsey et al. 1994). Adults and
sub-adults can also be harvested directly from the wild
(Mazzotti 1987; Cox and Rahman 1994). These methods
are considered "open" cycle as they are ultimately
concerned with the health and viability of wild populations
and habitat in order to maintain success (Thorbjarnarson
1992; Cox and Rahman 1994). On the other hand, captive
breeding that relies solely on rearing captive-born animals
to produce skins and meat for market is considered
"closed" cycle (Thorbjarnarson 1992; Cox and Rahman
1994). Captive breeding enterprises can also include a
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tourism element to supplement their income, with
crocodiles placed on display for viewing (Cox and Rahman
1994).

For "open cycled" programs to be successful requires an
ongoing commitment of funding for research and
monitoring of wild crocodile populations and ecosystems
(Hines and Abercrombie 1987; David 1994). This will
ensure that harvesting or ranching can be effectively
managed and strategies adapted to prevent any
detrimental impact on the wild population (Hines and
Abercrombie 1987; Hollands 1987; David 1994). In the
majority of places, crocodile populations can usually
withstand high levels of egg ranching (Cox and Rahman
1994). However, intensive harvesting of adults cannot
always be sustained at the high levels required to ensure
economic profitability for commercial operations (Elsey et
al. 1994). One other element to be considered when
engaging in ranching or harvesting is local drought and
flood patterns. Prolonged and severe drought or flood can
significantly reduce the productivity and availability of
wild crocodilians (Hollands 1987; David 1994).

The success of ranching or harvest operations in places
such as Australia and Zimbabwe has relied upon years of
research into wild populations, stability of wild
populations, availability of resources, and adequate
logistical and financial support (Bolton 1990). Failures in
these areas have led to the demise of a number of ranching
programs in the developing world (Bolton 1990; Hines
2002). Although it is important to be economically viable,
the primary goal of programs should be conservation-
based to ensure overall long-term viability and success
(Joanen and McNease 1987; Mkanda 1992).

"Closed-cycle" programs provide no incentive to protect or
preserve native populations of crocodilians and have
proven largely unsuccessful and difficult to get off the
ground in developing countries (Magnusson 1984; Elsey et
al. 1994). The costs of feeding and maintaining crocodiles
from hatchlings to marketable slaughter sizes usually
outweigh the returns gained from skins, meat, and other
products (Suvanakorn and Youngprapakorn 1987). Many
unforeseen problems are commonly encountered on
crocodilian farms. The most devastating problems include



outbreaks of disease, mass mortalities, and a depressed
market that has led to the collapse and abandonment of
many farms (Webb et al. 1987; Kelly 1994). However,
captive breeding and rearing is important to the long-term
economic viability of any crocodile enterprise (Davis
1994). If it is suitable, a tourism aspect can also be
included to gain extra revenue. This can significantly
reduce overhead costs and accommodate for down cycles
in the hide and meat market by providing a regular
income, thus improving the viability of a facility (Child
1987; Cox and Rahman 1994; Kelly 1994).

Despite the difficulties associated with crocodilian
enterprises, there are guidelines that, if implemented, can
increase chance of success and reduce mortality.
Combining captive breeding with ranching and tourism
may be the best overall approach for linking conservation
of crocodiles with economic benefits to local communities
and governments (Mazzotti 1987; Thorbjarnarson 1992).

Facility Planning

There are a number of options for housing captive
crocodilians that can be adapted to suit the individual
goals of any facility, such as acres of lake and marsh habitat
enclosed to house many animals or as small pens used for
one or two individuals (Figure 1 and Figure 2). Adult
crocodilians require a great deal of space, and, considering
their longevity (often 50 years or more) and large adult
size (Thorbjarnarson 1992), careful planning for future
housing needs of the facility should be at the forefront of
enclosure design. Careful and comprehensive planning
becomes even more important when the facility is
intended to house "nuisance" crocodiles. In these cases the
number of animals requiring space may increase
significantly and unpredictably over several years.
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Figure 1. Shallow concrete pond, recommended for
one or two adults or several juveniles.
Credit: Michael Cherkiss (2006)
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Figure 2. Natural-style pond more suited to adults.
Credit: Matthew Brien, 2006

Enclosures can be designed for exhibit. Exhibit enclosures
are those intended to provide ample viewing opportunities
for public observation of the animals. They require the
most careful planning and construction. Enclosures that
are used to house animals not intended for public display
(e.g., breeding, rearing, and holding) can often be
constructed with less financial investment. Both enclosure
types share similar minimal requirements of providing
safe and secure confinement in a manner that also
provides for the health and well-being of crocodiles (QLD
1997; Ziegler 2001). Exhibit enclosures must also account
for public safety and be aesthetically pleasing (Figure 3).
Off-exhibit enclosures can often be far more utilitarian in
terms of landscape design and orientation (Figure 4). Off-
exhibit enclosures can generally be designed to
accommodate more individuals while requiring lower
construction and maintenance costs (Ziegler 2001).
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Figure 3. Crocodilian exhibit enclosure. Open to the

public.
Credit: Michael Cherkiss, 2006



Figure 4. Crocodilian off-exhibit enclosure. Not open
to the public.
Credit: Matthew Brien, 2006

Regardless of enclosure type, it is important to realize that
the success of any enclosure relies on how effectively it can
be cleaned on a regular basis with minimal disturbance to
the crocodiles (Hutton and Webb 1994; Vernon 1994;
Ziegler 2001).

Many factors influence decisions that facilities make when
constructing crocodile enclosures. The two most
restrictive are space and budget. Carefully weighing
options and having a solid plan for the future of the facility
will save a great deal of money and time while
accomplishing the minimum goal of safe and humane
confinement.

Crocodilian Species—Central
America and the Caribbean

In most commercial situations it is recommended that local
species of crocodilians are utilized over non-native. This
will avoid the undesirable situation whereby an exotic
species escapes into local waterways and breeds. Here we
focus on two species native to Central America and the
Caribbean, the American crocodile (Crocodylus acutus) and
the Morelet's crocodile (Crocodylus moreletti) (Figure 5
and Figure 6). While the American crocodile (Crocodylus
acutus) can reach lengths of up to 4 m, the Morelets
crocodile (Crocodylus moreletti) is a slightly smaller
species attaining lengths up to 3 m (Brazaitis 1973). Each
species possesses unique physical characteristics. The
American crocodile has a long, slender snout and the most
irregular dorsal armor of any crocodilian (Thorbjarnarson
1992). The Morelet,s crocodile typically has a shorter,
broader snout and more regular dorsal armor
(Thorbjarnarson 1992). However, dependent upon
location, the two species can often be almost
indistinguishable. Although their ranges overlap, C. acutus
tend to inhabit coastal or brackish environments whereas
C. moreletti are found primarily in fresh water and low-
salinity coastal habitats (Thorbjarnarson 1992). Both C.

acutus and C. moreletti have been successfully housed and
bred in captivity (Groombridge 1987; Lang 1987; Ojeda et
al. 1998). Both species possess a commercially high-quality
skin, are relatively non-aggressive, and have been found to
demonstrate a high tolerance of conspecifics (Lang 1987a;
Thorbjarnarson 1992). Due to the high quality of their
skin, both species have been targeted extensively by
hunters, leading to their classification under Appendix 1
(CITES), and they are considered endangered
(Thorbjarnarson 1992).

Figure 5. American crocodile (Crocodylus acutus).
Credit: Michael Cherkiss, 2006
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Figure 6. Morelets crocodiles (Crocodylus moreletti).
Credit: Wayne King

Housing of Crocodilians

Elevated stress levels in captive crocodilians can lead to
poor growth and survivorship, disease, poor skin quality,
and reproductive failure (Elsey et al. 1994; Lance 1994;
Smith and Marais 1994). The overall success of any facility
holding crocodilians relies upon reducing the amount of
stress to individuals by providing and maintaining high
water quality, adequate temperatures, appropriate cover,
and a high standard of food quality and hygiene (Elsey et
al. 1994; Hutton and Webb 1994; Smith and Marais 1994).
As the well-being of the crocodiles and the economic
success of the facility are inextricably linked, the following
sections should be carefully considered when housing
crocodiles.

Housing Crocodilians in Captivity: Considerations for Central America and Caribbean 3



Enclosure Size

The guidelines given here are the minimum standards
generally accepted by zoological facilities for all species of
crocodilian. Ideally, space and funds permitting, enclosures
should be larger than the examples given here. If
crocodiles are kept in small exhibits where movement is
restricted, they will soon become lethargic and obese. This
will increase their susceptibility to cardiac and other
diseases (Pooley 1990; Elsey et al. 1994). Cramped housing
of multiple animals will lead to undue aggressive behavior,
greater injuries, and increased stress (Elsey et al. 1990;
Elsey et al. 1994; Smith and Marais 1994). It is important
to establish appropriate and safe stocking densities in the
enclosures (Pooley 1990).

Individuals should also be housed according to similar size
class to reduce bullying or fighting as a result of
territoriality (Pooley 1990). Wild crocodilians will be far
less adapted to captive conditions. It is recommended that
they be stocked at lower densities and provided with more
space than captive-reared individuals (Lang 1987a; Hutton
and Webb 1994).

The total area of a basic enclosure is 15 square meters and
an accompanying pond should be approximately 7 m long
and 10 m wide (Ziegler 2001). However, the area should be
based on either the adult size of the intended species or
the maximum size of the individual that will be housed in
that particular enclosure (Ziegler 2001). The minimum
area required to house a single crocodile is twice the
length of the average adult of this species, in both width
and depth (Ziegler 2001). For example, C. acutus has an
average adult size of 4 m and would therefore require an
enclosure at least 8 m wide by 8 m deep for a total
minimum area of 64 square meters. The enclosure size
must increase for each additional animal that will be
housed. As a general rule, area should be increased 30%
(20% more water and 10% more land) per additional
animal (Ziegler 2001). To house one adult male and two
adult females, the above enclosure example would increase
to a minimum size of approximately 10 x 10 m (100 square
meters). Remember that the examples given are minimum
size requirements. The actual number of animals that can
be safely housed in any one enclosure can vary greatly
depending on many factors, some of which will be
discussed in the following sections.

Physical Construction

There are several suitable options for the enclosure's outer
fence. Consider benefits and costs of each, along with the
overall appearance of the enclosure, when deciding what
materials to use. Fences can be 5.08-cm chain link fencing
(atleast 11.5-gauge or stronger), poured cement, cement
blocks, or brick (Ziegler 2001). Chain link is usually the
most affordable option, but it is often best to use a
combination of materials for different sides (Ziegler 2001).
For example, solid cement or block wall may be used at the

back of an enclosure while chain link is used at the viewing
areas (Figure 4). Another excellent option for relatively
small enclosures is to build a short block wall with chain
link extending above to provide easy viewing and
improved safety (Ziegler 2001) (Figure 7). Using chain link
with a green vinyl coating, if available, can be more
attractive.

Figure 7. Simple enclosure with grass/soil substrate,
sturdy trees, adequate shade from trees, and all
areas visible.

Credit: Matthew Brien, 2006

Regardless of materials used, the fence of the enclosure
must be properly constructed to prevent escape. This
requires extension above and below ground, as crocodiles
can be excellent diggers and climbers (Pooley 1990). Fence
height should be equal to the total length of the largest
animal being housed, or have a turn-back at the top to
force a climbing animal to fall (Ziegler 2001).

The best option, in terms of cost and aesthetics with large
species such as C. acutus, is to utilize a vertical fence with
an inward-facing turn at the top (Ziegler 2001).
Independent of height or material, any fence will need to
be buried to prevent animals from digging out (Pooley
1990). This is especially important for both C. acutus and C.
moreletti, as both species are recognized diggers. C. acutus
are known to dig into mud banks up to 9 m (Webb and
Manolis 1989). Another consideration is to ensure effective
drainage within the enclosure (Ziegler 2001). This is
particularly important if the facility is located in an area
that is subjected to seasonal precipitation. It is also
necessary to ensure that, if the enclosure does become
flooded, the animals cannot swim out or become trapped
and drown.

Fence Materials and Design

We recommend that the fence extend beneath the ground
level in an L shape, both vertically (1.0 m) and horizontally
(0.75 m) (Ziegler 2001). The most basic and least
expensive design recommends including heavy (10-gauge)
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chain link, rising 2 m above ground with the final 50-60 cm
making a 45° turn back into the enclosure (Ziegler 2001)
(Figure 8). This fencing should also extend 1 m below
ground, turn 90°, and continue 0.75 m into the enclosure
(Ziegler 2001). Fence posts/poles should be sturdy enough
to support the weight of a climbing animal (7.8 cm, or 3 in.
outer diameter) and pole spacing should be no more than
3-4 m apart (Ziegler 2001). At least every other pole
should be set in cement. Further strength and support for
the fence can be accomplished by using horizontal pipe
(4.3 cm) connecting the vertical poles. This should be done
where the turn-back starts near the top of the fence (the
construction contractor can make final design
recommendations depending on the base materials you
choose) (Ziegler 2001).
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Figure 8. Fence design for a crocodilian enclosure
located upon solid ground with inward facing 45°
turn at the top.
Credit: Ziegler, 2001

It is advisable to include 8-gauge or heavier tension wire at
ground level (Ziegler 2001). If the ground is hard enough
that animals cannot dig deeply, it will not be necessary to
have the buried fence material extend into the enclosure's
interior. Some facilities prefer to extend the fencing further
below the ground and eliminate the turn-back.

Gates

Keeper safety requires at least one gate for any enclosure
housing large crocodiles (Ziegler 2001). Gates must open
inward to prevent animals escaping by pushing out against
the door (Ziegler 2001). Locks should be sturdy and
accessible from inside and outside of the enclosure.

Gates should be placed well away from the water's edge, be
accessible, be lockable, and be large enough to safely move
animals, keepers, and equipment through them (QLD

1997; Ziegler 2001). Gates must also incorporate the same
escape-proof features as the outer fence, with a turn-back
at the top, and either cement (75 cm deep and 20 cm wide)
or chain link footer extending below ground (Ziegler

2001). The gate will be the weakest point in your
enclosure, so supports should be set in cement.

Pool Design and Construction

The design of the water feature within the enclosure must
be carefully considered, since feeding, thermoregulation,
and breeding and other social interactions in crocodilians
are all focused on the aquatic environment (Lang 1987a).
The shape, size, and clarity of the pool will determine the
level of safety for keepers, the ease of maintenance, and the
quality of public viewing. The water area should cover
50% of the total enclosure, leaving enough dry land area
for all specimens to haul out while at least half the
available dry land remains unoccupied (Vernon 1994;
Ziegler 2001) (Figure 9). Keep in mind that landscape
features such as logs, tree clumps, or other impassable
vegetation reduce the amount of land area available for use
by the animals, and enclosure size should be adjusted to
compensate for this (Britton 2001; Ziegler 2001).

Pe e
-

Figure 9. Enclosure ihcluding pond with multiple
haul-out areas, irregular shape and smooth surface.
Credit: Matthew Brien, 2006

While natural ponds (or engineered excavations below the
water table) are sometimes incorporated into captive
enclosures, they present many challenges to the facility.
Locating and monitoring the health of individuals kept in
earthen ponds can be difficult due to irregular depths, lack
of water clarity, and crocodiles excavating tunnels in the
banks (which may lead to escape) (Child 1987; Pooley
1990). Large natural enclosures are commonly used for
adults and may be quite suitable as long as water quality is
maintained (Figure 2). Natural ponds are not normally
recommended for raising stock due to the difficulty in
maintaining a clean, safe, and sanitary environment (Child
1987; Pooley 1990). If outbreaks of disease occur, earthen
ponds have proven almost impossible to treat (Webb et al.
1987). A shallow (1 m) poured, concrete pool, with either
an integrated drain system or mechanical pump for
changing water, is generally a better long-term choice for
crocodile grow-out enclosures (Pooley 1990; Britton 2001)
(Figure 10). For smaller individuals and sub-adult groups,

Housing Crocodilians in Captivity: Considerations for Central America and Caribbean 5



it is often best to use two or more cement ponds in an
enclosure (Hutton and Jaarsveldt 1987; Pooley 1990). This
will enable each pond to be cleaned alternately to avoid
displacing all crocodiles from the water each time, thus
reducing stress (Hutton and Jaarsveldt 1987; Pooley
1990). They can then also be cleaned more thoroughly
(Child 1987). The pond(s) should typically be around 10-
15 m long by 1.5 m wide and 60-100 cm deep (Ziegler
2001).

Figure 10. Hatchling alligators housed together in
shallow ponds with smooth surface.
Credit: Matthew Brien, 2006

The drain system requires a greater initial investment but
can be linked to other ponds at the facility and will allow
for easy cleaning of pools (or water level adjustment) by
simply opening a valve outside the enclosure (Ziegler
2001). The drain must be located at the bottom of the pool,
with the pool floor sloping towards it to ensure that feces
and uneaten food that collect will be removed (Pooley
1990). Water from all pools can then be routed away from
the enclosures and public areas to a proper treatment and
disposal site (Ziegler 2001). The second option is a
portable mechanical pump (gas or electric) that can be
moved between enclosures and that uses hoses to pump
the water from the pond to a treatment site (Ziegler 2001).
Pool shape greatly influences the number and size of
animals that can be housed together, the safety of keepers,
and the aesthetics of the enclosure. Creating breaks in the
line of sight between areas of the pool creates visual
isolation between animals and helps to reduce stress and
aggression (Lang 1987a; Morpurgo 1992). Irregular pool
shapes can best create these "visual barriers" in addition to
physical barriers (land and vegetation) (Lang 1987a;
Morpurgo 1992) (Figure 9 and Figure 11). Although U- or
V-shaped pools are recommended over circular or
rectangular pools, S- or Z-shaped pools can usually
accommodate more animals with less conflict (and often
less total area per animal) (Ziegler 2001). If circular or
rectangular pools must be used, barriers should be
incorporated in the form of partially submerged logs,
boulders, or islands, which will create some degree of
separation between animals (Vernon 1994; Ziegler 2001)
(Figure 11). More complicated shapes usually increase
construction costs.
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Figure 11. Enclosure with a regular-shaped pond with
logs and branches to create barriers.
Credit: Matthew Brien, 2006

However, they may provide greater economy in terms of
space requirements for individuals and total number of
enclosures required to meet all housing needs (Ziegler
2001). Creating multiple haul-out areas (gradual slopes
where animals can easily enter and exit the water) around
the pool also limits unnecessary interaction with enclosure
mates (Ziegler 2001) (Figure 9). Slope of haul-outs should
be between 10-200. Steeper grades often cause animals to
slip backwards, damaging their feet and bellies (Pooley
1990; Ziegler 2001). Crocodiles are very susceptible to
repeated abrasions of the feet and ventral surface which
can lead to infection and, if untreated, death (Pooley 1990).
The finished texture of concrete used to construct pools
must be very smooth (Pooley 1990). This can be achieved
with either a fiberglass or paint finish, which will also aid
in cleaning (Pooley 1990; Britton 2001). Particular
attention should be paid to the shallow areas of the pool
(haul-outs), where crocodiles will be expected to enter and
exit the water. Extending the concrete approximately 1 m
or more around the entire edge of the pool will reduce
debris entering the pool and maintain a safe obstruction-
free zone for maintenance personnel (Suvanakorn and
Youngprapakorn 1987) (Figure 9).

Water depth only needs to be enough for an adult animal
to fully submerge (1 m is plenty for even the largest
crocodiles) (Hutton and Webb 1994; Ziegler 2001). There
should be sufficient area of deep water for all animals in
the enclosure to be submerged at the same time (Ziegler
2001). If the enclosure is to be used for breeding it should
incorporate a large area of deeper water (> 1 m) to
promote successfully this behavior (Lang 1987a). Deeper
pools may be used but have several disadvantages. Deep
pools are more difficult to keep clean, make uneaten food
harder to recover, and require more water at scheduled
drain and refill intervals (Hutton and Webb 1994; Ziegler
2001). They can also present a safety hazard by allowing
crocodiles to approach keepers unseen, although this can



be reduced by constructing deeper areas farther from the
edge (QLD 1997; Ziegler 2001).

Landscape Design

Landscape design can be simple or complex as long as it
meets the basic needs of crocodiles. These needs include
well-drained ground substrate, areas of sun and shade for
thermoregulation, and barriers to allow visual and physical
separation between enclosure mates (Ziegler 2001).
Landscape design should also be created with keeper
safety in mind. Areas near the water should be clear in
order to allow keepers to maintain visual contact with the
animals. There should also be several easily accessible
escape routes available (Ziegler 2001). Generally it is
suggested that furnishings be avoided. If they are to be
used in exhibits, they should be secured to avoid their
being displaced and potentially causing injury to the
animals (Ziegler 2001).

Suitable options for ground cover include grass or fine
sand (Britton 2001; Ziegler 2001) (Figure 7 and Figure 12).
These substrates will drain well and provide a non-
abrasive surface for the crocodiles. Many types of soil
provide adequate results as long as they drain and dry
quickly (Britton 2001). Animals kept in a constantly damp,
poorly drained environment are subject to a high
possibility of bacterial infection (Ziegler 2001). Substrates
such as rock and woodchips can cause intestinal blockage
if ingested and provide a breeding ground for bacteria
(Ziegler 2001). Enclosures can be sparsely or densely
planted so long as adequate shade is provided for all
animals (Britton 2001) (Figure 7 and Figure 12).

Figure 12. Simple enclosure with sand substratér,
shade cloth, and all areas visible.
Credit: Matthew Brien, 2006

A more densely planted ground area will help to reduce
aggression by creating physical and visual barriers
between individuals, but requires more dry land (Ziegler
2001). Be sure that plant species used in the enclosure are
non-toxic. Consider animal size when planning your

landscape. Woody plants and tall sturdy grasses tend to be
hardier and better withstand repeated abuse by large
crocodilians (Britton 2001; Ziegler 2001). Species of short
clumping palms make excellent landscape barriers and are
sturdy and aesthetically pleasing. Enclosures housing sub-
adults can often be much more ornate than those intended
for mature specimens (Britton 2001). If sparse landscaping
is desired, large logs and boulders can be used to create
necessary barriers, and plywood shelters to provide shade
(Ziegler 2001). Exhibits intended for public observation
should have plantings oriented perpendicular to the
viewing areas to provide a quality viewing experience
(Ziegler 2001).

Staff and General Public Safety

All the guidelines presented in this paper, particularly
regarding construction, have been designed to achieve a
high level of safety and minimize risk of negative
humancrocodile interactions within a facility. However,
crocodiles are large, unpredictable, fast, powerfully strong
predators, so it is the responsibility of the facility to ensure
that all staff are appropriately trained (QLD 1997). Caution
and safe practices should always be executed and
reinforced with staff to prevent laxness. If the facility offers
an exhibition section, inevitably children will be present at
times. Staff should always be vigilant about monitoring
visitor behavior and ensuring rules regarding safety are
strictly adhered to (Table 1 and Figure 13). It is also
essential that the construction of the "exhibit" enclosure
ensure that visitors can not come in to direct contact with
the crocodiles (QLD 1997). This can be assured by
including an extra "safety" barrier or fence around the
actual fence of the enclosure (Whitaker and Andrews
1998).

Figure 13. Signs reinforcing safety should be placed
throughout any facility open to the public.
Credit: Matthew Brien, 2006
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Water Quality and Maintenance

General Maintenance

Maintenance requirements will vary greatly depending on
the overall size and landscape design of the enclosure, size
and number of crocodiles housed, water quality desired,
and the chosen substrate for ground cover. It will also be
important to balance frequency of cleaning with
minimizing stress to individuals (Pooley 1990; Hutton and
Webb 1994). Land area of enclosures should be kept dry
and free of loose debris, feces, and uneaten food (Pooley
1990). Also, land areas should be scrubbed occasionally
with dilute disinfectant (Hutton and Jaarsveldt 1987;
Hutton and Webb 1994). However, the most important
aspect of cleaning will be associated with the water and
pond area, as this is where most bacteria and disease
generally occur (Hutton and Webb 1994).

Water Quality

As enclosures typically contain a water body encompassing
50% of the total area, it is crucial that good water quality
and optimum temperature are achieved (Vernon 1994;
Britton 2001). Water used in the enclosure should be fresh
water (Hutton and Webb 1994; Britton 2001). If the water
is to be chlorinated, it should be maintained at very low
levels (2-3 ppm). Any uneaten food should be removed
from the water daily to avoid dangerous bacterial levels
(Pooley 1990). To maintain high water quality, it is
recommended that pools be drained, rinsed, and refilled
with clean water on a regular basis to ensure good water
clarity and to prevent disease (Elsey et al. 1994; Hutton
and Webb 1994). The frequency of cleaning and water
changes will be dependent upon pool volume, crocodile
density, size of animals, and other variables, such as food
type and environmental conditions. Dilute disinfectant
should also be used to scrub out the pond bases on
occasion (Hutton and Webb 1994). However, it is crucial
that all disinfectant is thoroughly washed out before
crocodiles are allowed to return to the water (Hutton and
Webb 1994). While cleaner water is never detrimental and
better visibility increases keeper safety and visitor viewing
enjoyment, cost and availability of clean water may be
prohibitive to frequent change intervals (Pooley 1990).
Algal growth usually affects water clarity well before
bacterial conditions become dangerous for crocodiles, and
some facilities change water as infrequently as every 2-3
months (Ziegler 2001). If cleaning of the water occurs too
frequently, it may also be counterproductive by causing
undue stress through keeper presence and rapid changes
in water temperature (Smith and Marais 1994). Consider
the priorities of your facility and experiment with different
full and partial water change schedules to achieve the
desired results.
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Heating and Thermoregulation
Requirements

Ensuring that constant, warm optimum temperatures are
maintained within the enclosure is essential to the health
and growth of crocodiles (David 1994; Smith and Marais
1994). Fluctuating temperatures ultimately result in
decreased growth, high mortality, and instances of disease
(David 1994). If dramatic shifts in temperature occur in
the area, such as those associated with frosts and cold
fronts, constantly heated water or an indoor retreat with
heat need to be provided (Whitaker 1987). As individuals
may seek refuge within the water, temperatures should
always be stable to counter fluctuating air temperatures
(Hutton and Webb 1994; Vernon 1994). It is therefore
necessary that a heating element is installed within the
water (Hutton and Webb 1994; Vernon 1994). Optimal
growth in crocodilians has been found to occur around
31°C, with appetites and effective digestion diminishing
below 29°C (Coulson and Hernandez 1964; Coulson and
Coulson 1986). Ensuring an appropriate thermal gradient
within the enclosure will also enable individuals to
thermoregulate effectively (Lang 1987b; Smith and Marais
1994). This can be achieved by positioning the enclosure
so that it maximizes natural heating and cooling processes.
As certain times of the day will become either too hot or
cold, heating sources and adequate shade should also be
provided (Hutton and Jaarsveldt 1987) (Figure 7 and
Figure 12).

Diet and Feeding

Providing individuals with enough food to ensure optimal
growth is important, but overfeeding should be avoided as
it can lead to obesity and associated disease (Pooley 1990).
Growth rates of crocodilians are rapid during the first few
months of life and require feeding at least 6-7 times a week
(Whitaker and Andrews 1998). Once individuals reach
sub-adult size they only need to consume 8-10% of their
body weight a week (Whitaker and Andrews 1998).
However, size, body condition, species, age, sexual
maturity, breeding condition, and season can all influence
individual requirements. Determining the optimum rate of
feeding for individuals in a facility requires some trial and
error (Pooley 1990; Whitaker and Andrews 1998).
Generally, crocodilians will increase their level of
consumption during warmer months of the year, while
decreasing it during the cooler months (Pooley 1990).

Despite accounts of different species in the wild feeding on
carrion and "storing" food until it is rancid, crocodilians
prefer fresh food (Webb and Manolis 1989). Crocodilians
also fare better when fed a diet that is high in protein, as
research suggests that crocodilians utilize protein over fat
as an energy source (Hutton and Webb 1994; Smith and
Marais 1994). If the food source does not already include
high levels of calcium, in the form of bones, it is important
that a calcium supplement be included (Hutton and Webb



1994). Crocodilian skin contains bones known as
osteoderms. Providing calcium-rich food not only
eliminates bone disorders and abnormalities but can
improve the quality of skins (Webb and Manolis 1989;
Pooley 1990). Vitamin supplements should also be
provided to further boost immune systems and minimize
mortality (Hutton and Webb 1994; Smith and Marais
1994). It is believed that providing individuals with the
appropriate amounts of amino acids, vitamins, and
minerals can significantly reduce the detrimental effects of
stress in captive crocodilians (Smith and Marais 1994).
This is important as, despite the best husbandry and
management practices, crocodilians will still inevitably
suffer certain levels of stress under captive conditions
(Elsey et al. 1994). It is recommended that food be
presented in bite-sized portions to reduce the mess caused
by individuals when feeding (Webb and Manolis 1989;
Pooley 1990). If meat is to be frozen, it should be fresh and
sealed in plastic. Meat should never be refrozen once
thawed, as this will result in high levels of bacteria (Pooley
1990). Red meat is commonly the preferred food source
for crocodilians (Elsey et al. 1994; Hutton and Webb
1994). However, minced meat and meat high in fat should
be avoided as it will only foul the water which will create
an environment for disease (Lang 1987a; Elsey et al. 1994;
Hutton and Webb 1994). Fresh or fresh-frozen chicken
heads, carcasses, and fish are also other options. In the
wild, fish constitute the main prey item of American
crocodiles (Britton 2001). Regardless, it is important to
provide crocodilians with a varied diet for optimum results
(Pooley 1990). Feeding captive crocodilians a mono-diet of
fish has been correlated with an inability to produce fertile
eggs in Morelet's crocodiles (Hunt 1980).

Any savings achieved as a result of providing lower quality
food will ultimately be offset by negative implications on
the crocodiles (Pooley 1990; Elsey et al. 1994). A poor diet
will lead to decreased fertility, stunted growth, bone and
teeth disorders, and reduced immunity to disease (Pooley
1990). It is especially important to strictly adhere to a high
protein and calcium-rich diet for hatchlings and juveniles
less than one year, as they are highly susceptible to disease
and mortality (Hutton and Jaarsveldt 1987; Webb and
Manolis 1989).

Captive Breeding and Rearing of
Crocodilians

The ability of individuals to mate successfully and produce
viable offspring in captivity presents an important
indicator as to how effectively husbandry and management
practices are being employed within a facility (Elsey et al.
1994). If practices are inadequate, they will be
demonstrated by infertility and failed hatching (Elsey et al.
1994). It is imperative that the standard of husbandry
practices be at its highest in the breeding, incubation, and
hatchling sections of a facility housing crocodilians.

Breeding

As with most aspects of housing crocodilians, successfully
breeding individuals can be difficult at best with a number
of variables that need to be taken into consideration. As a
general rule, males should always be larger than females,
and the male-to-female ratio of individuals in an enclosure
skewed heavily towards females (Child 1987; Lang 1987a).
One-to-one sex ratios may be preferred, especially in
highly aggressive, territorial species and for individuals
introduced from the wild (Joanen and McNease 1971;
Hutton and Webb 1994). However, this ratio is not always
economically or practically feasible. Therefore, other
stocking options of one male to several females in a several
hectare pond can also be employed. Optimal stocking rates
will be ultimately dependent upon size and species (Elsey
et al. 1990; Elsey et al. 1994).

As both C. acutus and C. moreletti demonstrate a high
degree of tolerance for conspecifics in captivity, they may
be stocked at higher densities. If physical barriers and an
irregular-shaped pond are provided (see Pool Design and
Construction), more individuals can be stocked in a smaller
area and bred with considerable success (Lang 1987a;
Morpurgo 1992). This has been demonstrated for species
such as the Nile crocodile (Crocodylus niloticus), in which
all males were known to establish a small territory and
successfully mate when housed in an irregular-shaped
pond (Morpurgo 1992). Smaller females that usually have
their reproductive activity suppressed by larger, more
mature, females have also been found to breed and nest
more successfully in such an enclosure (Morpurgo 1992).

It is strongly recommended that breeding stock be
obtained from captive bred animals if possible. They will
tolerate captive conditions and breed more successfully
and at an earlier age (Joanen and McNease 1971; Lang
1987a; Hutton and Webb 1994). Female and male
crocodiles will generally take between 4-15 years to reach
maturity, or at between 2-3 m in length depending on the
species and quality of husbandry (Lang 1987a). Maturity is
effectively size dependent and can be achieved at earlier
ages if growth and development is increased under captive
conditions (Lang 1987a). The number of eggs in a clutch
and the fertility of the embryos will generally increase with
age and maturity (Lang 1987a). A decrease in fertility and
clutch size will occur at about 20 years of age, depending
on the species (Lang 1987a). Female C. acutus become
sexually mature at 2-2.25 m in length and have a courtship
period that can last up to 2-3 months (Kushlan and
Mazzotti 1989). C. moreletti reach sexual maturity at 7-8
years of age, or 1.5 m in length (Platt and Thorbjarnarson
2000).

Nesting

Adequate areas for nesting should be provided to ensure
that every reproductively mature female can access a site,
with each site appropriately spaced (Lang 1987a). This will
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reduce fighting over nest sites and during nesting. The
sites of nests can be manipulated by strategically placing
nesting materials within the enclosure (Lang 1987a).

American crocodiles are extremely adaptable in their
nesting strategy, and while they are mainly recognized as
hole-nesters, individuals will readily build mound nests if
suitable materials are provided (Kushlan and Mazzotti
1989; Thorbjarnarson 1992). Morelet's crocodiles are
predominantly mound-nesters (Thorbjarnarson 1992).
The females of both species have been known to lay eggs
within the same nests as conspecifics, suggesting a more
gregarious and tolerant demeanor (Kushlan and Mazzotti
1989; Britton 2001).

It is important to select nesting sites that are open, easily
accessible, and away from deep water. Once eggs have
been laid, they will need to be gathered for artificial
incubation (Hutton and Webb 1994). Collecting eggs from
nests is very hazardous, especially involving species in
which the females are highly protective (QLD 1997). This
process requires people to gather the eggs, protect the

gatherers, and keep lookout or oversee the whole situation

to prevent an accident (QLD 1997). It should always
involve a coordinated effort from an experienced team of
at least 2-3 people, with more people advisable depending
on the situation (QLD 1997).

There have been a wide range of nest defense behaviors
noted for C. acutus, from non-existent to highly aggressive
(Groombridge 1987; Kushlan and Mazzotti 1989;
Thorbjarnarson 1992). Females of this species have also
been known to abandon nests entirely if disturbed
(Kushlan and Mazzotti 1989). C. moreletti on the other
hand will aggressively defend their nests against any
intruders with males even participating in the protection
of young (Rainwater et al. 2000). Therefore, great care
should be exercised when removing eggs from nests of
species that are protective.

Incubation

Ideally, crocodilian eggs should be placed in an artificial,
climatically controlled incubation chamber with a
thermostat (Hutton and Webb 1994; Ojeda et al. 1998)
(Figure 14). Once eggs are collected, the top orientation of
the egg in the nest should be marked and placed in the
incubator in approximately the same position to prevent
embryo mortality (Hutton and Webb 1994; Ojeda et al.
1998). Eggs should be cleaned with fresh water and
possibly disinfected with an antifungal treatment before
being placed in the incubator (Hibberd 1994). This has
been found to increase fertility by up to 80-85% for C.
moreletti in a farm situation (Ojeda et al. 1998). Handling
of eggs should be kept to a minimum, and initial washing
should be done through irrigation rather than by hand
(Hibberd 1994). The recommended substrate is either
vermiculite or sand that should be kept moist, but not wet,
to avoid both desiccation and saturation of the eggs

(Hibberd 1994; Hutton and Webb 1994). However, eggs do
not require a substrate if precisely controlled
environmental conditions can be achieved (Webb and
Manolis 1989).

Figure 14. Eggs placed in moist, warm, artificially
controlled incubation chamber.
Credit: Matthew Brien, 2006

For C. acutus, clutch sizes tend to be between 30-60 eggs
(Thorbjarnarson 1989) while C. moreletti lay around 20-
40 eggs (Thorbjarnarson 1992). Incubation times are
generally between 80-90 days for both species, but this is
essentially temperature-dependent (Britton 2001).
Incubation times for C. moreletti have been achieved at
around 69 days in captivity at higher temperatures (Ojeda
etal. 1998).

From a captive study in Mexico, C. moreletti appear to
incubate successfully at a temperature of 32°C, with a
relative humidity of greater than 90%, and a high gas
exchange (Ojeda et al. 1998). This is similar for most other
species of crocodilians, with recommended incubation
temperatures at between 31-33°C, almost 100% relative
humidity, and good air flow, ideally bubbled through water
(Webb and Manolis 1989; Ojeda et al. 1998). It is crucial
that temperatures remain constant or at least within a few
degrees (31-33°C). Large fluctuations outside of the
normal range (>34°C and <29°C) can result in
abnormalities or mortality (Webb and Manolis 1989;
Hutton and Webb 1994).

Hatchlings and Grow Out

Crocodilians are most vulnerable and susceptible to
disease, stress, and mortality in the first year of life
(Hutton and Jaarsveldt 1987; Webb and Manolis 1989). In
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the wild, survivorship can be typically as low as 1% (Mayer
et al. 1998). Although survivorship of hatchlings in captive-
bred situations is significantly higher, it has still been
found to be as low as 70% for species such as C. porosus,
even when provided with ideal conditions (Mayer et al.
1998).

Hatchlings generally emerge at a length of 12-30 cm
depending on the species (Lang 1987a; Webb and Manolis
1989). They should be placed in a darkened rearing
enclosure with shallow, heated water at between 30-33°C,
with the option to increase their body temperature to 35°C
(Webb and Manolis 1989; Smith and Marais 1994) (Figure
10 and Figure 15). Temperatures above 36°C or below
28°C have been found to significantly increase stress levels
and mortality in hatchlings and should be avoided (Turton
1994). Tanks can be concrete or plastic with simple and
effective drainage and a constant warm temperature (Elsey
et al. 1994; Mayer et al. 1998). Hide boards can also be
used to provide cover and help reduce stress.

Figure 15. Darkened, climatically controlled, cement
ponds provided for hatchlings and grow out animals.
Credit: Matthew Brien, 2006

As with all other size classes the temptation to stock
hatchlings at high densities should be avoided (Pooley
1990). Optimal stocking rates can be achieved through
trial and error. Individuals should also be segregated
according to their respective size class (Pooley 1990). It is
recommended that temperature fluctuations, loud noise,
and changes in diet be avoided (Webb and Manolis 1989;
Thuok 1998). They should be fed strictly a fresh, high
quality diet (see Feeding and Diet). As a general rule,
feeding should occur 6-7 days a week, and then reduced to
3-4 days a week after 3-4 months. After one year they
should be fed every other day. It is important that the
handling of hatchlings be kept to an absolute minimum,
and that the design of the tanks enables regular and
effective cleaning with minimal disturbance
(Huchzermeyer 2002).
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Table 1. Public Safety Guidelines for a Crocodile Facility. (Source QLD 1997).

Safety
Mechanism

Definition

Instructions to Public

Signs

Signs should warn about risks associated with
crocodiles and should be displayed at the
entrance to the facility

Inform public they are about to enter a
crocodile area

Children must be accompanied and
supervised by an adult at all times

Children must not sit/climb on fences, or
place fingers/limbs through fences

Objects such as rocks, sticks and
especially food should not be thrown
into enclosures

Members of the public should not enter
the enclosures

Verbal
Information

The public should always be informed about ways
to ensure safety before entering areas containing
crocodiles

Remind the public about dangers
associated with crocodiles and safety
precautions in place at the facility

Staff need to be vigilant in ensuring the
public does not act in an unsafe manner

Encourage questions regarding safety,
within the facility and in the wild

Appropriate
Staffing

Staff should be adequately trained, and the
number on duty should be able to undertake the
tasks required to be performed at any given time

'This document is CIR1513, one of a series of the Department of Wildlife Ecology and Conservation,
UF/IFAS Extension. Original publication date December 2007. Visit the Ask IFAS website at
https://ask.ifas.ufl.edu/ for the currently supported version of this publication.

2Matthew L. Brien, former research assistant, Department of Wildlife Ecology and Conservation.; Michael S.
Cherkiss, senior wildlife biologist, UF/IFAS Croc Docs, US Geological Survey.Croc Docs profileUSGS profile;
Mark W. Parry; Frank J. Mazzotti, professor, Department of Wildlife Ecology and Conservation, UF/IFAS Fort
Lauderdale Research and Education Center; UF/IFAS Extension, Gainesville, FL 32611.

The use of trade names in this publication is solely for the purpose of providing specific information.
UF/IFAS does not guarantee or warranty the products named, and references to them in this publication
do not signify our approval to the exclusion of other products of suitable composition.

The Institute of Food and Agricultural Sciences (IFAS) is an Equal Opportunity Institution authorized to
provide research, educational information and other services only to individuals and institutions that
function with non-discrimination with respect to race, creed, color, religion, age, disability, sex, sexual
orientation, marital status, national origin, political opinions or affiliations. For more information on
obtaining other UF/IFAS Extension publications, contact your county's UF/IFAS Extension office. U.S.
Department of Agriculture, UF/IFAS Extension Service, University of Florida, IFAS, Florida A & M University
Cooperative Extension Program, and Boards of County Commissioners Cooperating. Andra Johnson, dean
for UF/IFAS Extension.
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