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assures us a constant supply of inexpensive trash fish not suitable for
human consumption; the price is 5¢ per kg.

Breeding of Crocodiles in Captivity

We have two large breeding ponds, one about a half acre (0.2 ha) in area,
the other almost one acre in area; at present we are building a third breeding
pond, ' The ponds are surrounded by a land area somewhat larger than the
water area; this large area permits a good deal of freedom of movement to
the crocodiles. Shade is plentiful at both pools. Near the water's edge the
land area is covered with concrete to prevent toeo much soil, sand and debris
from falling into the water; away from the water, there is both sand. and
grass. The ponds are concrete and of irregular shape, The depth is about
1.5m. The ponds are never drained because this disturbs the crocodiles;
instead, fresh water is circulated as necessary.  About 300 m3 of water are
used per day. The water is not treated and algae has not been found to be a
problem. - Around the edges of the land area, there are 50 nesting stalls
cach measuring about 4x 4 m, with a 60x 60 c¢cm door facing the pool; this
door is easily defended by the female, The top of the stall is open to the air
and each stall has a drainage ditch in the rear to avoid flooding of the nests
during rainy periods.

Adjoining the large breeding ponds are smaller feeding ponds, which are
approximately 8 m square and 50 cm deep. The water level of the feeding
ponds is maintained 20 cm lower than the water level in the breeding ponds to
minimize contamination. FEach day at 1630 hrs fish are dumped in the feeding
pond; the pond is cleaned daily after feeding. The crocodiles are given as
much food as they will eat, and any food left over is subsequently removed.
Since the crocodiles all come to the feeding ponds, it is possible to observe
any illness or injury to individuals. ' ' T

Each pond containg over 200 individuals, with ages varying ﬁj:_on_a 12 to 35
years.  We have found that siamensis reaches sexual maturity in 10-12 years
and that porosus reaches sexual maturity in 12-15 years. The sex ratio in
the ponds is one male to three females, but we believe that during the breed-
ing season one male forms & relationship with only two females. The pres-
ence of the third female helps assure that each male will be able to have two
receptive females., The mating season lasts from Decgmber until March and
the majority of mating activity oceurs at night. . During this period, the
males occasionally fight among themselves, usually at night; such fighting
results in one or two deaths per year.

Eggs are laid from the end of April until july., We place nesting ma-
terials of dried grass in a loose pile in the nesting stalls about two-weeks
prior to egg laying. Females usually choose a stall about one week before
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the eggs are laid; they make frequent trips into their stall, and actively
defend its area against other females. Fighting occasionally occurs hetween
two females attempting to nest in the same stall, The female takes from one
tc seven days to prepare the nest; nest building activity is greater during the
night, The female mixes grass and sand with her hind leggs, forming a soft
depression about 20 cm deep and 25 cm wide. . She rarely uses her front legs
in nest building, but her mouth is used to help crush grass to mix with the
sand. Large tears can be seen streaming from the corners of the female's
eycs from three to five days prior to egg laying. The laying of eggs usually -
takes place between 0600 and 0900 hrs. The 20 to 50 eges are'laid in the
depression in about five minutes. The female then uses her tail to sweep a
larger pile of grass over the ¢ggs, building a nest with a total height of about
70 cm from ground level. Occasionally the female urinates on the nest; we
believe this may help the decomposition process., ' '

© After egg laying, we chase the female out of her nesting stail; she is
denied subsequent entry. ‘The temperature of the nest is tested at least four
times a day, especially just after sunrise and just before sunset. If the tem-
perature exceeds 98° grass is removed from the top of the nest, thus low-
ering the temperature; if the temperature drops below 95° F, grass is added
to the nest to raise the temperature., During an unusually dry year, water is
sometimes sprinkled over the nest to maintain sufficient moisture . :

If a shortage of stalls occurs, several nests are moved into one stall,
Porosus lays about 30-50 ¢ggs, which hatch alter 78-80 days; 40-50% of the
cggs hatch. Siamernsis lays about 20-40 eggs, which hatch after 67-68 days;
50-60% of the egos hatch. In 1970, we were able to hatch a total of =
3500 eggs. S . S o

Care of Yoﬁng Crocodiles

When the eggs are hatched, the young crocodiles are placed in concrete
nursery tanks measuring 30x50x40 cm. These tanks have a wooden floor
and a small bathing trough; they are screened- against rodents and insects,
especially mosquitoes. About 8-15 young are placed in each of over 200"
nursery tanks. The young do not eat for the first week or ten days; there-
after, they are fed coarsely chopped fish until they are large enough to be

moved to a larger tank, at which time they are fed whole fish. Arcind
20-30% of the hatchlings die in the first year of lifc; some of these early
fatalities are stuffed and sold as souvenirs. The fatality rate among croco-
diles over one year of age averages less than 3% per year. '

As the young crocodiles grow, they are moved to larger and larger
concrete tanks, always being kept with age-mates and in crowded conditions.
We have 30 tanks 1.25 cm square, 28 tanks 2 m square, ‘and 80 tanks 3.6 m
square. Partitions between tanks can be removed to make larger tanks.




- 101 -

Summary
ladrdepuiatatt A

To summarize, we feel that there are eight necessary factors leading to
our success in breeding porosus and siamensis:

i} Climate. The climate at Samut Prakan is the same as that of the
natural habitat of these two species.

2) The breeding population. Our breeding populations are quite
large, with over 200 invididuals in each of two breed-
ing ponds .

3) Feeding. The crocediles are fed as much as they will eat; feeding
is done in the water, not on land.

4) Nesting -stalls, The stalls ave individual, with a small, easily
defended door facing toward the water.

5) ‘Nesting material, Nesting materials are similar to those used
in the natural habitat, and the female is allowed to .
make her own nesting arrangements.

6} Incubation. The incubation temperatuxe is carefully cﬁec__ked, but
' is controlled by "natural’ means. S

7) Sex ratio, The sex ratio of one male to three females allows
cnough flexibility to ensure that each male will have
access to two receptive females.,

8) Breeding area, The breeding’ area'is large enough to allow the
' " crocodiles a large degree of freedom of movement.

We are very fortunate in Thailand to have the requisites for breeding
crocodiles, and we will be happy to make facilities available to IUCN for the
breeding of other endangered species of crocodiles. We will care for themj
feed them, show them to the public to increase interest but, most important, |
when we have breeding success, we will ship the offspring to other breeding. o
stations and zoos which are approved by IUCN. Hopefully, in the future, we ' *
will even be able to return crocodiles to their former natural habitat, or at
least to protected national parks or game reserves. To speed the arrival of
this time, I invite any accredited scientists who would like to conduct reseaxch
in crocodiles to come to the Samut Prakan Crocodile Farm. We are eager to
make your research most profitable for the continued existence of the
endangered species of crocodiles.
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ANNEX
A NOTE ON SCME DISEASES OF CROCODILES IN THAILAND

U. Srisomboon, D.V.M.
Bangkok, Thailand T '

Until 1970, diseases of crocodiles in Thailand had not been studied; although -
the Bangkok Zoo has several species of crocodile, they have been found to be
the ‘animals most resistant to disease in the zoo, So veterinary care is sel-
dom required. Until the private crocodile farm belonging to MxrUtal Yang-
prapakorn was opened to the public in 1970, few crocodile carcasses were
sent for examination to the Veterinary Laboratory at the Department of Live-
stock Development. Since the opening of the Farm, I have been the consul-
ting veterinarian for Mr Utai; I have set up a small laboratory at the F Farm,
and am now studymc normal blood counts. The normal blood structure is
as follows:

White blood corpuscle 609,200 / mm3

‘Red blood corpuscle : ) o _49’7,7(50 / mm?3
Haematocrit 25 -256%
Haemoglobin | 7.3 gm/ 100 ml

Mature crocodlles do not seem to be susceptible to infections; only
benign tumours caused D y chronic wounds are observed., These are removed
by surgery when neces sary. VWounds usually occur during fighting among the
crocodiles, especmlly among males in the breeding scason.

In crocodlles up. ao the age of 1 1/ 2 years, mfectlons of the alimentary
tract are, someumco observed; most of these are ‘due to food poisoning.
_The specxes of. bacterla found 1nclude Enterobacterm, Staphylococcus spp.,_‘
Streptococc,‘.us spp. N zmd ch’cosplra.

W ¢ have experlenccd txouble among crocodlles Whlch the Farm has
bought from outside saurces, these animals have often been mlstreated and
most of them are inpoox condltlon. The first symptcm observed is ‘the
inflammation of the eyehdu, followed by general wemkness and dlarrhoea, _:f
death usually follows Jin-about two days. Post mortem exammatmn shows
that the alimentary tract is involved. Bacterlologlcal exammatlon has shown
that a pathogenic strain of enterobacteria was involved. Since we take’




sanitary precautions with the fish we feed to the crocodiles, there are
few such cases among the crocodiles hatched at the farm.

Generally, the crocodiles seem to be quite immune to disease; in 1970,
39 cases of disease or injury only were found in a population of 11,000 indivi-
duals. These were distributed as follows®

Disease Cases
Leptospiresis Z
Roundworin (Ascaris) 2
Tapewo'rm - 1
" Pneumcnia 3
Stomatitis 6
Food peisoning 1
Benign tumour _ 18
Pericarditis 2
Oedema in pericardial cavity 3
1

- Pleuritis

Conclusion

Disease in mature crocodiles is not common, though some young croco-
diles at the age of 1-2 years may be affected by enterobicteria,y In a
few cases, leptospirosis is involved; contamination of fish is probably the
Cause. Samitary precautions in feeding minimize the incidence of disease.
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Paper No 1l

CROCODILE REARING AND RESTOCKING

A.C. Pooley ,
Natal Parks, Game and Fish Preservation Board

In almost every country in which the Nile crocodile Crocodylus niloticus is
found, it is in a serious plight. Illegal poaching by tribal people with their
simple but highly effective traps and snares, as well as professional hunters
operating with power boats, spotlights and modern firearms have decimated
this animal over most of its former range. In addition, each year more
swamps and marshlands are drained, rivers dammed, riverine forest de-
nuded and disturbance of breeding areas created. Suitable habitat is dis-
appearing rapidly. Conservation departments have been slow to introduce
protective legislation for an animal that does not engender sympathy; because
most departments are short-staffed and bave cnormous areas to police, this
protection is largely ineffective. o

The writer is fortunate to have been working with the Natal Parks, Game
and Fish Preservation Board in Natal, where complete protectiorl has long
heen given to crocodiles in the game and nature reserves, and, for some
time, even outside these areas. Interest in captive propagation arose largely
because of a noticeable reduction in the crocodile populations outside the wild
life sanctuaries; the Beard encouraged this interest and permitted thic author
to establish an experimental crocodile farm in northern Zululand. The
programme of protecting nests from predators, artificially incubating eggs,
distributing hatchlings and releasing young reared animals has proved to be
a successful consefvation exercise. ' S e

During the past few years there have been several attempts at commer-
cial crocodile farming but most have failed because the prospective farmers
lacked experience., Many thousands of eggs perished and young stock died
of disease. /

The purpose of this guide is to describe a simple method of rearing
crocodiles, based on practical experience of hatching and rearing 10C0
crocodiles over several years. In addition, other workers and the available
literature have been consulted and most of the commercial farms operating in
Africa have been examined., Many conservation bodies may in the future
establish crocodile rearing projects and others will be responsible for issuing
permits to private enterprise. Some legislative and administrative recom-
mendations are therefore also included.
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Conservation Recommendations

General

Legislation should be in operation throughout the country protecting the cxroco-
dile, It should be unlawful to i<111 capture by amy means Whatsoever disturb
Wllfully or pursue any crocodiles, or harvest, collect ox” gathur any €roco-

‘dile eggs without a pexrmit.

A permit should be required to import or export any crocodile whether
dead or alive, or any pertion of a crocodile, whether processed or not, from
any country.

No crocodile egg or eggs should be allowed to be imported into, or
exported out of any country, without a permit.

No person should possess, sell, buy, donate, receive éénsetluent upon
a donation, convey , keep in captivity or display any live crocodile, without
bemg the holder of a permit.

Before any rearing scheme is commenced, a survey of the breeding:
grounds should be undertaken to determine the number of nests available.

These bi‘eeding grounds should be fully protected and touristé on foot, by
vehicle or in launches should not be allowed to visit or disturb breeding
crocodiles . ' '

The area should be fenced off for better protection if there 1s undue dis-
turbancn, by Iargc mammals, dome&,tlc stock or humans,

Prior to the commencement of egg-laying it may be necés'sary to take
precautions to prevent fires from nearby human habitation from spreading to
the breeding grounds.,

Predators, such as troops of baboons and monitor lizards, should be
artificially reduced if found to occur at breeding grounds., Predator control -
should in'no way disturb the crocodiles and should be carried out prior to .-
egg-laying or after hatching of every nest has been completed.

In addition to the culling of predators, protective screens may be used
over nests. These should be placed in position soon after laying commences.,
When a nest is found, the soil is dug away and levelled to within a few inches
of the top layer of eggs. A 1 m square screen, constructed of heavy gauge
wire meslk (either plain or plastic coated) with amesh size of not less than
3.5 cm, is laid over the nest area and pegged at 30 cm mtervals around its
perimeter before the nest is again covered:over with soil.
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At some breeding grounds, where several crocodiles nest in close prox-
imity in sandy soil, it may be difficult to determine the exact position of each
nest. To locate the eggs a 75 cm length of welding rod is used to probe the
soil for nests.,

During a secason of exceptionally high floocs it may be advisable to collect
all the eggs from a particular breeding ground before these are destroyed,
for artificial incubation, hatching and distribution of the young to safer areas.
Giten, the sparse vegetation affords little or no protection to hatchlings in the
vicinity of breeding grounds.,

The presence of numerous predators, such as monitor lizards, storks,
herons or pelicans, is also a threat to the survival of cggs and hatchlings.
After incubation, the hatchlings can be distributed to more suitable habitats,

If the policy is to incubate, hatch and rear the young for release at a
la_.terr stage, then the following factors should be considered,

To avoid ege wastage, decide how many crocodiles are to be reared,
Artificial incubation should hatch 80% of the total aumber of epgs collected.
Thus 500 eggs will be required to produce 400 crocodiles.

If epgs are to be harvested annually, nests should be raided in rotation,
collecting from a given nest one year, then leaving it undisturbed the next
year. I nests are systematically robbed year after yeal, ‘the parent will
abandon the nest site, Where crocodiles nest colonially, every effort must
be made not to disrupt the cology. Colonial nesting offers more successful
defence, against predators » wWhich may devour the cges before protective
screens can be placed. The collection of eggs should be staggered through-
out a breeding colony and here it is useful to map the locality of each nest for
future reference,

Ceontrol of commercial farms

Before granting a permit for private enterprise to establish a farm, the - -
Department should investigate the applicant’s land tenure and financial
resources, particularly since the farm will have to operate for some three to
four years before producing crocodiles suitable for culling. The applicant's
ability and experience of rearing crocodiles should be determined. A plan of
the proposed farm, mcludmfr details of water and food supply, as. well as the
proposed methods of harvestln:r Iood should be oxammod e
It is suggested that permits should be issued onthe following basis:

No permit for egg harvesting should be issued until adequate rearing
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facilities have been prepared. The permit should state name of holder and/ox
his authorized representative, the annual total number of eggs allocated fox
harvesting and the area where collection is permitted,

Permits should be issued on an annual basis only. The applicant should
understand that the department may refuse to rencw or issue further permits
if the farm is not managed satisfactorily or if permit conditions have not been
observed, '

The applicant should understand that the farm and all production records
should be available for inspection by an official of the conservation depart-
ment.

The farmer should be required to submit monthly reports detailing the
total number of nests raided, eggs harvested, egg-mortality and number
hatched. Thercafter, details of numbers held in captivity, mortality and its
causes if known, and animals sold or culled, should be submitted in each
monthly report.

It is recommended that the permit holder should release 5% of his annual
crop of hatchlings in order to restock the natural habitat, In addition, a
further 5% of the hatchling crop should be reared to a length of 1m before
being similarly released; thus bringing the total release of young crocodiles
to 10% of the annual crop of hatchlings. :

The distribution of hatchlings and of young reared animals should be
supervised by the conservation department. ‘

Practical Farming

Hatchery requirements

The practice of building the hatchery alongside the rearing ponds is not re-
commended because of the liability to disease-transport by flies, ants and
beetles attracted to the discarded egp shells and, in turn, to the food.in the.
rearing ponds.

The hatchery site should be chosen with a view to the prevailing wind .
direction and heavy rains and it should have a sunny aspect. The area should
havé a well drained sub-surface, since an impermeable layer of rock just
below or at nest-depth will lead to the flooding of each nest after heavy rain.
The hatchery should not be built close to any foot path, road or human habi -
tation, the reason being that the young are sensitive to-vibration or surface-
distutrbance close to the time of their emerging, so this should be minimized.




The hatchery should be adequately fenced against burrowing and avian
predators, using neiting of 1 ¢cm mesh buried to a depth of 60 cm and exten-
ding above ground to a height of 2 m. Larger mesh (or oven criss-crossecd
strands of baling wire}) may be used to make the roof.

A section of the enclosure should provide shade at all times of the day
and should afford shelter during heavy rain or hailstorms, .A windbre:
should also be provided where the young may find shelter.

A shallow pool or trough of water about 30 .cm deep must be provided
under the shaded area of the enclosure. This should be designed to enable
the young to rest partly submerged, and must allow Casy access an exjit .
from the pool. Once hatching commences this peol should be drained,
cleaned and refilled deily, '

Harvestiag eggs

Eggs should be collected soon after being laid, especially if the journey back
to the hatchery involves a considerable distance over rough roads. With
eges in an advanced state of incubation there is the danger that the delicate
system of blood vessels or the yolk sac will rupture. Excessive bumping ox
jolting will Dbring about premature hatching and these crocodiles:have a poor
survival rate. : :

Collection should preferably toke place during the cooler hours of the
carly morning or late afternoon. . Opening a nest at midday, or placing eggs
on the hot sand near the nest produces a severe temperature shock that raay
cause premature haiching, even if the eggs would have required another two
to three weeks incubation, Prolonged exposure will certainly kill the
cmbryo.

BEach egg is marked on its upper surface to show how it lay in the nest,
and individual clutches are kept separate from the time of collection to final
incubation, When hatching commences it is then casy to determine from
which clutch the croaking sounds come, and this eliminates the unnecessary
disturbance of hundieds of other cpes. . After collection of the eges the
empty nest cavity is filled in and levelled off ready for the next season.

[

Transport “of eggs
Corrugaied cardboard: containers well padded with grass,.straw.or even
vegetation are - ideal, being light and easily carried long distances if -

aecessary,

‘Once packed, care should be taken to.keep the containers shaded from
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direct sunlight. In particularly hot weather the contents of each container
-can be thoroughly sprinkled with water before the lid is closed.

An alternative method is-to pack the eggs in wooden boxes filled with soil
from the nest. The box then muyst be filled completely to avoid damage to the
eggs during transport. The disadvantage of this method is the weight of a
full box.

A matiress of straw or dried grass 30 cm deep can be laid on the back
of a vehicle or in a boat before loading the eges. This is important if the
journey back to the hatchery is likely to be a bumpy one,

The permissible time-interval between collection and re-burying of egos
depends largely on the prevailing temperature conditions. Suitably-packed
€gps can be transported by air, boat or road for several days, but when air
tunpc:caturc,s drop below:15° € for a period of some hours, death will occur.

Incubation techniques

Each egg should be examined carefully before re-burying. Pierced, ‘badly
dented or flattened eggs should be discarded, as should infertile and .rotten
eggs which are detectable by their glazed or discoloured blue/green or grey
appearance. The contents of an addled egg will be liquid, The main reason
for removing these eggs is to avoid attracting ants, beetles and other harm-
ful ingects to the nest., '

Within the hatchery, artificial nests arc excavated in the sand in parallel
rows, allowing a:footpath 1.5 m.wide between rows and spacing nests 1.m
apart. - A nest size of 45 cm square is adequate, even for large clutqhe_s,
and should initially be dug to 2 depth.also of 45.cm. The eggs are thep
buried in three layers as is usually found in the wild nest., A space between
them allows for humidity.: The soil should be damyp: enough to squeezea
handful into a form, .. The:depth at which the top layer should be burled below
the surface depends on the soil type. Thus, inloam or clay, they should be
15 to 20 cm deep and in flne gand about 30 to 45 cm.

A sultable nest tempcrature range would br., in the region of 28 to 34. Coat
an average depth of 30 cm. This should be checked at intervals because
temperatures tend to rise as incubation progresses, QOnce the .eggs have been
buried a series of temperature recordings should be taken at two ~hourly inter-
vals. - From these:it will be possible to establish whether sand should be
removed or added over the nest site to achieve the desired nest temperature,

Hatching success is greatly improved if a book recording details of each
cluteh is.kept, which indicates the number of eggss remaining in each clutch
antd the date’on which hatcling commenced, This is dmiportant because,while
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some clutches may hatch prematurely, others may require up to an additional
14 days of incubation. Generally, once hatching commences and .the croco-
diles are seen to be normal, the remaining eggs are not left to incubate more
than ten days. I the hatchlings are premature (i.e. with extended abdomen),
the remaining eggs may be left up to 14 days, after which period they are
opened and will survive even if still premature, Often the unhatched croco-
dile becomes entangled with the umbilical cord and movement within the egg
is restricted. Unless these eggs are opened the crocodiles will perish.

In regions of poor summer rainfall or during a drought, it is necessary
to check the moisture- content of the soil weekly, If necessary, the nests can
be sprinkled with water until the sand around the eggs is suitably damp. This
should be done during the early morning or late afternoon.

As incubation progresses, the egg shells may crack extensively and
pieces may peel off, Providing the nest soil is suitably moist this is not
harmful. Should the soil become dry, the inner rubbery skin of the egg will
harden and adversely affect hatching success. Eggs in this condition can be
thoroughly dampened to soften this skin.

Nests should never be opened or inspected during the heat of the day.
Even if the young are heard croaking the nest can be left until it becomes
cooler,

The incubation period may vary between 11 to 13 weeks,. with.-an average
of 84 days. This will depend largely on the weather and nest temperatures.
Incubation may extend to 98 days.

If, after 84 days from the time of collection of newly laid eggs, there is
no apparent sign of hatching, the nest should be visited twice a day and the
surface sand distributed by scraping or patting over the nest. After 90 days,
the nest may be opened to expose the eggs for an hour during: the early
morning., Frequently this change in temperature induces hatching. The
playing of tape recoxdings, if available, of the grunts or croaks of the young
is an excellent stimulus to hatching.

No attempt should be made to break the umbilical cord of hatchlings still
attached to the empty egg shell, This cord will soon dry out, become brittle
and snap off of its own accord, For this reason crocodiles in this state are

"not immediately put into the water .. N

Once discarded, the egg shells should be removed from. the hatch;éry
before they attract numbers of insects.: Addled eggs -and dead embryos are
removed and buried elsewhere.

Hatchlings are normally kept for a period of 24 hours before remd\?él:ito
the rearing ponds. Before removal they are washed and packed in closed
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containers for transport. Any that may be premature (shown by their having
an extended yolk sac) are retained in the hatchery until such time as the
umbilical scar has healed., These individuals should be separated from the
others.

Rearing Pens

Siting

When selecting a site for a rearing station, several factors should be con- o
sidered: the volume of water available throughout the year; the distance to
pipe water to the ponds; and pumping costs. The quality of the water should
be established. Samples should be tested for salinity and acidity and, should
the supply be from mineral springs, analysed for harmful chemicals. Chlori-
nated water must be regularly tested to ensure that the chlorine content is not
too high and the nature of any factory effluents present should be determined,
It is of great importance to establish whether fish, frogs, crabs, molluscs L
or aquatic insects survive in the water intended for use. .

Bacterial analysis is advisable in instances where the water is drawn
from a river that drains an area densely populated by humans and livestock .
If the water is found to be contaminated, the use of the stagnant pond rearing - =
pen system is not advisable, particularly when Salmonella Spp. are present.
in high concentrations.

A filter system has advantages if water is pumped straight from a river
carrying a heavy silt load. Apart from not being able to see the animals in
the pools, the use of unfiltered water makes the pools more difficult to clean
and pipe lines become clogged with sludge. This can be eliminated by 'y
drawing water from a deep pit close to the river, so that the water collected
seeps through sand or mud and is thus filtered.

A reservoir or a series of supply tanks is very useful as an additional
method of filtering water and, in the event of failure of pumping equipment,

such a reserve supply may prove vital to the health and survival of the croco-
diles, '

The ponds should be sited to receive the maximum amount of sunshine,
particularly during the winter months. The type of pens required will depend- : |
on winter temperatures., Should these be cold, earth dams will be useful. jf: :
An ideal combination is to have earth pools for winter and cement pools for -
summer use. The soil types are the next consideration. If sandy and porous, |
earth dams are impractical, or require a lining of concrete to retain water.
On the other hand the water supply may be inadequate.
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A series of winter air temperature recordings would be useful in the
siting of rearing pens, since very often valley temperatures are several
degress lower than they are 50 to 100 m farther up-hill, Preference should
then be given to the warmer aspect, taking into account the direction of local
winds and heavy rains.

Drainage of the ponds must be carefully considered. If these are built
on a slight rise, drainage is far easier than if the ground ig level. It is not
desirable to allow water fouled in the ponds to stagnate nearby, so the drain-
age system must beé efficient.

It is récommended that the pens be spaced a minimum distance of 8 m
apart, and that drainpipes from the ponds should be led underground 10 m
away from each pond, and only then into an open furrow.

Design faults

Several design faults which should be avoided when planning a rearing station
are shown in Fi 1g. 1. Some commercial farms suffered very severe losses
and others were forced to close down because o;f the chsease problems result-
ing from such faults,

In one farming complex as many as 15 pens (enclosures with pools) were
built adjacent to each other, and the whole complex surrounded by a wall 2 m
in height, Fresh air circulation was hindered by this outer wall and also,
between pens 1 and 5, 2 and 6 etc., was blocked again by inner walls dividing
these pens. The air in the pens was stale and g strong odour was prevalent.
Furthermore, the hatchery was built adjoining the rearing pens, while food .
was prepared next to the complex where large numbers of fish were scaled,
gutted and chopped up daily. Large numbers of flies were attracted to the
- hatchery, to the food and into the pens to faeces :and uneaten food., i

Many of the pens contained two pools each. The pen area was 25x2.m....
-and the pools were 60 cm deep. The pools were separated by a smoothly
plastered apron about 1 m wide, with an:apron of the same width around the
peri@_eter of each pool. The main basking area was of coarse sand, gravel:
or g:r:ass . These pens housed 200 crocodiles of from two to three years of -
age, the largest animals being up to twicc the size of the smallest.

- The pools were drained and scrubbed clean deily, but the basking area

. in each pen could never be satisfactorily cleaned because crocodile facces
and small scraps of uneaten food remained in the gravel or grass. It will be
seen from the sketch that pens 1 and 2, 3 and 4, etc,, are divided only by a .-
wire grid. For purposes of hymene therefore, they were not in fact
separated-at all.
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Entrjr:into the complex was gained through a single entrance gate in the
outer wail and then through each pen in succession.

During the first few months of operation, there were no disease problems
apparent in this system. With the onset of colder winter temperatures, how-
aver, there was a reduced intake of food, lowering the crocodiles' disease
resistance. The smaller animals then succumbed to regpiratory ailments in
the cold cement pools and the infection spread rapidly, The majority of the
animals bécame i1l and refused food, the weaker oncs died, and paralysis or
partial paralysis of limbs followed, with diarrhoea and blood-stained facces .
The resultant epidemic brought about 200 deaths in a single month, Because
of the layout of the farm the sick amimals could not be isolated to preveat
contamination of the healthy specimens. The bacteria Shigella sp. and
Salmonella sp. were isclated from dead erocodiles, Tho bacterial load in
the grass and gravel areas built up rapidly and was transmitted to other pens
rapidly by flies, and by people walking through the pens, until eVery pen
contained crocodiles in varicus stages of illness, A further complication
arose from the fact that the crocodiles were not graded into size groups so
that bullyinz at feeding times became inevitable. The smaller animals were
bitten on thé snout and their jaws and teeth were damaged, Wounds in the
gumis causéd infection to set in, making ‘them soft and spongy, leading to
necrosis of the mouth, This infection spread through the process of
swallowing and also caused death, : The

Recommended .systems

single units (cemented pens) (Fig. 2): .An imp_qrtai;t:fequiremeht'i:s thé;'_t‘tﬁe
poels should be at least 60 cm in depth, otherwise the water becorh_e_s’fitpq,hbt;
in summer, . The pool floor should be sloped towards the drain outlet pipe,

to facilitate cleaning and washing away of uneaten food particles. Ideallythe
outlet pipe should be 10 cm in diameter, with a stopcock outside the enclosure,
S0 that the pool can be cleaned and empticd both cfficiently and quickly. It is
easential to place a screen in the drain pipe to prevent crocodiles escaping or
from being sucked out of the pool during cleaning., After some time, stagnant
ponds may become difficult to clean because of the rich growth of algae on |
their sides. Hard-bristle scrubbing brushes are needed to.dislodpe this
growth. Small amounts.of copper sulphate in the water will help control
algae, if used regularly. = .. - o R |

~.The entire.pond and apron of-the enclosure must be smoothly plastered to
facilitate cleaning. It is useful to have a water supply point close to each pool
from: which a hese pipe can be led to pressure-spray and clean the entire pool
and its apron.: -' N

An important part of the design is a partly-submerged and, 3ently—slonmg




‘Plan view of single-unit cement rearing pond.

Smooth cemented floor

Inclined 45 cm wide cemented ledge
Underground outlet pipe

Water supply point {(tap)
Wind-screen

Pen size : 2% €m
Pool size : 7x4m

ledge, some 45 cm-in width, avound the perimeter of the pool. This provi-
des a shallow resting zone for the crocodiies and allows easy access into the
water. This ledge is also important in that the crocodiles rest there when
feeding, and it also prevents them scraping their bellies and damaging their
claws on entering or leaving the pool. The amount of space around each pool
is calculated to allow ample hasking room for each enimal, and an area of
shade must likewise be provided.

It is advisable to roof over the entire pen with wire netting, or criss-
crossed strands of wire, against predators. The wire netting sides of the
pens should not be larger then 1 ¢m mesh, otherwise hatchlings will injure
themselves by trying to climb through this. Young crocodiles can climb
vertical wire netting with ease and will escape unless the enclosure is either
roofed or its side walls sloped inwards at an angle of 20°. A skirting board
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(placking, sheet iron, tin or plastic sheeting} placed
flush with the floor prevents them from cli
then dropping back onts the concrete below

against the wire netting
mbing up the fence to a height, and

These pools are useful for summer be
and because the volume of water used ig
emptied, cleaned and refilled every
seepage. '

cause they can be scrubbed clean
small. Normally they need only be
third day and there is no wastage through

The main disadvantage is tha: cement is 2 cold surface in winter and
crocodiles will be prone to respiratory ailments. If local winter night tem-~
pexatures of the water or of the air are likely to fall to the 7.2°C, this type
of pond would not be suitahle . Care must be exercised while cleaning these
pools, to aveid a crocodile injuring itself by falling into the empty pool.

Cement pond (trickie systen} (Fig. 3)x
during hot summer weather, when crocodiles are feeding at their meximum

fate, small uneaten food particles, faeces and urine, are not trapped in the
pool. The constant dilution of the pond’s water ensures a low bacteria level .

The advantage of this system is that

&

¥ .

Figure 3. Trickie-system cement rearing pond.

A Water supply hose
B Siphon outlet pipe
C Watertight rubber plug
D Underground drain pipe

Pool size : ¢ m diameter




The pool is drained and scrubbed clean weekly, as is the eatire floor of the

pen which is smoothly plastered. The enclosure embodies the same design
requirements as seen in Pig. 2. i

~ The pool should he civcular or cone shaped, at isast 50 cm-deep at the
edges and 60 cm in the centre. An earthenware bead of 10 cm in diameter is
gunk fush into the centre of the floor and into this fits 2 rubber plug. In this
a 5 em disineter hole is bored, through which & 66 cm length of polythene
pipe is fitted Vertically into the plug so that it can be pushed in ox pulled out
as required. A wire mesh shield is fitted over the top of this outlet pipe to
prevent the escape of small crocodiles., Water is fed constantly into this
pool, circulates, and is siphoned out at the same rate as the inflow.

It is helpful to attach string wire handles to the rubber drain plug, s0
that it can easily be pulled out when the pool is to be cleaned,

Single eaxth dams (Fig.4): These are ideal for use in climates where low
winter temperatures are likely to cause respiratory illness in the young ani~
malg. Harth pools are easy and cheap to build snd are a 'natural’ habitat’
where vegetation can be planted, small live fish introduced, while insects,

R -
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P e e AT

dselated earth rearing pond or dam.

Lower fenceline, huried below level of burrows
Upper fenceline B

14 gavge wire roof-grid
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frogs and other creatures atiracted to the dams will be an important
addition to the diet and health of the crocodiles.

During cold weather the ¢rocodiles will burrow into the mudbanks and
thus survive nights of heavy frosts. Because of their burrowing capabilities
it is important to provide a strip of land, 4 m wide, between the pool's edge
and the boundary fence. This is particularly important if the pool is situated
at the bottom of a hill such that its lower bank is artificially built up. Where
pools are excavated on 2 level site this precaution is not necessary. The
crocodiles burrow into the bank above normal water level and may tumnel
beyond the fence line. Normaelly this will not matter since the burrows will
be well below ground level, but if the peol stands on a hill slope the lower
fence line should be buried deep encugh to intercept the burrows (Fig.4).

The enclosure fence should be of 1 cm diameter mesh netting for young
crocodiles, buried to a depth of 1 m, to exclude burrowing predators.
Because these pens are a natural habitat, birds may become a nuisance,
either as a threat to the crocodiles or as food competitors., The pens there-
fore should be roofed, for which a broad-mesh grid made of 14 gauge wire
is suitable. '

In areas where the soil is porous or sandy the floor of an earth dam can
be sealed with concrete ox plastic irrigation sheets. A layer of earth
coniceals this artificial flocr,

Drainage is effected by a central pipe and the water siphoned out as in
the previous system. The disadvanta_es of earth dams arz that they require
a larger volume of water to allow for seepage, and require niore maintenance.
Barth dams cannot be efficiently cleansd. Even if they are provided with a
system of constantly circulating water they eventually become fouled, particu-
larly during hot weather when feeding rate is af its maximum. Ideally, one
should have only half the available number of pools cccupied at a time, so that
they can be used in rotation. In this system, the animals can be moved to
fresh pools every two months (or as necessary), leaving the 'used’ pools to
be drained and allowed to dxy out and bake in the sun. After two months' rest
thex will be clean and ready for use again,

When the crocodiles are to be removed from an carth dam they will prove
difficult to capture with a hand net since most will take refuge in their
burrows. A simple capture method is to make tubes from 1 cm mesh wire
netting, and about 45 cm in length which are firmly pushed into the burrow
entrance and their bases packed avound with mud. The tubes are tilted up-
pards at a slight angle and held in place by prop-sticks. The pocl is then
drained completely and when the crocodiles venture out, they can be easily
caught.
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Rearing Techniques

Handling

Dealing with a large population of crocodiles comprising different age groups
and sizes requires a great deal of rearing and handling experience. This
ability is vital because crocodiles are more delicate than is generally realized
and a thorough knowledge of their behaviour and requirements under captive,
artificial conditions is essential if rearing is to be successful.

Many disease symptoms are easily overlooked if the observer is not
familiar with the normal behaviour of crocodiles under a variety of conditions,
Tt is essential to know intimately how they normally walk, swim, sleep, feed
and bask in relation to the time of day, the air and water temperatures, the
amount of sunlight or rain, both by day and by night, as well as at different
seasons of the year. One should notice the appearance of normal faeces from
healthy animals, to be able to detect evidence of diarrhoea.

The observer Will soon notice that frem one clutch of eggs hatched, some
individuals will be aggressive, others less so, others may be shy and some
extremely timid. ~The growth of some individuals will be rapid, others less
so, and a few may be classed as runis,. 1a_rdly growing at all.

It is not easy for an mexnerle,nced person to determine the cause of 111- ‘
ness or death, should this occur, and it is time-consuming o capture and
administer drugs to sick animals even if the ailment has been correctly diag-
nosed. Besides, drugs are not always very effective, are difficult to admin-
ister and do not prevent sick animals from contaminating the water in a pool.
Handling of the animals can often be injurious to their health and behavmur.
Therefore, strict emphasis on the prevention of disease, rather than its
cure, is by far the best way of ensuring a healthy crop.

Almost inevitably the water in the pools will harbour concentrations of.-
bacteria such as Salmonella sp., but providing strict hygiene and other '
conditions are cbserved, the low bacterial level will not be harmful. The
commonest forms of disease or conditions adverse to healthy development are
summarized in the section on commion ailments. :

It is recommended that where and when possible, animals found freshly”
dead should be dissected and vital organs such as the brain, heart, lung, < '
liver, spleen, kidney and stomach removed for veterinary research. Blood-
slides should also be taken and faeces samples collected, The various speci-
mens must be carefully labelled, frozen as quickly as possible and packed on
ice in a vacuum flask for immediate despatch to the nearest veterinary '
research institute or pathologist. Alternatively, sich amimals may be sent
alive for research purposes, ‘
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It is advantageous for the handler to become thoroughly acquainted with
the animal's internal anatomy to be able to distinguish between healthy and
diseased organs. This knowledge, coupled with the veterinary report, and
the symptoms noted before the animal died, will be helpful for future
diagnosis and treatment,

Diet

Fish is a most suitable foodstuff for the bulk feeding of a large captive popu-
lation. - A variety of methods can be employed to harvest fish but seine- or
‘gill-netting is the most effective. Whole fish chopped up into suitable pieces,
and including the livers and hearts forms a balanced diet which may be
supplemented by game meat, if available, to make up bulk, However, meat
on'its own is a poor diet. Small whole fish are particularly suitable. . The
crocodiles derive calcium from the bones and scales, plus sufficient roughage
to facilitate digestion, while the flesh, liver and heart are rich in' nutrients
and protein, The main difficulty usually lies in harvesting sufficient fish to
meet the crocodile's demands . . K R

Any method of supplementing the diet by the addition of live creatures is
recommended. - For this purpose, a light left burning in each pen about 15 cm
above the water is useful for attracting insects. Various types of insect
traps may also be used, B ' o a

In an‘area where large quantities of meat are available as a result of -
gameacrc')pbing, the livers and hearts of these animals are particularly
valuable. Bones can be ground up and thoroughly mixed with the meat 1o
provide calcium if this meat is to be the sole diet of the erceodiles . Cod
liver oil mixed thoroughly with the food is beneficial, particularly before the
start of cold weather. This is given three times a week, one teaspoonful :
mixed in for each 11b (450 g) weight of food (see also section on common
ailments), ' ' ' Do s

Preparation of food

In preparing food for young crocodiles it is important to reduce it to pieces
small enough to be swallowed without difficulty,

Large fish should be cut into elongated rather than square pieces since j
the bones can cause damage during swallowing. Similarly, whole live fish
should not.be too large lest the dorsal fin cause damage to the reptile's throat
and gullet, : ' | o -

Food should not be prepared near the rearing pens, but should preferably
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be done in a gauze-enciosed room (to screen out insects) having a large
trestie ‘table or cutting block. The floor of the rocom should be smoothly
plastered and well ~drained so that all the equipment including the feeding
trays and kuives can be scrubbed and hosed down.

Deep-freezing is effective for storing food cut intc small portions and
frozen quickly. Large fish should be scaled and gutted, their heads and fins
removed, and washed before being deep-frozen. The food must be com~
pletely thawed out before being used for feeding; generally this occurs satis-
factorily while the whole fish are being chopped up if the small pieces are laid

out on flat metal trays, rather than put into buckets.

Surplﬁs food should never be re-frozen, since repeated thawing permits
the bacteria to multiply rapldl y 80 that everztually the crocodlles are bemg
given bacter;a laden food,

Small whole f ‘sh are moroucrhly washed to remove slime, and packed onto
shallow wire tr ays for freczing. Before feeding, these should be washed
again, then al,towed to thaw out.

Feeding

The most desirable feeding method is to estimate the amount of food that each
group will consume at cach meal. By establishing a regular pattern, feeding
at the same iime each day, it is easy %o calculate how much is required.

The crocodiles become accustomed to a routine and food is then consumed
while still fresh. In the hot summer months, they will devour a full meal
every 24 hours, but the feeding rate will slacken off towards the onset of the
colder months when temperatures start to fluctuate from day to day. Itis
then wise to start reducing the feeding frequency and food quantities until food
is only required-every second or third day according to the local climate.
Generally, young crocodiles will refuse. food when the air or water tempera-
ture falls below 60° F (15,5° C). 'Bven in mid-Summer sudden cold spells
may occur and at these timos it is not worthwhile feeding the animals or
trying to coax them fo cat unt il t‘qe weather retums to normal,

Durm;r not WCP’LLGI‘ COllCllth“’lS it is prcfemble to feed late in the afternoon
ox evemngfs the main reason being to avoid plgcmg the food on a hot cement
surface., The food should preferably be spread out around the edge of the
pool under the shadcd area so that the animals do not have to climb over one
another or comoefc, unnecessarily to reach it. Because of the more severe
evenmg temperature dmp in winter it may be necessary to feed much earlier
in the arter"xoon,_ In cemented pens the area where the food is laid out should
be cleaned and scrubbed two hours after feeding time and any uneaten food
removed from the water with a hand net; while at the earth pools, the food
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should be placed each feeding time at a different spot along the bank. A use-
ful aid to hygiene is to keep a few barbel Clarias Sp. in each pool te clean up
scraps of uneaten food (see also section on common ailments), -

Population in relation to pen size

Twenty-five crocodiles is considered to be the maximum manageable number
per unit; since it results'in less competition for food which reduces bullying
and fighting which in turn means fewer injuries. A low stocking rate also
results in a more even average growth rate;  but most important is the fact
that the health of the crocodiles is of a higher standard than in a more
crowded pen. Diseasé problems are greatly reduced and the symptoms are
casier'to detect in a small group. ' If the units are spaced 8 m apart, thére
is also less danger of an infectious discage spreading to other pens, while
the cleaning of pens is facilitated and the disturbance caused when capturing

crocodilés to be moved to other units is minimizéd. Thus, to House 500

crocodilés in groups of 25, 20 separate pens will be required, whilst an
additional two pens should be provided to allow for intensive care of the

sick, injured and weaker animals.

During the first year, when animals are graded quite frequently, they. .
will often be moved from one pen to another.. It is helpful to keep a recorxd
¢f . the numbers housed. in each pen so that it is possible to keep track of
numbers and movements .. : : : - :

Commoen ailments. -

Symptoms = ' Cause " ~ Treatment or prevention
Bfoken limbs,  * *° Faultypen design.”  Bind broken limbs with
S Crocodile has either - waterproof adhesive
' climbed up the side’ tape. Isolate animal,

of the enclosure and  avoid handling. Place
fallen from a height, . skirting board 30 cm
orfalleninto an ©  high round fence to pre-
' empty pool. " Yent climbing. Before

draining a pool, herd
~ animals into the watey, _
" so that they remain in'
" the'pool when this has
" been drained,




Symptoms

Simple cuts, nails
worn, toes bleeding
or raw. Small cuts
in belly skin and
thoracic region.,

Throat red and .
inflamed, Animals
refuse to fced.
Repeated scratching
of eyes and ears.

Crocodiles found
dead in pen or at
bottom of pool.

No sign of injury.

Teeth missing,
gums. and .tooth

socke_ts -s0ft, spongy, ;

coloured brown.
Scars around snout .
and jaws. Tongue
normally yellow may

be spotted with fungal- - - e
enteritis,

patches...
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Cause

Sharp object in pen.
Faulty pond design.
Claws get damaged
and skin scraped over
rough surface,
usually at edge of
pool.

Certain algae cause
irritation. Poor
hygiene, greasy water
because pools not
cleaned. Check water
for acidity, salinity
and chlorine content,
which may be too high.

Drowning. Below 15° F
{(7.2° C) animals in the
water lose muscle con-
trol and balance.

- Bunstroke.
_Obstructions in gut.

Dissect, check for

 fish bones in gullet or

intestine,

Overcrowding,
fighting at feeding
times .

Gingivitis infeeticn
may result, is spread
by swallowing and
leads to mecrotic

Treatment or prevention

Clean caseous matter
from wound. Apply
merthiolate, isolate the
individual. Area around
edge of pool should be
plastered.

Femove animals to
another pool. Allow
used pool to bake in the

sun after being thorough-
1y scrubbed out., Change
“water more frequently

and treat pools with
copper sulphate.

Check overnight water
and air temperatures,
(These should be _
recorded routinely.)
Move animals to earth
dams where they can
burrow for warmth.
Ensure a;d-equate shade
at all timés of the day
for the entire populatlon
a pen.

Reduce pool population.
Grade crocodiles into .

. size groups, regulariy

Ensure good. pOI‘thIlS
are small enough to be
swallowed readily.*
Observe strict hygiene
in feeding -and cleamng
of pens... Acrosol”
merthiolate is a good
freatment., Keep ani-
mal out of water as
much as possible.




Symptoms

Deformities and
stunted growth;

tecth break off easily
or grow crookédly.
Spasmodic jerking of
limbs, head or toil ,
Animal trembles
when handled,

Hatchlings found
dead,.

Animals unwilling to
feed., Food taken
and then discarded
in the water.
General loss of .
appetite over several
days., Animals
behave sluggishly,

Belly distended,
animal moves
sluggishiy, finds -
difficulty in
walking.

Abdominal swelling
in recently hatched
crocodiles .
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Cause

Severe calcium/
vitamin ‘deficiency,
or very cramped
quarters,

Possibly overcrowding.

The young tend to pile
up on top of each other
for warmth,: suffocating
those at the bottom.
Lack of shade and
water. Sudden change
or marked drop in
temperature,

Food mushy, not
palatable, Excessive
handling or disturb-
ance, Sudden
temperature change.

- Sudden change of
- diet,

 Insufficient roughage

in diet. Sudden change

- in food., ‘

Constipation.

Umbilical abscess, - .
Poor hygiene.

‘Treatment ox prevention:

" Add calcium or bone-

meal to diet plus multi-

vitamin supplements.,

Feed with live whole

fish {unscaled), frogs

and crabs., Vitamin E
is particularly ben-
eficial,

Divide a sectioﬁ of the

‘hatchery into small

compartments to hold

- fewer animals. Provide

a framework of sacking
and straw under which

hatchlings can crawl for
warmth in cold weather,

Reduce féeding_ rate to

every 2nd or 3rd day.

- Ensure fresh food.

Move animals to earth
dams if warmth required,
Add Ced Liver Oil to
food. Feed extra quan-
tities of liver in winter,

Provide whole small fish,
insects, frogs, crabs,
Mix coarse grit and
small bone chips with
meat,’ : Co

Often too advanced for
treatment. Apply anti-

biotic powder to open
wounds, Treat each
hatchling with aerosol
antibiotic wound spray .




Symptoms

Paralysis of cne

or both hind limbs.,
Byes closed or
partly closed.
Tongue puckered
and dehydrated.
Animal arches
spine or raises
head and tail
vertidally: in
convulsion. Com-
plete paralysis may
follow. ‘Diarrhcea
cvident. Faeces
contain blood,

Diarrhoea;
diarrhoea with
loss of appetite.

Eyes' water, cxude
matter and éventu~
ally close., Animal
lies with jaws
agape, sometimes
held vertically.
Breathing laboured,
may sneeze often.
Loss of righting. -
reflex, circular:

swimming,’ seizures;i -

Animal ‘star gazes’,
Pupils enlarged,
Animal trembles
uncontrollably .
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ause
Either Salmonella sp.
or Bhigella fHexneri
bacteria. Usually
causcd by one ox a
combination of the

~following conditions:

-Overcrowding,

resuliing in a high
bacterial concen-
tration, Contami-
nated food, poor
hygiene in preparing
food and in feeding.,
Stagmant water,
changed infrequently.

Sudden change in diet,

Food not fresh.
Poor hy
pering foed and

feeding’, - Contami:

nated water. *Sudden -

spell of cold weather ,

Respiratory ailmeat, -

Animal chilled by -
sudden change or
lowering of tempera-

i ture, cold draughts. .

(Post mortem will
reveal mucus in nasal
passage, lungs in-

flamed-or congested.)

Hypoglycemic shock
{in colder weather).
Steatitis (deficiency
of vitamin E}.

Tiene in 'p'r_e— '

Treatment or prevention

This condition is highly
infectious, * Isolate sick
animals immediately to
avoid seriousiépidemic,
Clean pools ind-change
water datly . Disinfect
drains. Stérflize all
feeding uténsils,, ‘Reject
contamindted food,
Cease feeding for d'week
or more, Mix antibictics
(Tetracycline) with food,
giving several times the
normal dose pex Ib-
weight of crocodile.
{Replaces that lost or
dissolved in pool water
during feeding.)

Aveid sudden change in

“diet, Reject mushy or

tainted food,  Sterilize
knives, boards and food

trays toutinely., Scrub

pools and pens thorough-

“1y. Disinfect drains.,

Change water more
often. Add vitamin E to

diet,

Move animals to éarth

" peols where they ‘can

burrow for warmth
Feed diet enriched with

vitamins E and A and

Glucose, well mixed

| with.food, It will be ne-

cessary: to supply glu-
cose and vitamin B -
throughout the cold win-
ter menths,.; Aveid. .
handling animals in this
condition unnccessarily.
Any disturbance causes
gxtreme agitation,




- 126 -

Symptoms ... 0L Cause - Treatment or prevéntion
White spots on - Fungus Scrub pools, "removing
skin, scales slough- (Aspergillosis) . o any grease or fat.

ing on tail, skin : Empty pool and allow to

Poor hygiene,
greasy water, fouled
earth dams,

bake in the sun., Move
animals to a fresh pool,

peals between toes,
Fungus or slime

secen around the- : o Move animals from
vent and behind - Animals using . earth pools immediately
limbs where skin burrows susceptible - & drain pool for at least
may be cracked if an earth dam is a month, Wash animals
and stained ' used for a long in tepid water, paint
‘brown. ‘ © period, , infected areas with

merthiolate and keep
out of water for some
days.

Distribution of Hatchlings

EE

Cardboard containers made for day-old chickens make excellent hatchling
transport boxes if provided with a layer of straw ox grass 3.5 cm deep.
Each compartment should not contain more than six hatchlings, Any con-
tainer should allow adequate ventilation and-should have a lid. Crocodiles
are best transported in a darkened container in which they tend to remain
quiet and docile, wheréas in an open one, they will continually attempt to
climb out and will 111Jure each other by scratching and climbing over one
another,

Thus packed they can be transported by vehicle, boat or by air.
Bumping should be avoided, as-should cold draughts and exposure to direct
sunlight for prolonged periods, If air temperatures become partlcularly hot
the crocodlles can periodically bc sprmkled with water, :

Preference should be siven to well-vegetated poolu, Swamps or
marshes of permanent water such as the reedbeds or well- -vegetated zones
of 1arrre lakes and rivers, The crocodiles should be distributed over as Wlde
a range as pos sible, individuals spaced at mtervals of a half kilometre,
Attcntlon should be pald to the availablé potential” food supply in the form
of aquatlc insects, fish fry, etc. Where possﬂ)le,( avoid restockmcr o
habltats whzch already support a hlgh populatlon of ad'ult crocochles.
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Paper-No 12

MANAGEMENT OF THE CROCODILE INDUSTRY
IN PAPUA AND NEW GUINEA

M.C, Downes
Senior Ecclogist, Wildlife Laboratory, D.A.S., Konedobu

Introduction

Following the peak yvear of crocoedile killing in 1965 - 66 there was much
agitation to introduce legislation and a management programme to maintain
the skin trade. Native people were concerned at the decrease in crocodiles
in districts where there was little other money available to the people.

A private membex's _bill was passed by the House of Asserﬁbly outlining
in general terms the possible measures thought to be necessary.,

 In 1968 the Wildlife Ecoclogy Section of the Agrigulturé_ Depaftmen.t,.'
recommended the particular regulations which were ecologically sound and
appropriate to the special situation in the Territory. In brief these

included:

a) System of licences for hunters, skin buyers a:nd exportefs’thfough ‘
which limitations on the buying and selling of skins could be policed.

b} ,,.Cbll'é.ctiion of .de,tailéd étatistié_s on skin production and export,

c) - P,fdhibitibn of: sale and expart of skims over 20 inches in Widt‘t_z;:co.ré '-‘3
reSpondmg to .crocodiles between & and 9 feet long, There was no : ..
ban on the killing of_ cLocodlles :

In 1969, a research station was established at-Lake Murray in Westerit. |
Papua, in the midst of a very extensive swamp system as a base for
field resec,rclﬂ into the ecology "of crocodlles.

. ln 1/70 the station was enlarged to accommodate 500 small crocodiles,
to find medloau and costs of growing crocediles from 13 inches to the optimum
commercial size in captivity,



History of the Indusiry

In the 19508 European traders and itinerant shooters ] built up the export of
row skins, first on the Fly River and later in the Sepik. The level of hum -
ting remained much the same for a decade, utilizing mainly the lafger salt-
water crocodiles in the bigger vivers, lakes and tributaries.

During this time shooting gangs of indigenous hunters were trainéc_i in "
skinning and preservation techniquées., With the decling in the ‘saltwater skins
there was a greater need to forage into the intensively ovexgrown swamps for
freshwater crocodiles, and the indigenous hunters in their canoes, working
either for traders or themselves, gradually tock over the hunting operations,
Skins were sold to tradexs or to co-operative skin buying societies formed
for the purpose,

"By the lafe 1960s lack of skins'had forced most of the Europeans out of |
the business. A few remained as traders,  but at the present time the skin
trade is -eszentially native operated, In'the past year (1970) high water levels
and low world prices for skins have caused a break-down in the whole trade.
Cosopérative skin buying societies have little money to buy goods, and are
failing; most private traders are alreddy in other businesses and the poorly
organized transport of skins causes mmflcant deterloratlon in the quallty and

"1umber of skins reaching the coast

I

Management of the Iandustry

The management of the industry hinges on a few special fedtures which should
be explained. The most obvious feature is that despite a production worth -
more than 10 million dollars over the years, there is a startling lack of any
concerted action froem within the industry to improve or manage its activities.
The hunters are mainly primitive villagers who have learned the rudimesits of
skinning and skin preservation from passing Europeans, They sell'in the
village to itinerant skin buyers who have been predominantly ‘Short-term
traders with little interest in the long-term prospects. In turn these sell to
exporters who generally are representatives of overseas companies.

Thus the systern'of licencéS, wasgvital for co-ordinating the diverse '
clements of this scattered trade and managing it as an industry. Without
statistics the trends in the industry cannot be measured or analysed; with-
out support and co- operatlon frem those engaged in the mdustry and a two way
passage of information, 'no manap*ement prorrrammu, can succeed a

On the whole, the hunters are competent at sccuring the crocodile and in
the initial preparation of the skin. However, during its passage to the coast
the skin can lose much of its value through lack of reasonable attention. Lack
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of salt, poor handling, no protection from moisture, are a few of the factors
causing deterioration. If supplies are short the villagers are soon discour-
aged from providing adequate numbers or quality of skins.

This is of primary concern for the management of the industry. In fact
the current system of marketing between hunter and exporter can only cope
with the immense distances, and primitive transport arrangements, when
skins are plentiful, prices are high and the profits for middle men are large
enough to cover considerable losses.

The second important featurc of the New Cuinea situation is the im-
possibility of applying western type game laws to native hunters in the
bush, particularly those relating to the killing of bush animals., Traditional
game laws of the westera woxld are backed by a reasonable chance of being
caught by a game warden; or they appeal to the conscience or understand-
ing of an indoctrinated shooter. Neither of taese factors apply in New
Guinea at present,

Therefore, special attention was concentrated on control of the market
at the level of skin buyer and exporter, and on the economic motive to
influence controls of over-killing. It was the economic value of the skins
which caused the drastic over-killing of the crocodiles in the larger size
range from 1956 - 1966, '

As a fi1st step the sale and export of crocedile skins over 20 inches in
belly width was prohibited, This corresponds te a crocodile over 8 feet in
length. This was the sector of the population most heavily hit by the
commercial hunting. It was appropriate that the value of these skins should
be removed. Although the size at breeding differs with the species,
crocodiles above 8 feet are probably all successful breeders .,

Later, consideration will be given to a similar restriction on the
sale and export of small gkins, although these are probably much more
expendable and there is in fact far less incentive for their sale due to

very low prices,

A third special feature of the New Guinea situation is the extensive tracts
of lowland swamp habitat where crocodiles have only slowly been decimated.
There are still many areas difficult of access and, even without management,
these will provide a small trickle of income for several years, With
management, they could provide a source of income and cultural pride for
Papuan and New Guineans for years to come.
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Ban on Large Skins

In the BEast and West Sepik and Madang Districts, the ban on the sale of
skins over 20 inches was cpposed and has been removed in those districts,, ot
In all other parts of Papua and New Guinea the full regulations: apply .

It ig obvious throughout the latter areas that there is a reduction in the
number of larger crocodiles being killed for commercial purposgs. The
new regulations have succeeded in this particular objective, Whether this in
turn will result irn an improved production, it is the aim of the ecological re-
search to determine,

_There is no doubt that some large crocodiles are still being killed either
for safety, food or illegal sale of skins, But with very few uncontrolled out-
lets for skins the reduction in the market pressure for breeding-sized Croco -
diles could'_ bring the hunting pchsure back part of the way to that prevailing

prior to development of the skin trade.

Crocodile Farms

In order to provide some economic activity in swamp areas with few other
commercial products, the people in crocodile areas are being encouraged to
experiment with crocodile rearing pens in the villages, It is still possible
for the people to catch large numbers of small crocodiles » and if food is
cheap and plentiful, their natural interest in handling and rearing these
animals could be encouraged.,

This is essentially a village level project and is not concerned with
breeding nor release into the bush,

Figure 1 (see opposite)

The major areas of alluvial riverine plains, swamps and tidal SWamps
containing crocodiles in Papua and New Guinea. A few crocodiles inhabit
the coast and estuaries of all islands in the Territory.
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The Future

‘There are still sufficient numbers of wild crocodiles to repopulate many

districts naturaliy if the harvest of mature and alimost mature animals is ifept'_

within ecologically determined limits,. - |

The area of suitable habitat is adequate. : Changes in habitat are not yet
51gn1f1ca11t but mining operations and. release of tilapia may yet proveto.be
seriously detrimental: to crocodiles. . : :

Supplies for the hunter, facilities for preservation and marketing are
poorly ¢ ‘ganized and haphazaxd. No skin quality control nor improvement
facilities exist., Unless the industry becomes organized in these matters, it
is likely:to fizzle out.long before the ecological research has provided the.
basic data on which.the conservation of crocodiles and the management of .the

industry will depends . For this purpose the Department of Agricultureds . i
bringing together representatives of the various aspects of the industry in:an .

effort to achieve the necessary re-organization.
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Paper No 13

MA&AGEMENT OF THE AMERICAN ALLIGATOR

Robert H. Chabreck
Louisiana Cooperative Wildlife Research Unit,

Louisiana State University, Baton Rouge

Introdub;tion

The American alligator Alligator mississippiensis is native to the south-
castern part of the United States, It occurs throughout the states of Louisiana
and Fiorida, and inhabits parts of Texas, Arkansas, Mississippi, Alabama,
Georgia, South Carolina and North Carolina,

It was a very important part of the fauna of the southeastern states in the
past, and efforts are now being directed toward restoring it to that position,
This reptile is looked upon as a renewable resource and has a definité place
in the economy of the states invqlv'éd. It was an importarit cbrhm‘e};.ciél o
animal in the past, and the tremendous sums spent by the stéte's""jbf'ﬁ manage-
ment and research, reflect their interest in returning the alligator to this
status, ' ' ' T

~ Early settlers and explorers in this region reported the occurrence of

large numbers of alligators and the literature confains numerous reports on
the abundance of the reptile, ~Commercial harvesting of alligator skins began’
in the mid-19th century '(Smith;" 1893; Audubon, 1931), but sizeable kills of
alligators did not begin tntil latd'in the 19th century (Mcllhenny, 1935). By
the' end of the 19th century the nutnber of alligators had been greatly reduced;
Stevenson (1904) estimated that the alligator population was reduced by 80%
between 1880 and 1904, In spite of the heavy kill during this period, alli-
gators were still plentiful in the more remote areas. However, the harvest
continued at 2 rapid rate, and by the middle of the 20th century the American
alligator was practically non-existent over most of its original range
(Chabreck, 1967a), Concentrations of the animals were found only in areas '
whete rigid protection was provided, ‘ ' S

Even though the alligator population continued to decline each year after
1930, no great concern was shown for its welfare until the 1960s, All states
within its range enacted protective legislation during this period. Even with-
closed hunting seasons, illegal hunting continued, and the interstate ship--
ment of skins created new problems. Skins taken illegally could be shipped -
to states outside the alligator’s range, where possession was Iegal because
of the absence of specific protective regulations.




In 1970 the United States Congress put into effect the Endangered Species
Act which provided federal penalties for the shipment of alligators or their
skins acreoss state lines if taken contrary to federal or state law. This act,
coupled with closed hunting seasons by the states, was sufficient to curtail
the alligator skin trade, in so far as practical, and subsequently the illegal

kill of the animal.

Protection

Prior to passage of the Endangered Species Act, alligator populations were
protected by state huntmg regulations and in state and federal refuges and

parlcs

Clogsed seasons

I splte of closed huntlng seasons in the 1nd1v1dual states , an illegal kill of
altigators took place; however, closure by the states was effective in ‘
redicing it, The states are well staffed w1th law enforcement personnel , and
areas with properly planned programmes were effective in apprehending law
violators. Nevertheless the high price for alhgator skms, and an attitude
of indifference by local courts, contributed to the continuance of illegal

hunting.

The’ prosecutlon of nlllgator law v1olators has been handled through local
courts, and many courts do not con51der these violations to be serious 7
offences; consequently Light penalties are given to convicted Vlolators . HOW- ;
ever, in areas where strong state laws have been rlo*ldly enforced and have
received strong backlng by local courts, illegal huntln has been 51gn1f1cant1y

reduc ed

Harvest rzegulie_tio_njs_

The Amerlcan allwator has a hlgh reproductlve potentm_l and past ev1dence
shows that this reptlle responds rapidly to protection. In areas with an effecs:
tive protection programme, they were soon a comen part of the local fauna.

Several States in Wthh the alhgator populatlon has shown suff101ent re-
covery are hkely to cotabhqh regulations permitting a controlled harvest..
With past experience as a guide, the harvest regulations should be deblgned

to protect the breeding population, .

Giles and Childs (1949) felt that it was not advisable to harvest adult
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females (over 6 feet (1,80 m) long) from mid-June to mid-September, since.
nesting was in progress at this time. They also felt that by restricting the
harvest to bayous, rivers and capals the take of adult females-would be mini-
mized, since they commonly established territories in less accessible areas

away from such waterways,

Using radic telemetry, Joanen and McNease (1970) found that, during
the breeding season, adult females travel more than normally and spend a
portion of their time in deeper waterways and lakes. They recommended
that the season be opened oaly after mid-September, The young are hatched
after that time, and the females remain in the less accessible areas.

While size limits can offectively restrict the killing of adult females ye
they also serve to protect adult males. The alligator is polygamous, and. an.
alligator: population normally has a surplus of adult males. Consequently,
regulations designed to selectively harvest adult males would be advantageous,

-In the future,. serious enforcement problems could again arise if a state
legalized the taking of alligators without requiring that the animals or skins. .
taken be properly tagged. All alligator skins placed in interstate shipment:
should be properly tagged, so that the source can be correctly ascertained,
Unless. this is done, law enforcement efforts will be greatly handicapped.
Also, if a harvest is operated on a sustained yield basis, tagging will be
necessary in order to limit the take and to restrict the take to specific areas,

Refuges

Wildlife refuges have proven to be very beneficial in the management of the
American alligdtor. Sizeable numbers could be found ‘only on federal, state |
and private refuges during the early 1960s, Protection and suitable habitat _
were the main factors responsible for the concentrations found in these areas,
Although habitat preservation is important, protection from poachers was the
primary factor affecting populatioqs .

After the states enacted laws against their Killing during the early 1960s ,

the alligators’on wildlife refuges provided a nucleus from which other popu-~
lations could rebuild, Unlike most Teptiles, alligétors move about a great
deal and journeys of 20 miles (30 km) or more during a season are not un-
common (Chabreck, 1965). Also, refuges have proved to be a valuable

source of alligators for restocking purposes.
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Restocking ' @

Whenever an animal population is depleted i an area, one of the first
thoughts of most people is that animals from elsewhere should be introduced
into the area. Very often this simple solution proves to be effective and the
animal flourishes after release. Unfortunately, however, this is not
always the case and, as a result, many restocking efforts have met with
failure: The factor or factors, which operated to eliminate the original
population, operate in the same manner to remove the introduced one,

The restocking of native game animals, such as the White-tailed deer
Odocoileus virginianus and wild turkey Meleagris gallopave, was very suc-
cessful in re-establishing these species where previous populations had been
eliminated through hunting. Where suitable habitat is available and adequate
protection is provided,native animal populations should- become re-estab-
-lished through restocking. E '

From 1958 to 1970, about 1700 live alligators were taken from federal
and state wildlife refuges for restocking purposes., Most alligators released:
were from 2 to 5 feet (60 to 150 cm) long, and all were tagged prior to
release, -In all areas where releases were made, it was agreed that the'
hunting season for alligators Would ‘remain closed for a pcrlod of not less
than flve ‘years . s Co : -

In 1965, eight areas were surveyed where alligator releases had been
made by the landowners in the previous year. FEach landowner was contacted
as to the status of the animals; only oue reported that they had remained in
the area where they had been released. Two other landowners reported that
the animals were in the area but had moved from the release site.- The
other five landowners reported that the alligators were seen for a short while
and then dlsappeared 'The disappearance was attributed to drought by one
1andowner but the other four felt that high water from a hurricane was the

cause.

Data on the recapture of tagged alligators revealed that transferring
alligators. to new locations caused the normal movement rate to increase by
three or four times (Chabreck, 1963). Of the 29 allwators recaptured, after
being transported to a new locatlon all had moved one mile or more from the
release site after the first year., After the third year, elght had moved more
than 13 km from the release site and one had moved 30 km, Practlcally all
showed a strong homing instinct, travelling in the general direction of the
area from which they were originally captured,

Pen-reared alligators responded similarly to wild alligators, when
transferred to new locations and released. Alligators, reared by Louisiana
State University for experimental purposes, were released on marshland -
owned by the Louisiana Wild Life and Fisheries Commission. Of 254 pen -
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reared aninals released, most dispersed to remote areas and Were not se'e'n-'_
again; however, two were recaptured 22 months after release (Ted Joanen,
unpublished data), Both were females and were 1 .04 m long when released,
When' recaptured, one was 1,84 m long and the other 1.85 m long. Only one
was ‘Weighed prior to release, and it weighed 19.050 kg; when recaptured,
it weighed 21,320 kg, One alligator was recaptured in the same area as -
released and the other was recaptured 2 miles (3.2 km) northeast of the
original release site. : '

~ While :festhking may be a‘valuable tocl in re-establishing alligators
in an area, dispersal of the reptiles from the release site should be '
anticipated, - '

Habitat Management

The American ailigator is found mostly in areas with fresh to slightly
brackish water (Chabreck, 1965). Although they may wander into areas
with salinities as high as 20%.., this is tempoi:‘ary, and alligator concen-
trations usually occur in areas with salinities less than 10%o. A habitat
Mmanagement programme should, therefore, provide methods of maintaining

low water salinities.

Areas with stabilized water levels offer distinct advantages as alligator.
habitat,, Ceastal marsh impoundments were studied in Louisiana, and those
bermanently flooded with fresh water contained much higher alligator popu-
lations than those permanently flooded with brackish water or fresh water
which was drained during the spring and summer to enhance plant growth
(Cha:b;:elgk, 1260y, In the permancntly flooded fresh water impoundments,

both deep and shallow water and an abundant supply of food were available,

. Joamen and McNease (1970) found that adult females séught out open’
wateT areas during the courtship and breeding period, They believed that
such areas were an important paryt of the animals’ habitat. Studies in Florida
by Hines et al. (1968) revealed that watgg '

factor because of nest destruction . Th :
where altered drainage patteras Had ‘Fesulted in the summer fldoding of vast
areas; neésts constructed earlier in low-lying areas were inundated and the
€28s were destroved, o

" Flooding from hurricanes often results in nest looses over fairly large
areas.” Such tropical storms are common summer occurrences in the Gulf

of Mexico, and sea water pushed by strong winds may be driven ffiland f61
15 to 20 miles (24 - 32 km). R




Alligator Census

n

F 1 the proper management and wise utilization of any wucﬂfe population, a
knowledge of the population is essential. The size and composition of the

nopulation, plus the ennual production and annual mortality should serve as
a basis upon which harvest regulations are formulated. Detailed mfc*"mat:"r
should be obtained when deciding the number of animals to be removed from

A
specific areas.

Several methods such as night counts, recapture of tagged animals, call
counts, nest counts and total populaticn computations, .have been used for
the inventory of alligator populations (Chabreck, 1960).

Night counting is widely used because it is easy and provides infor-
meation on the ratic of the various size classes in the population. Call counts
and nest counts provide information on the breeding population. A method
of total population computation using a combination of night counts, nest
‘counts and data from kill surveys has been used to determine the total num-
ber of ailigators in a particular area.

Alligator Tarms

An alligator farm is a fenced area containing alligators, and in which the
young hatched are a proaum of the reproduction of the adult animals confined
within ‘the area, There is an increasing interest in alligator farmmo as a

busmess venture (Chabrecl\, 1967hy .

At pkesent there are a number of alligator farms in the southeastei*‘iw
States. However, I have no knowledge of any which are cperating at a proflt .
Several farmers are now producing a sizeable number of young, but the
mves’cment and operating costs are high and gseveral years of production will
be necessary before a profit will be realized.

Louisiana and Florida have established research stations where studies.
on alligator farming are being conducted, Problems given special attention
at present are stocking rates of breeding pens ,-.'pen sizes, pen conatruction,
feeding, egg incubation, rearing of young, and diseases.

Many states now have special regulations governing alligator farms, and
wish to encourage legitimate operations. If alligatcrs could be produced
under artificial COIldIth“lS in sufficient Pumbers . this would perhaps remove
some of the pressure on wild populations.
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Information and. Education

Although hide hunters were primarily responsible for the decline of the
American alligator, a large number were killed as vermin or for sport,
Fictitious scenes in movies branded the animal ag a vicious swamp creature
and a menace to society. Such irresponsible actions by this industry did the
animal a great injustice and instilled a sense of fear in the minds of the
people,

During the past five years, the status of the alligator has been given
wide publicity by various news media and, as a result, the public's attitude
toward the species has been greatly influenced, The public now looks upon
the alligator with concern, and not with horror as they did.j#the past. This
change of attitude clearly demonstrates the effect of a ,sfrong publicity
programme.

Public support is essential in any wildlife management. programme, A
vigorous and well planned programme of information and education can be
VEeTy important in gaining public support, However, care must be taken not
to over-sell an-idea to the public. Although illegal hunting cannot be ..
tolerated in a well administered programme, the legal harvest,of afligators
on a sustained yield basis should be a part of most management plans.,
Therefore, the idea of total protection should be expressed with reservation ,.
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Paper No 14

NATIONAL PARXKS, REFUGES, ETC.,
A5 TOOLS IN CROCODILE CONSERVATION

H.®. Bustard
Australian National University, Canberra City

Iwould particularly wish to draw attention to the title of this paper, National
parks aud other categories of refuge are not, and can never be, any more
than 'tools' in crocodile conservation, This paperfs meant to stimulate
discussion and hence attempt to throw up some of the problems affecting
crocodiles in national parks. It concludes that the creation of national parks .-
a8 an act in isolation will do little to help crocedile conservation. o

National parks legislation must tie in with other legislation and both must
be enforceable. We all know of excellent legislation on the books which is no
more than 'paper’ legislation. I envisage national parks for crocodiles as a
follow-up to national or state legislation designed to provide a viable futyre
for crocodiles outside of any proposed national parks. The contribution of
the parks is to set aside areas of land where the animals, in this case Crogo-
diles, have first right and where humans or human development pressures
are controlled or prohibited., National parks must, of course, be patrolled:
by wardens and the fines for poaching within national parks should be much
more severe than outside. o - o

A‘Tl this brings us to the first problem -- conservation legislation, I-
would like to quote a few semtences I wrote on crocodiles published inthe
WWEF Year Book for 1969: ' R

"Few Govérnments have suitable conservation legislation for croco- . -
diles.’ Where legislation does exist ofien mo attempt is made to- -
“eaforcé it, ' Furthermore, the remote areas inhabited by crocodiles
“are usually ‘diffid{lt to police. There is little realisation- of the

" profitability of érocodile skin poaching. Itis essential, both for the

. moralé bf Wardens and as a deterrent to peachers, -that fines be’
realistic!  Quite clearly a fine must be greater than the operarcy
‘can recoupin a week-end's work . I have recommended, for first
offences, that the fine should not be less than ten times the value of . -
skins poached. N aturally the poacher must lose the skins and all
‘gear in addition to the finc, Subsequent fines should be much larger,
Many poachers will evade capture completely or for long periods of -
time. Uniess fines are severe these will merely be added o oper- -

ating costs,”




This brings us to the role of the ferma warden. Wardens have a difficult
task under the best of conditions. Crocodile habitat often makes their
extremely tedious and only a highly paid body of men with a sénse of dedi-
cation, backed up by Government and the Courts, can be cipected to perform
their duties satisfactorily., It is impossible to enter into any discussion of
the role of the fauna warden without 2 discussion of penalties for noaching.

It my experience many magistrates let crocedile poachers off with only.
token fines, Hence a situation in which maximum penalties exist but no mini-
mum fines, is umsatisfactory both for conservation and fox the fauna wardens.,
Very few poachers are usually apprchended and those few who are caught and
then successfully convicted must copsider it very amusing if only a nominal
fine is imposed.

For instance, in Western Australia the maximum penalty for 1llega1
possession of freshwater crocodile skins - $ 200 per skin -- is rTghtiy very
severe. However, this would not be sufficient to deter poachers of salt-
water crocodiles. A stiff fine is ewenfzal a:_ a deterrent to poaching.

Poachexrs are able to calculaie the chance of being apprehended and are at
work for:large financial gain. Nominal fines of even a few hundred doliars

are merely added to operating costs.

In this connecticn it may be useful to quote the sort of skin valueé which
individuais or two man partnerships brought out of W estern Australia in 1969,
These figures are bag@ on discussions with crocodile skin buy_ers who know
the individuals concerned and who were offered the skins . 'The two poachers,
operating in Western Australia at the. tuime of my survcy, were probably
working on their third haul for the season {which lasts for less than six
months), The first hau! was brought out shortly after the end of the wet
season and was valued at between $ 15.000 and $20,000. I am told that this
represents about the maxi-

figure,. on present prices for freshwater sking
mum number which they can move out of the State by road at one time. Ifit
is assumed that only two hauls are taken each year and the most generous
allowances are made. fox vehicle depreciation/operation then they probably
clear between § 20000 and $30.000 each season., I quoted these figures to
the Government of Western Ausiralia bacause I noted almost comp?ete ignor-
ance of the profitability of operations among those peaple charged with law
enforcement.. In my view 2 magistrate in possession of this informatlon would
be unlikely to consider the offence as petty. My recomme n.ciatlon to the
Government of Western Australia was that there SBOUid be statutory. fines for
first offenders of not less than ten times the value of the skins confiscated,
Naturally skins:and all gear must be confiscated. N

ouch fmes may appeny severe buL hen the Uvofié to be rnadc, £ rom Croco-
cizle shooting are enormous. "*‘otcnt:al *Joache "8 welgh the ﬁoten,tlal gam
against the chance of being caught and the likely fine if they are caught and
convicted. So long as a single weelkend's operation will cover the fine, even’
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although they may lose some skins, the odds are heavily stacked in theix
favour and poaching will continue. : :

A crocodile shooter, who strongly advocated a fauna reserve for
crododiles in the Kimberleys, appealed to me to tell the Government to
impose fines ten times greater than normal for any poaching within the
reserve. Shooters know the need for strong deterrents. A major problem
for comservationists in most places is to have sufficiently large fines im-~ -
posed for the fines to have real deterrent effect, o

Until such time as Government and the Courts face up to their tesponsi-
bilities and hack up the fauna wardens these men will be apathetic fowards -
their work, What is the use of tracking down a poacher, at considerable’ = -
physical risk to yourself, and going through all the rigmarole of bringing him '

to Court, #f'you know he can recoup the fine in o couple of nights?

" The role of tha fauna warden both inside and outside national parkgis = _
one that requires careful thoughts. In areas where he is backed up by a soiind
network of hanorary wardens he can become a most effective intelligence
officer, However, this enfails good- liaison between and thé honorary
wardens and between the Government Department corcerned and thé pro-
fessional wardens, ' ' T

Turning to naticnal parks themselves » 1 would like to quote from the same
WWE article:

"National Parks, designed specifically for crocodiles, are needed

for many species, They are essential where it is impossible to
police adequately large areas of the habitat, or where a species has
become eritically endangered, Within these restricted areas it
should be possible to keep poaching to a low level which the popu-
lations can withstand., National Parks are there to conserve the
crocodiles. Human entry -- crocodiles being popular with tourists —
must be controlled and it may be essential o greatly curtail or even
exclude this altogether during the egg-incubating season when the
females are guarding the eggs. Dr Coit has shown EROrmous wastage
of incubating clutches of ¢ggs in the Nile crocodile population inhabi-
ting Murchison Falls National Park in Uganda, as a result of tourist
launches being allowad to approach the rookeries and so frighten the
nesting females into the water. Baboons and rmonitor lizards
{Varanus) are then able to dig up and eat the eggs., This would be

L fY

impossible while the female was at the nest,

So far T have hardly touched on the biological comsiderations of national
parks for crocodiles, I make no apology for making then appear of second-
ary importance, Of course, they are not, but the political issues are so
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complicated,  and their solution such esseniial prerequisites, that I feel that'
one must give them detailed attention in the first place.

In setting up any national park or refuge the best available expert advice
must be scught and the advice must come from someoiic free from political
pressures.  This generaliy means that he must come Irom ouiside the State
or country concerned, although, of course, he must be thoroughly familiar
with the biogeography of the territory. MNational parks for crocodiles should
be sited in ideal areas of habitat from the crocodiles’ point of view but
preferably alsc in regions not too remote from the out31de world so that the
parks can be adequately patrolled by wardens. Size is of major importance,
care being necessary to see that the park is large enough to be completely -
Viable. For instance, the national park about tc be gazetied in the Kimber- -

y Division of Western Australia for the estyarine crocodile emcnds along
the Ord River and its adjacent swampland for over twenty miles. All the area
is nrime habitat for C. porosus, vetis easily patrolled by wardens, one end
being just over ten miles from Wyndham, an important township where a full-
time fauna warden is stationed. The total area of the proposed park is about
120 squave miles. I would reitgrate that there are many of us well qualified
to select sites for crocodile national parks. T The real prob ems are political
and centre round effective protection for an anrnal living in difficult and
often remote terrain which has a high commercial value and is, therefore, '

subject to intensive poaching effort.




Paper No 15

CROCODILIANS AND PUBLIC RELATIONS

James H, Powell, Jr.
Flainview, Texas

In his book, The Empty Arxk, Philip Kingsland Crowe (1967) remarks that
"friends of the crocodiles , .. have a hard time selling their ideas"” . Though
still 2 problem, this apathy has shown signs of cracking. Crocodilians have
almost, a5 it were, awakened to find themselves popular. -As justone
sxample, in the finale to the current edition of the 'fce Follies™ alligators
are depicted in a sympathetic light, while in the.lobby, souvenir stands sell,
along with colour programmes and skating dolls, some rather realistic
rubber replicas of these reptiles. Properly exploited, this current surge of
public interest could be a potent weapon. Now, if ever, is the time for
crocodilian conservationists to 'sell their ideas’.

-The significance of crocodilians might be divided into the practical and
the intangible. The latter is, I think, the greater, but let us begin with the .
practical, for -- albeit for worse - we live in o materialistic world, The
guestion I am most often asked about my work is  "What good are crocg-
dilians?", So faxr, I have always succeeded in holding my temper, avoiding
an assault cherge, and attempting some sort of answer. And there are
answers. True, one might argue that the super -leather which can be tanned -
from crocodilians’ belly-skins, and which has so nearly brought about their -
dowafall, isused to make luxury status-symbols which the world really needs
like Custer needed more Indians. Subtler, but more truly i_mportant, is the =
crocodilians’ role in ecology. These reptiles feed heavily on predacecus fish
which feed iri turn on game and food fishes; -both spoxrt and commercial fish-
ing decline where crocodilians have been over-hunted, In areas of the tropics
and sub-tropics subject to a dry seascn, their diggings becom?e‘important o
water holes for wildlife and even for domestic stock, And in parts of South
America where Caiman crocodilus yacare consumes large quantities of ‘snails,
many of themr-cattle disease vectors, livestock epidemics have often followed -
the caimaneres (Buchinger, 1965), Since ecclogy is now receiving wide

~ attention, I think much should be made of the ecological importance of croco-/
diiiens and the negative impact on the environment their destruction can have,

Much, but not too much, lest we, too, join technocracy and forget that
the ultimate value of a erocodile lies not in its belly-hide, nor its value as a
tourist attraction, nor even in its ecological significance, but simply in the -
fact that it is 2 crocodile: big and ancient and monstrously magnificens;




It is of mag.ificance and not economic + that cha ni r 41 of Job sings. We
need crocodilians, not because they are useful, but also in respects in which
they are not, a—zc‘a it is sometimes necesgary to remind ourselves that, the

useless can also be pxeci@u:—ss

For this, I can think of no better memory aid than to emphasize the
close relationship between the Crocodilia and the dinosaurs. For above all
else, crocodilians are Archosaurs, the last of the 'Ruling Reptiles'. The
perennial popularity of the "Lost World’ school of science-fiction illustrates
the very deep, even emoticnal, fascination which the great reptiles of the
Mesozoic hold forthe public, I sometimes think that if only the human race:
could see a live dinosaur, it would die happy ! How absurd, then, to exter-
minate the nearest thing to 2 live dinosaur we shall ever have this side of a°
time machine : As Edwin H. Colbert {1945) points out, the largest of the
living crocodiliangiare "reptiles of no mean dimengions when compared with
soihe of the large dincsaurs™. Certain extinct forms were even bigger.

The 45-foot Phobosuchus of. the late Cretaceous was as large as Tyranno-
saurus rex, while the gavial-like Rhamphosuchus of the Pliocene of India-
may have reached 60.feet, In oiher words, the largest carnivorous reptile
yet discovered wag not a dinosaur, nor even from the Mesozoic, but a gigantic
crocodilian from the late Tertiary. The age of great reptiles need not be
over unless we make it so, "and I think a skilful presentation of the past and
present magnificence of ‘the crocodilian line would do much to show the im-
portance of saving these final remnants of the most spectacular land fauna of .
all tlme --'the great reptu@ empire of the Jurassic and Cretaceous, :

I—Io_w.ever, for .‘clﬁ-if‘ magnificenc.e t0 be other than thecoretical, it will be
necessary for individual crocodiiians to be allowed to reach full size -~ which
in reptiles i a very different thing from sexual maturity, Letting a crocodile
breed before killing it may preserve the species; but this is not enough for -
those who want to see the last Archesaurs in all their Mesozoic splendour.

A potential for-dincsaurian size becomes academic #f the animal is "cropped’
at ten feet. As the lumbex industry quite correctly points out to the Sierra
Club, there are more redwood trees today than ever'before; as-the Sierra
Club quite correctly points out to the:lumber industry, most of these are
saplings. If crocodilians.are to be:cropped on a.sustained yield basis, then‘
there must also be areas where they are not- c:‘opped -—~-some corner of
Louisidna where 18+foet alligators can again cruise the bayous, -some frag~
ment of Tanzania where 20-foot crocodiles can stiil give the shores.of -
Victoria Nyanza the aspect of a lost world. : L .

So much for ends; now to means.

In December 1967, Life magazine devof ed an cntzre dﬂu @ igssue, entitled
"The Wild World", ic the Va?ueu f wzlgﬂrpesu and the need for its preser-

vation, -Idon't know what the chances would be of cur getting a major national




magazine tc devote an issue to crocodilians; but if we could the potential
impact would be immense,

Meanwhile, I think the members of this Group should brepare a book on -
crocodilians, tentatively entitied Living Crocodilians of the World, L know
of no non-technical hook devoted exclusively to crocodilians, although they
are discussed in many general works on reptiles; and I feel a publication of
this sort would fill a real need, and help to focus interest on these animals.,
The details of the format can be worked out in discussion, but in general 1
visualize something similar to the late Armand Denis's Cats of the World,
There should be a chapter summarizing the history of the Crocodilia from
the late Triassic to the present, with emphasis on their Axchosaurian
affinities, Each of ‘the living forms should be individually discussed, with
range maps and as wide & selection of photographs ds possible, Conservation
will; < of course, be strégsed, though with care to aveid sermdnizing, as the
publiccan quickly sense - and resent . disguised propaganda, '

Each member of the Group would contribute chapters on his Specialities,
In some areas, it may be desirable to seek the collaboration of colleagues
outgide: the Group, As an example, although the American alligator fails
within'my geographical territory for the purposes of this meeting,” there dare
many students of this species far more competent to write about it than I am,
Since no one bersen would need to write more than a few chapters, it should, -
be possible to get the book into press ‘quickly, "before the public intexest in -
croeodilians wanes. Royalties from. sales cdﬁid'?'we_li';ri"é o a special fund for-
crocodilian conservation projects, TS :
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Paper no 16

BIDLOGICAL ISOLATION OF SYMPATRIC SPECIES
O.L—( SOU H‘i‘livg._n- u,[.l I f“i“ OCOD 14/

Fe erlco Medem _
Instituto "Roberto Frenco'', Villavicencio (Meta)

In Ualornma there exist four different spec;_c—:u of caimans apd two of
crocodiles, some of which arc geographically isolated by the Eastern .
r;nfies which dwlde the countr, v into two extensive areas: the first compris-
ing the Caribbean and Pacific coastlands and the river systems NE and NW
of the Andes; and the second, the Orinoco Plains and the Tropical Rain

Forests of the Amazon.

Lhe fl 'st is.inhabited by the 5p ecLacled caiman Caiman sclerops fuscus -
and €. 3. chiapasius and the American crocodile Crocodylus acutus, Wh.e.ie
the second forms the habitat of the following crocedilians:

Orinoco crocodile Crocodylus intermedius, confined to the Ormoco Basm.,

Black cziman Melanosuchus niger, confined to the Amazon Basin.

Spectacled caiman Caimai sclerops or crococlllus, subspeties a.nd several
different local populations.,

Smocth-fronted caiman Paleosuchus trigonatus.

Dwarf caiman Paleosuchus palpebrosus.

In comtrast to the crocodiles and to the Spectacied and Black caimans,
both species of Palecsuchus are not gregarvious but are found singly or in
pairs,

Ln addltlon te geograpt ucal ;solanon between the species, there exists
also an ecological one; in fact certain species show a preference for a
specific habitat or ecolo ch niche, even if they may not be completely bound

to it.

A remarkable case of apparent geographical isolation is that the Orinoco
crocodile does not enter the Amazon Basin by way of the upper Orinoco, the
channel of Casiquiare and the Ric Guainia (upper Rio Negro}, but the limit of
its distribution is found on the Orinoco, upstream from the village San Fer-
nando de Atagapo situated in Venezuela close to the mouth of Rio Guaviare,
This fact is not due to commercial hide- 11Lmtmcr m ﬂm 20th cem:ury for it was
observed by Humbolch in 1799 (N cdem 195013}

v




Paledsuchirs trigonatus’ and the Dwarf calman P, palpebrosus; evenif all- .- -

Strong currents and even rapids de not inhibit the migration of crocodiles,
as is clearly shown by the rapids of Maipdres and Atures, situated below Sap
Fernando, as well as by the narrows on the Rio Guayabero, The Casiquiare,
a channel which connects the upper Orincco. with the upper Rio Negro, wag
probably formed in geologically recent times; this, however, would nat
account for the absence of the Orinoco crocodile in the Amazon, since it-ig
not found in the upper course of the Orinoco: broper cither. Actually no
further studies ahout the migration of this ‘species can be made, ‘sifice it hag .
Deen almost exterminated by excessive commercial hide-hunting, a deplog-. .
able fact which applies also to many other crocodilians, P

Thus, all interpretations, since they cannot be based on field data,
must remain mere speculations, However, the absence of the Black caiman
M. niger in the Orinoco Basin can possibly be explained by ecological factors,
This Species, which grows to about 5 m in length, prefers quieter waters,
such as large bends. in big rivers, oxhow-lakes, lagoons and inundated .
forests, It does not avoid strong currents and was found in large quantities -
in the Amazon proper {(Bates, 1864), but.it scems to dislike rivers which
contain roeks in abundance and the banks of which are partially formed by
rocky walls and stone slabs, as occurs along the Guainfa and Casiquiare

Rivers,

Besides such ecological factors as quiet or running waters, recky river
beds, or falls and rapids which favour is_oiatiqn, there must also be taken -
into“accouitt the factor of competition. According to information by profes- .
sional hide-hunters (Medem, 1962), who worked in the Rio Atrato which
flows fatethe Caribbean Sea in the late twenties and carly thirties, there -
cxisted at'that time well-defined ecological niches for the American crocg. . -
dilefand the Speétacled caiman. While the crocodiles were found almost:
exclusively in'the Atrato River, its larger tributaries and big lakes, the
calmans were virtually confined to lagoons, creeks and marshes. This.
seeras to have been dueto the fact that the crocediles fed on caimars ; thus -
the'latter were forced to réetreat to niches that were inaccessible for larger
éréco'diles, which gave them protection, - In 1954-55, Ifound almostno i
crocodiles left but caimans in great abuadance in all rivers without a strong - i
current; thus, they had re-invaded the nOW unoccupied niches , -

A definite and almost complete separation of ecological niches exists for
the Spectacled caiman Caiman sclerops, the Smooth-fronted caimar: -

three are to he found together in inundated forests during the rainy se(gson .
Like that of the Black caimian, the ecological niche for the Spectacled -
caiman consists principally of quiet waters, and, therefore, it is not found-
near rapids and water-falls' but prefers the bends of large rivers, lakes and
swamps. By contrast, the Smeoth-fronted and Dwarf caimans are both found
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in another well-defined niche which consists -- in generel terms -- of swift
running waters in tropical rain forests. They are present in'samll creeks
with stony beds, in smaller rivers near rapids and water-falls, and in the
vicinity of whirlpocls. In large rivers they occupy the same swill-water
rmiche, but also invade quieter waters where they commonly hide below bran-
ches overhanging the waier ox hencath large accumulations of fallen irees
along the riverbank:. This is particularly true of the Smooth-fronted caiman
(Miedem, 1958b): the masses of fallen trees cause the formation of whirl-
pools and sometimes small rapids and, at the same time, are well protected

and rich in fishes.

A fair illustration of the different habitats of the Spectacled and Dwarf
caimari is provided by observations made in 1952 in the upper Apaporis River
{(Medemi, 1953a). The Laguna 'Inand’, connected with the river and consist-
ing of three individual lagoons inter-connected by a chamnel and by a small
creek, was studied during 15 days from 1600 to 2200 hrs. The creek was
about 500 m long and had a swift current in which the water was lower in
temperature than that of the lagoons, The Spectacled caiman occurred in
abundance in all three lagoons but the Dwarf caiman, only in the creek itseli
and in a lagoon near the mouth of the channel, where four to six specimens
appeared between 17 30 and 18 00 hrs each afterncon.

This possibly indicates that water temperature aiso plays a certain role
in the choice of the niche for P.palpebrosus, It was also observed later-that
the Dwarf caiman shows an extraordinary resistance to low temperature at
high altitudes (Medém, 1967). A specimen 74 cm in length was kept in
Bogota (2050 m alt.) without artificial heating at the Institute of Natural:
Sciences; he éscaped and was found in perfect condition after nine days in a
small pool, apparently feeding on abundant frog Hyla labialis; the tempera-
ture at night was as low as 6° ¢, On the other hgﬁa a Spectacied caiman,.
1.70 m long, died after three days in the Institute-where the average tem-
perature fluctuated between 15° and 20° C.° The Dwarf caiman later lived in
my apartment for more than a year in a shallow water-tank undex artificial
heating (22° to 27° C), but frequently left the water and remained for several
days in a dark corner where the temperature varied between 13° and 19° C
he later lived in the tropics again for another year and, finally, died by
accident after entering a salt water tank.

Competition as another possible factor in the cheice between the two
niches on'the Apaporis River should alsc be mentioned:’ the Spectacled cai-:

man grows considerably larger than the Dwarf caiman {up t0 2,25 m as com-
pared with 1,35 m), is gregarious and feeds frequently on smaller croco-
dilians.- Adult specimens do not enter smail creeks, possibly they feel in-
sufficiently protected in rather shallow warers; it has Deen observed with -
caimans in their naturagl habitat and in captivity that, as the individual grows-
bigger,“it'prefers deeper water . Thus, the Dwarf calman seems to be well-
protected in creeks against predation by Caiman sclerops.
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- Differences between the 2cologicnl niches of the two Species of

Paleosuchus are still poorly understood, but in general terms the following
can be said (Medem, 1967):

£y

2)

5

0)

was never observed to bask at places exposed to

In sevéral river systems or parts of the same river the Smooth-fronted
and Dwarf caiman are sympatric ., : ‘

In the case of such co-existence one of the two species is always con-
siderai?ly more abundant, '

In other rivers and their smaller tributaries, however, only one of the
two species was observed, : N

.AiTh:e_rdo csal side of the Smooth $frontcf:d caiman is covef.ed by é.fhiék

_growth of dark-green algae which may indicate that it lives in legs furby.

leat and, therefore, also warmer waters than the Dwarf caiman., This =
is po'ssibljr"'supported by observations in 1969 on the Apaporis River,
where several specimens were found living in large stagnant pools in the

forest close to a creek,

In the Dwarf caiman & thick growth of algae was never observed o indi- °
viduals collected in their natural habitat; however, it was found on
specimens kept in captivity in rather stagnant waters after about four
months, even if not as abundantly as on the Smoot] ~fronted caiman’,

There exists a difference in respect of the basking habitar: P, trigonatus
ver bright sun—Ii_ght',' but
rather in the shadow close to trees or below underbrush, On the contrary,
P.palpebrosus basks in the Sun, sometimes on the shore but mainly in
shallow waters close to the riverbank. In large rivers it basks on ft_)ciéslf
Or stone slabs in shallow water, situated near rapids and water-falls,
always with its head erected and looking upstream, One might wonder if

the shiny black colouration of the dorsal side in adult Dwarf caimans may

be caused by. the effect of prolonged exposure to ultra-violet rays and, "a;_

....the same time, serves as a protective layer against them.

7)

8)

Specimens of both species kept in captivity in the Institure "Roberto
Franco" in Villavicencio since 1967 and 1968, under rather natural
conditions, did not change their specific basking habits,

" A possibleé competition between the two species certainly exists, As
already noted, the Smooth-fronted caiman grows larger than P, palpe-
brosus and is, moreover, more aggressive, ag cbserved froE speci-
mens in captivity. This may explain pe_rh.aps'th_e higher degree of abun-
dance of one of the two species in the case of co-existence, and possibly
also the apparent total absence of one or other in extensive areas. It
must be remembered, however, that @_@ lack of records does ot




always mean a species does not o~cur in the region, but simply that it
has not heen observed, : . o

Finalty, I want to refer to the impact of commercial hide-hunting on two
populations of the Spectacled caiman. In 1952, a caiman was collectéd from
the upper Apaporis River, which was later described as a new subspeciés
Caiman sclerops apaporiensis, distinguished mainly by its narrow and
elongated snout from other long-sqouted calmans (Medem, 1955). In Feb-
ruary 1969, about 74 adult and semi-adult specimens of both sexes were
collected on the upper Apaporis in order to carry out studies on certain horse-
flies (Tabanidae) which frequently feed on their blood. It was found that’
many individuals did not clearly belong to the subspecies apaporiensis but
rather to a local population from the upper Vaupés River, situated east of the
Apaporls . Smce hide-hunting had already begun in the Vaupés in 1967, and
caimans were scarce in 1968, it may be presumcd that the population occur-
ring in thlS rlver underwent a forced migration' and were dlsplaced from
their orlomal ‘habitat. Moreover, many of them escaped by way of the Cafio
Tacunema and other smaller affluents into the Apaporls, since the head-
waters of the Tacunema are situated close to Lake "El Dorado" én the upper
Vﬁupes . The habitat on the Apaporis was, however, already occupied by the
native populat:on . The presence of numercus 1mm1grants may have had a
certain 1mpact on the Tocal C.s. c_paporlensw, the former trying to’ move

into already occupled territories and the 1a1.ter defendmg these.

As can be deduced from skull measurements of the adult specimens of
‘the 74 calma_zs mentioned above, it se>ms that apaponenms was present in
sma_ller quantities than those individuals belonging to the populatlo'l from the
Vaupés. Hide-lninting begun in the Apaporis in 1969 and increased consider-
ably in 1970-71; according to recent infoimation the caimans are now so shy
that thcy cennct be harnooned any more but have to be shot.

'This means that thé natural habitat of the Spectacled caiman of the Apa~
porls has beea cfiectlvely disturbed and that their habits have greatly changed
within a period of only two years, so that further studies on territorial
behaviour and competition between the two populations, within their undistur-
bed habltats , W111 be diificult to carxy out, in the future,

e main conclusions can be summarized thus:

1) In addition to geographic 1soiatlon, all crocochllans are deflmtely affected
) by ecolor-lcﬂ 1solat1011.

zZy The nrmc:wal factors for ecoloolcal 1solat10n seem to be the presence of
7 5:3W1ft ng, more quiet and even stagnant waters, together Wlth the
' elfLercnt tern :}erc.tures which i.;revall in each of these nlches A

iw




3)

5)

6)

7
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Competition between different genera, species and even subspecies and
Ioca!l populations has to be taken into account. '

The American crocodile Croeodylus acutus occupies dif,ferent':',habitats
which range from fresh water streams and brackish water zones to true
salt water;  thus, it once had an ample geographical distribution along

the shores of the Atlantic and Pacific Ocearis by means of active

migration, and was, moreover, also present on several island groups
of the Caribbean Sea in Colombiza and the Atlantic Ocean in Venezuela,

possibly due to passive migration.

The Orinoco crocodile Crocodylus intermedius is - in contrast to
acutus -~ a true fresh water form and confined to the Orinoco Basin.
Occasionally, specimens have been reported from Trinidad, W.I,,
having apparently arrived from the Delta of Amacuro s 28 the mouth of

the Orinoco is called, by passive migration,

‘The Black caiman Melanosuchus niger is confined to the Amgz_qp__Bfasinl.;_:

. The different subspecies and local populations of the S_p,eptacle;c}_-caimgn_

Caiman sclerops prefer more quiet waters and, therefoi‘e; their
ecological niche consists of lakes, ponds, marshes and the bends of
large rivers, Active migration, involving movement on: foot large dis-
tances overland through forests or across plains. at night,. takes place,
Cases of passive migration aré alse ‘kxféWﬁ"‘:‘_' ii°1961;, specimens were
collected from Gorgona Island, situated in the PgeificOcean at a dis-

" tance of about 15 miles from the mouth of Ric Guapi; -according to

information, they arrive at the scuth-western part of _f,tﬁat__ island on

- floating aquatic vegetation, trees and even on rafts used by the coastal

settlers (Medem, 1962),

In contrast” to the above mentioned crocodilians the e Iogical niches of
the Smooth-footed caiman Paleosuchus trigonatus and the Dwarf caiman
P.palpebrosus consists of ‘swift-'running waters in the tropical rain
forests. However, on the Orinoco Plains heth’ speciés ‘afe’to be found
along wivers and creeks of -which the shores are covered by gallery forest,

Théyiare also present, in:most of the streams along the eastern slopes of

the Eastern Cordillera, This area is known as the piedmont and does not

~beleng properly to the Plains, haviﬁ;g Dbeen origin'ally"'cé;féred by rain

' forests,

10)

There is a slight but still not fully understood difference in the ecological
niches of the two Paleosuchus species.

The growth of algae on the back of the Smooth-franted caiman possibly
indicates the preference for more quiet and, therefore, warmer waters,
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11} Such a layer of algae has, however, never been observed in the Spec~
tacled caiman which definitely prefers slow running or stagnant waters.
A particular morphological composition of the hide in the Smooth-fronted

caiman;may possibly favour the thick growth of algae.

12) Both specl es ¢of Palecsuchus move ratbor quickly on the ground and are,
therefore, apt to walk large distances through forests or surmount
elevated ridges in order to avoid water-falls,

13) The excessive commercial hide-hunting which becomes more pronounced

every vear has had a strong impact on all crocodilian populations, several
of which have now become virtually extinct.

e R %k

B
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Paper No 17

THE REPRODUCTION OF THE DWARF CAIMAN
PALEOSUCHUS PALPEBROSUS

Federico Medem : _
Instituto "Roberto Franco ", Villavicencio (Meta)

No exact data on the reproduction of the Dwarf caiman Paleosuchus

- palpebrosus existed until recent times. Those given by Medem (1958, 1967)
§ o, VI S

were not based on personal observations but rather on 1nformatlon_ by‘ I‘nd;anrs_

or rubber collectors, people possessing great experience Wlthcaa_mam T
mainly for the reason that they eat them., Donoso—Béi“"ifos_'_(_l%E)‘ ‘publighed
the first illustration of a single egg of P. palpebrosus’ without giving more
data, The same author informed me later (in litt, 28 April 1968 that "the
cgg was found in the cloaca of a female killed by a shot". o

The first “Xact, even if incomplete data were obté_ai:ri_ed in 196"7'_.' On 1
November a nest was derected in the gallery forest, close to a brook, the
Cafio Pachaquiarito, situated in the region of Peralonzo, a settlement about
50 km SE of Villavicencio in direction to Puerto Lépez, Departamerito Mots.
Colombia. This nest was investigated on'4 Novembér 1967 and was found to
contain 13 eggs. One was later opened and contained an embryo 132 rif in "
length which was already moving buf still not ready to emerge. The: rémain
ing eggs hatched between 18 and 29 December 1967, at the Instituto Roberts'
Franco in Villavicencio (Meta). Since an unpublished paper has been sub-
mitted to the Universidad Mayor de San Marcos at Lima, Perd, I will not
enter into more details here, |

By good fortune a second nest was found on 8 August 1970 by the adminis-
traior of a farm who informed me later that it was evidently built the night
before, It was investigated on 18 August, It was situated about 6 km W of
the settlement of Peralonzo, within a rather dense patch of gallery forest,
and constructed on an elevated site, 87 cm above water level, abott'3.,35 m
from the shore of 2 smali brook, known as the Mata Azul, The néStiﬁg'plé;de_"
was shaded by a tree and scaitered underbrush and exposed to sunlight only
from 1200 - 1300 hrs daily. R

In the case of the 1967 nest, the female was not present, The vicinity of
the nest was completely clear of leaves and debris ; fresh scratches on the
ground indicated the possibility that the female had recently returned either
in order to amass more nesting material or to lay the eggs. The nest wag
constructed of a mixture of rotting and green leaves, grass and twigs, and




~ 160 -

earth, with green leaves and grass alsc used as a lining; the indications
were that the nest had been built or re-built recently.

The following measurements and temperatures were taken:

Meagsurements Temperatures
Height 490 mm Environmental 27°C
Width 1463 mm In nest (at 50 mm depth) =~ 28°C
Depth 465 mm In nest {(at 220 mm depth} 31°C

.uH. c ,urnan nests, 'so far studied, have contained an 'egg-chamber’,
situated in the centre,l it consists mainly of earth or clay, mixed with rotten
leaves and ‘_'IEbI'L.: ;oin oider nests the earth becomes hardened almost like

"adobe (unburnt brick dried in the sun, used to construct the walls of mits)
and forms a cover which presumably protects the eggs aga_mst desmcatlon
at the same tinie keepmg the temperature more or lcss constant.

In the 1970 example, the egg-chamber was situated in the centre, about
560 mm from the outér border of the nest and was 100 mm deep and 158 mm
wide. The earth and leaves were still not hard, rather wet and stlcky. The
top layer of eggs were found at 365 mm below the surfam, of the nest and the
1owest eggs 465 mm down The top layer (rea.lly the ones last, lald) had been
deposu:ed ina 01rc1e while those of the second and third layer were in
zrregulc.r, some of them in even almost vert1ca1 posmons. All eggs Were '
covered by a sucl\y mucouu substanoo "

The re were 13 brittle- shelled oblong ecrg'e, stlll white in colour. Thls
indicated that they had been recently laid, %ince older ones are always o
covered by a thick black layer formed by debris and the excrement of the

abgpoa;tt grour_;d —_t_ez;mites .
Neasurements and weight’ Ot the eggs are presented in T able 1

The eggs to;rethet Wlth some nostmg materlal Were later carrled to the

The temperature 1n$1de the artmolal nest fluctuated botween 259 :and 31° C

the envirbnmental temperature from '23° t0'28° C heat was ma_mtamed at

night by an electric light bulb; once a week the nest was moistened; the

relatlve humidity of the air was 90% - 96% . The eggs were numbered and
arked 1 1 . begmnzn@ w1th those oI ’che top layer. '

' Eggs' Nos. 1- 11 hiatched notmall_;f be‘tween 5 November at 17 33 hrs and ‘
7 Noveraber at -38 15 hvs; the 1nd1v1dua1 m’ egg. No 12 was weaic Wlth st111 2’
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_E__g__g_ Measurements (mm ) Weights (g)
6 71.5 x 40.0 69.77
4 70.5 x 41.0 69.20
9 69.0 x 41.0 67.25

13  68.5 x 41.5 68.77
1 68.0 x 40.5 65.00
8 68.0 x 40.5 64.20
7 66.0 x 41.0 65.50

10 66.0 x 41.0 64,82
12 66.0 x 40.5 62.50
11 65.0 x 41.0 65.00
2 64.5 x 39,3 57.80
3 63.0 x 41.0 60.25
5 | 62.0 x 41.5 61.80

Table 1, Eggs of Paleosuchus palpebrosus, 18 August 1970,

Note: Size of egge: max. 71.5 x 40 and 68,5 x 41.5 mm, min, 62x 41,5
' and 64.5 x 39.5 mm; weights : max. 69,77, min. 61,8 g, Weights
do not appear to correspond exactly to the size of egas, ‘

a prbnounced vitelline sack but no egg-caruncle; egg No 13 was rotten and
poSs_ibly not fertile. These two last ©ggs came from the bottom of the egg-
chamber and were, supposedly, laid first,

‘The hatchlings emit a loud quacking sound inside the shell; as soon as
the €8g is lifted they break it by means of movements and the small, triangular
egg~-caruncle and literally Jump out to hide immediately among the debris of
the artificial nest, In cases where the egg is not touched or lifted, they

‘Temain often for hours mside the shell with the tip of snout sticking out and

call from time to time, Several eggs were lifted and the same reaction oceur -
red each time; the others were left untouched and most of the hatchlings had
emerged from the shellg by next day, but in a few cases still remained ingside
the shells,
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The young are covered by a sticky layer of transparent mucous slime
witich has more or less dried after a day. They remain hidden among the
roiting leaves of the nest, but appear from time to time, seeking the artifi-
cial light, Presumably in order to dry themselves, An individua] which wasg
put into shallow water immediately after hatching in 1967 remained weak and
died after two days. Evidently recently born P, palpebrosus must stay on the
ground until the mucous layer dries completely before entering the water,
This they do after approximately two days, -

The colours of hatchlings are the same ag those of juveniles and adults,
with the exception of the Cranial table which is yellowish-brown or even
yellow in some. individualsg and later changes to Tusty iron colour typical of
palpebrosus, in some cases after six or seven months {Medem, 1953). The
mandible, somewhat pinkish in adults, is light brown in hatchlings; the
dorsum, uniformly black in adults » 18 covered by black and -browa bands in
hatchlings and juveniles » It was established for the first time that the incy-
bation period for P.palpebrosus is 90 - 92 days. The hatchlings began. o
feed on small pieces of chopped up lung on 25 November 1970, i.e. after
about 18 - 20 days, They are still doing well (22 February 1971), mostly
Staying hidden among dry leaves on the ground during daytime and entering
the water between 1800 and 1900 hrs, : i

Corre'sponding te the numbering of the individual egos, measurements
and weight of hatchlings are set out in Table 2, .

Discussion arnd - Conclusions

1} Both nests of Paleosuchis palpebrosus were detected at places containing
Lo little undergrowth, were close o a tree and exposed to sunlight for
~-several hours a day, This contrasts with the nests of the Spectacled-
caiman Caiman sclerops (crocodilus), which are situated in the shadow
and often among dense underbrush, : - :

2} The females were not present close to the nest and were not even found ¢
during the following night in the nearby stream, which is alse in con-
trast to the Spectacled and the Black caimans Melanosuchus nifrer, both

- of which protect and defend their nests, ' '

3} It must be bresummed that the female has to return in order to dig out the
- epgs, since it seems quite impossible that the hatchlings would be able
to break the hard cover of the egg-chamber; rainfall, which could soften
the earth, ig infrequent in November-December, “The calling from in-
side the shell before hatching and the reaction of jumping out as soon as
the egg is touched or lifted possibly indicate that the mother aids actively
in hatching, o




4)

)

6)

7)

8) |

9
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The hatchlings do not all emerge on the same day; thus the female
possibly has to return to the nest several times, stimuiated by calls.
A similar case is described by Alvarez del Toro (1969) in his excellént
paper on Caiman crocodilus ("crocodylus' in the text), On that

occasion the male excavated the eggs whilst the female walted i the .
: water, calling for the hatchlings. : :

In contrast to the hatchlings of the Spectacled caiman, those of
P.palpebrosus remain hidden among the nest debris for about two days.

- In the natural habitat recently born or larger juveniles were never

observed together with their mother but always on their own in groups of
two to four individuals in shallow waters-of small streams. Hatchlings

-of Caiman sclerops, on the contrary, have been observed close to ‘or

even on the back of their mother who leads and defends them; on two

“occasions from four to six juveniles, of about 60 cm in- length and

therefore at least a year old, have been observed durmg the day in
compa.ny with the female. : '

Smce- Paleosuchus is not gregarious, in-contrast to Caiman and
Melanosuchus, it seems possible that the female does not protect her
brood but leaves them on their own. This, however, would certainly

expose them more to predators, among them adults of the same species;

and in fact the claws and scutes of juveniles have been found several -
times among the stomach contents of both Paleosuchus species,

Juveniles as well as adults of P.palpebrosus possess z highly protective
colouration. The contrast between the yellowish-brown or reddish
colour of the head, even more pronounced in the water, and the alter-
nating dark and light bands on the back (shiny black in adults) produces
a disruptive effect. Thus, the shape of head and body seems to be
'dissolved’ among the different coloured dead leaves, stones and gravel
in rumnning water, even at a depth of about 50 cm- {(Medem, 1958, 1967).
The Dwarf caiman generally remains motmnless 'on the bottom and so
becomes almost invisible.

According to Alvarez del Torc (op. cit.) a Spectacled caiman in
captivity laid eggs ‘15 days after the nest had been constructed, In the
present:case the incubation period was counted from 18 August, the day
on which the nest was first studied, It is not certain, however, if eggs
were laid shortly before this date or on or before 8 August, the date on
which the nest had been detected by my informant, who on my instruc-~
tions had not touched it. However, to judge from the white colour of
the shells and the green leaves found inside the neston 18 August, it

-.seems more probable that the eggs were then less than ten days old.

In spite of the fact that exact data on the reproduction of palpebrosus are
now available fox the first time, there still remain many unsolved
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Problems. This is also trye for all the other caimang - For instance,
nothing at all ig yet known about the reproduction of the Smooth -fronted
caiman Paleosuchus trigonatus; eight specimens kept under nearly
natural conditions in the Institute since 1968 have for some unknown
reason failed to hreed, '

10} It has become more and more difficult to study the breeding habjtg of
calmans in their natural habitat, Not only have they become scarce dye
to cxcessive hide hunting, but they have alse retired progressively to
less accessible areas, Mozreover, their habits have changed: once
rather tame and casy to approach, they are now extremely shy and
evasive,
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Paper No 18 ¢

PARENTAL CARE IN THE CROCODILIA, WITH SPECIAL
REFERENCE TO CROCODYLUS NILOTICUS

Hu gh. B C ot t ,
Selwyn College Cambridge

Maternal Care during the Incubation Periocd

"Care at the nest

It was well known to writers of the ancient world that' the Nile crocodile
mounts guard over the nest, Aristotle (trs. Cregswell, 1862) writing in the
fourti century B.C., says: "The river crocodile produces as many as 60
egps, which are white, She sits upon them for 60 days". According to
Pliny (trs. Holland, 1601), "The female layeth cggs as big as geese do, and
sitteth ever upon them out of the water". Both writers correctly assumed
that parental duties devolved upon the mother; and Solinus (trs. Golding,
1587), who writes "In cherishing up their young, the male and female
keep their turns', was mistaken in believing that the male of this species.

takes any share in these duties.

During ‘the whole ‘three-month incubation period; the female remains in
attendance, at or near the nest, though her behaviour differs in accordance
with the selected site. When the nest is beneath a tree, surrounded by
bush or otherwise shaded, tle parent generally lies directly on the nest,
with the throat or thorax above the egg-chamber. Nests in more open situ-
ations are watched from nearby sites affording shade to the guardian croco-
dlle. In Zululand, Pooley (19692) found nests that wetre guarded from as
many as three additional sites, where shade ranged from llQ‘ht cover to
dense tunnels of vegetation from which only thé afiimal’s snout protruded.

- In places where the rookery is fully exposed to insolation, for example on
open sand-bars or beaches, brooding females visit the water periodically
during the heat of the day, in accordance with requirements-of thermal
control, discussed elsewhere (Cott, 1961). Such behaviour has been seen
at many breedmg grounds on the Victozria Nil¢. On Central Island, Lake
Rudolf, Modha (1967) found that even durmg the hottest hours when other
crocodiles were in the water, females were seen on the rockeries: "At
intervals they would go down to the water to cool off but were soon out again

and lying near the nest",
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In some species the female constricts a special shelter from which she
can keep watch over the nest, Writing of the Marsh crocodile C. palustris
in Ceylon, Waytialingham (1880) states that the females wil] sometimes £20
for a quarter to half a mile to find a suitable sandy site for the nest, "They
make, first, a large hole for themselves to live in during the day in order to
Wwatch their eggs, and then make g small hole near and sometimes- at the very
mouth of the previous one, and lay eggs in layers .,." He further States
that the females will not allow anybody to 80 near the nests, that they. make a
fearful Toaring and attempt to attack anyone who approaches; and- that they
keep a strict watch and seldom or never quit the nesting place during the day,

Referring to the Estuarine crocodile C . porosus Loveridge (1946) -
Teports that the mother digs two wallows “wider than, but.not so-long as, her
bady, close to the nest, These wallows soon fill with water, -and in one or
the other the crocodile remains during the period of incubation, - The female
of the American alligator A, mississippiensis similarly constructs a nest-
side wallow or den from which the nest can be guarded during the incubation
period (Clarke, 1883 Reese, 1907), : '

Predatory enemies. of the epIs.

Egg-eating predators take a heavy toli of unguarded clutches, both by day and
night. On the Vietoria Nile below Murchison Falls important diurnal pred-
ators include the Olive baboon Papio anubis, Marabou stork Leptoptilos
crumeniferus and Nile monitor Varanyg niloticus; with Black kites Milvys
migrans and Palmnut vultures Gypohierax angolensis as camp-followers,

At night the work. is taken over by the Honey badger Mellivora capensis,

Herpestes. ichneumon -in Egypt (Anderson, 1898); and Water mongoose . .
Atilax paludinosus in South Africa (Stevenson-Hamilton, 1954). In Lake
Rudolf (Modha, 1967) Grey heron Ardea cinerea, Goliath heron 4, goliath
and Sacred ihig Threskiornis acthiopicus are known to prey on thg_éggs,

Other crocodilian species have different, though often related, nest
enemies. Thus, in Colombia, eggs of the Orinoco crocodile ¢, intermedius
are-caten by the Great tegu Tupinambis teguixin and by the South American |
Black vulture Coragyps atratys (Medem, 1958b), In North Australia, eges
of C.porosus are rooted out mad caten by Wild pigs (Barrert, 1939)," just ag
those of G, niloticus are destrayed in West Africa by warthog Phacocho erus
acthiopicus and-Bush-pig Potamochoerys poxrcus (Lavauden, 1934). " Again,
in Ceylon, the kaberagoya Varanug salvator fillg the niche, occupied by
V.niloticus in Africe, as an enemy of C.porosus (Deraniyagala, 1939),
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Active defence of -the clusch

The need for nest-protection is apparent enough. The guestion remains: do
the attendant crocodiles actively defend the clutches when they are threatened
by predators? Here it is necessary to distinguish between the behaviour of
the reptiles in a natural undisturbed state, on the one hand and, on the other,
in areas where they have been harried and hunted and have in consequence
learned to fear man, Observations made under the latter conditions -- of
crocodiles readily deserting the rookery and failing to drive away marauders
- may give a false picture of primeval nesting hehaviour. h

I have on several occasicons seen nesting crocodiles make sorties against
predators. In 1961, while observing a rookery.near the Namsika confluent
below Murchison Falls at close range from a grass hide, I witnessed a deter-
mined attack: a crocodile that had been lying about 15 yards from, and facing
the hide suddenly rose up and ran straight in my direction. When 1f reached
the front of the hide -- and as I was preparing to leave -- there was a rustlf, of
dead leaves and I caught a glimpse of a Nile monitor in rapid retreat. Croco-
diles that have been frightened from their nests by launches passing the
grounds have on a number of occasions been secn to return to the rookery to
chase away a foraging monitor or baboon. The presence of monitors in
crocodiles’ stomachs, as recorded elsewhere (Cott, 1961), indicates that
these egg thieves are sometimes taken unawares.

Opportunities for observing crocodiles in the pristine state are diminish-
ing, and Modha's (1967) prolonged studies at Central Island, Lake Rudoilf,
on what is one of the largest remaining undisturbed populations of the Nile
crocodile, are therefore of special interest.  He found that guardian females
never tolerated the presence on the rookeries of predatory birds such as Gr_ey'
and Goliath heron, Little and Great White egret, Sacred ibis and Fan-tailed
raven., Crocodiles were seen chasing these birds away from the nests. On
the other hand, inno cuous species which regularly frequent the grounds, such
as Egyptian goose, Spurwing plover and Water dikkop, were ignored.

The literature contains several accounts of attacks upon man by nesting -
crocodiles -- notably by C.porosus, which is generally believed.to be the |
most dangerous crocodilian, Boake (1870} records that a man who was taking
eggs from a nest of this species in Ceylon was repeatedly charged by the
guardian crocodile and on being attacked by a second individual at the nest was
lucky to escape alive. Shelford (1916) refers to an exciting struggle between
a party of hunters and a large female crocodile defending its nest on the
Baram River in Bornec. A spirited assauvlt upon himself by C.porosus
nesting in a pond near Townsville, Queensland, is describedmlir Robinson
(1948): "When I was taking the debris away from the nest she charged at me
with open mouth and drove me into the boat. One second later and I would
have been in her jaws. She came right out of the water and on to the nest,
clear view of the crowd locking on, and oaly for my having a long stick o Jab
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into her mouth I believe she would have come into tha boat™, From the Llanos
Orientales), Colombia, Medem {1958a) reports that a Dwarf caiman Paleg-
suchus palpebrosus attacked a hunter when he approached the nest containing
eggs. Del Toro (1969) gives details of nest defence by both male and ‘
female Spectacled caiman Caiman crocodilus breeding in captivity., Both
barents remained near the nest, not allewing the kecper or anyone else to
approach: and it is interesting to note that in this case it was the male who
took the main defensive role.

Comatose state in brooding females

Liitle is known of the night life of females during the incubation period. The
crocodile is nocturnally aquatic: yet females are certainly found oceupying
the grounds at night, However, no all -night observations on particular indi-
viduals have been made, and we do not know to what extend an all-night vigil
Is maintained, In lake- or river-side rookeries it may happen that brooding
females take advantage of the nearby water to feed for short pericds. Never-
theless, available evidence suggests that females fast throughout the incu-
bation period. Hippel, a professicnal hunter who had wide experience 25
years ago in the Lower Semliki and in Lake Kioga, and who made a study of
the diet of his victims (1946), told me (pers. comm, 1952} he had never
found food in stomachs. of females taken at the nest, Pitman's (1930)
experience was similar on the islands and shores of northern Lake Victoria,
Stomachs of brooding females examined by me were likewise empty.

Where cover is dense on & crocodile’s breeding ground, and especially .
where the site is at a distance from the water, the reptiles are very loath to
move from their nests. In such places, as incubation proceeds, females are
frequently found in a comatose state, unwilling to shift even under the
greatest provocation. Pitman (194 1) reported from Lake Victoria that shots
have been fired close to such crocodiles without evoking the slightest respense,
In 1957, I examined a rookery in a sand-river below Murchison Falls where
SOMe nests were nearly a quarter of a mile from the water. Females in | o
their trance-like state lay motionless, like felled logs: one refused to move
even when large stones were thrown on her back; others hissed their remon-
strance and shifted a few feer into thicker cover, Similar behaviour has been
witnessed by Pooley (1969a) in Zululand., He writes: "One female at ,

St Lucia withstood a barrage of sticks thrown at her, adopting an attitude of
defiance during the ateempt to chase her off the nest. She lay with head held
almost vertical, jaws slightly agape, uttering a deep throaty growl.each time
& missile landed nearby or actually hit her. Our attempts to dislodge her
failed",

- It seems almost certain that such crocodiles remain on the rookery until
hatching time, without once visiting the water, The physiclogical condition
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of these animals, especially in regard to dehydration, is doubtless compars -
able to that of torpid crocodiles which, under different circumstances, are
known to survive long periods of drought, aestivating in caves and holes dug
in dry pans or river-beds, Many observers have recorded such behaviour,
as, for example, from Lake Rukwa {Swynnerton and Nicholson, in Cott,
1961); Abyssinia (Emin Pasha, 1890); Someliland {Eliot, 19053); West Nile
Province of Uganda (Kittenberger, 1929); .and Mali (Lhote, 1948): the
latter states that crocodiles inhabiting a temporary lake near Ménaka spend

at least six-months of the year aestivating in the mud after the lake has dried

ap.

Parental Care at "Hatching Time -

Calling: of: the young

When ready to hatch the young respond to' airborne sounds and to terrestrial
vibration by calling. Under artificial conditions -- if, for instance, eggs are
stored in boxes indoors - the human voice, a tape recording of a hatchling's
grunt, the-slamming of a.door, or the shaking of an egg in the hand, will
elicit the vocal response; and when one hatchling calls others may join in the -
chorus. In the field, a pat of the palm above the nest will stimulate calling,
and this reaction provides a ready means of ascertaining the time when
hatching is due. Under natural conditions the step of the mother or the sweep
of her tail near the nest will doubtless have a similar efféct. Hunt (1969)
reports a like response in hatchlings of the Spectacled caiman: whan he
lightly brushed the roof of the nest so as to simulate a mother crawling on the
ground, croaking was heard. ' . =

Maternal reaction to: vocalization

The sounds uttered by the unhatched young stimulate the guardian parent to
visit the nest and open it, thus enabling the hatchlings to escape from the
shells. Experiments to test the female's response to 4 tape recording of the
cri¢s of-unhatched crocodiles were carried out on different rookeries below
Muzchison Falls in 1968 and 1969, At one site the recorder was concealed in
amobservation hide. The female that had been floating off shore when the
recorded was switched cn, soon submerged and promptly surfaced at the bank
and climbed up towards the hide without hesitation., On another occasion
when the recorder was hidden in grass on a sand-bar close to several nests,
three crocodiles swam towards the sound. One of them hauled out and came
to rest just short of the playing recorder.. Modha (1967) had previously
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obtained ger erally similar results on Lake Rudolf., There is, then, no doubt
that the croaking of the unhatched brood does alert, and attract, the nesting

mother to her brood.

Exhumation of the eggs

It is well known that the female unearths the eggs at hatching time, but details
of the process have rarely been observed, Examination of nests that have
been opened by the parent shows that alternative methods may be used,.
according to the situation of the nest, Normally, and where the brecod-cham-
ber is 'co"f_ered with hard, firm earth, the crocodile lies with ker snout near
the nést,” and digs down to the eggs with the fore-limbs. At such nest sites. -
one can often clearly see a platform, wedge-shaped in front where the throat
had rested, with a trench on each side made by the fore-limbs, with two -
heaps of excavated speil that had been thrown back beside the body, and claW~
marks left in the wall of the egg-chamber, C :

. On thé other hand, where nests are in locse dry gand, liable to cave-in i
durmg e.A.CELVElthH, the female scoops out' a hollow from above the eggs with - . ‘
her body.’ Mr L.J. Sim, a crocodile hunter in T anzapia, informed me-.-. .. ‘
(pers, comm.; 13 March 1953} that just before sunset on 30 Januarxy 1956 |
he saw a crocodile wriggling and squirming on a bare patch of river-bank.
On reaching the spot he heard the young croaking from beneath the shallow i
rimmed crater thus formed, An African assistant told Sim that he had wit-
nessed the same method of liberation, and he was most insistent that the
crocodile’s feet were not used, This method is certainly consistent with the
appearance of shallow basin-like excavations -- some over four yards (3,70 m)
in-diameter - such as I found in 1952, in two colonial rookeries at the south
end-of Lake Albert (Cott, 1961). Loveridge (1953) saw similar crater-like
excavdtions on dune-sand near Mtimbuka, Nyasaland; and a photograph by .
Adamson (1955) illustrates-a rookery of nest- -craters on Lake Rudolf sands.

At hatching time the young are absolutely dependent upon maternal assist—
ance. The eggs are covered by many inches of earth: in some soils, such as
loamy clay which packs hard, a man would have to use a a panga (machete) to
chip the covering away and there is no question of the hatchlings- escaping -
unaided. Unless the parent is at hand to expose the eggs, the young perish in
the shell. In the course of surveys carried out below Murchison Falls in
1968 and 1969, when some 350 nests were under observation, I have no
record of hatching except from nests that had first been excavated, Modha
(1967) made similar observations on Lake Rudolf: he reports that from not.
one of 150 nests had any hatchlings managed to escape without maternal help,
In cases where the female fails to revisit her croaking young, the sub-
terranean chorus may continue for four or five days. When the release is
overdue, the surviving hatchlings burst the shell and emerge almost
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explosively immediately the eggs are unearthed, though a moment before the
shells, were not even chipped.

Release of the hatchlings

The remarkable determination of the female to reach and liberate her young
has been observed on a number of occasions. This was first demonstrated

- experimentally by Voeltzkow (in Gadow, 1901}, who had a nest surrounded
with a fence, When the mother had returned several times and partly _
destroyed the fence, this was replaced by a stronger one. The mother then
dug a deep. ditch beneath the fence in her efforts to reach the nest. In Zulu-
land, Pooley (1969a) isolated a nest with a structure of stout poles 15 ¢m in
diameter, . supporting an §-gauge wire fence, the latter firmly bound with
sacking, and the nest roofed over with the same material. At hatching time
the parent was found to have smashed her way through the barrier and to have
opened the nest. Pooley (1969b) also reports that screens of heavy wire
mesh, laid over nests to protect clutches from predators, were easily dis-
placed by the parent at hatching time, some of the screens being found 3 m
from the nest in a twisted heap of wire and pegs. Jones (in Cansdale, 1935)
records that in the Bonthe District of Sierra Leone a nest was first discovered
in a rest house only when the adult came one night to dig it oug, ‘

- Whether, in the field, the female assists her offspring in the actual
hatching process is.not known,. But recent observations on crocodilians in
captivity suggest that it may be so. Hadley (1969) has described hatchings
witnessed by him in Livingstone Game Park in 1966, Having dug her eggs
from the ground, the mother C.niloticus "carried three or four of them at a
time to the water, They were held very lightly in her mouth and she moved
her head from side to side slowly in the water as though washing the eggs.
She then applied pressure to the eggs and cracked them. One young crocodile
emerged from the egg and swam out of her mouth, and a second dropped to
the bottom of the pool and shortly afterwards the young crocodile surfaced,

This I witnessed twice" .

Even more surprising is the parental care of the Spectacled caiman, wit-
nessed. at Tuxtla Gutierrez Zoo and described by del Toro (1969). "After 70
days of incubation ., ,the male started to break the nest, scratching at it with
his hind legs and tossing mouthfuls aside ... Now something very unexpected
happened: the male rolled over several of the eggs, crushing them with his
hind legs and tail until the young were free. He also took hold of several
eggs with his teeth, . one at a time, and crushed the shell carefully till the.
young could escape' . The female stayed in the water while this was happen-
ing, called to the young, and took them around the pool "just as a hen takes
her chicks around the yard" .
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“In the light of these observations, the comment by Vansleb, who wrote of
the Nile crocodile in 1678, is of interest. He states that at hatching time the
female "then goes and opens the hole and breaks the shell with its Musle for :

the young to creep out".

Post Natal Maternal .Care

Early reactions of hatchlings

Observations on clutches of eggs excavated at hatching time show that, as
soon as they have broken out of the shell, hatchlings tend to make for a near-
by object affording shade and shelter, For example, ‘when in 1968 at Mur-
chison Falls I placed a crude dummy of a crocodile a few yards from eggs
that were about tec hatch, most of the young, on emergence, made their way
to the dummy, some immediately, eagerly and at a run, dragging the um-
bilical cord and still-attached shell behind them, and took coyer beneath the
lower jaw and along the flanks of their 'mother’ . When in 1969 my African
assistant lay down motionless close to an excavated clutch, he likewise
became a centre of dttraction, and soon had many baby crocodiles sheltering.
under His chin, arms and sides,

Transit from nest to nursery

This behaviour raises the questions: how do the emergent young react to the
presence of the female in 2 wild state: and what part does the female play at
this phase of the breeding cycle? Transit from nest to nursery has never
been witnessed. Whether the young are conducted, or carried from the one.
to the'other, is not yet certainty knovm . o

Faétors favourable for the nursery site ure shallow, confined or still N
watér , with for cover plentiful marginal or floating vegetation such as Pistia

stratioidés, Cyperus articulatus or Leersia hexandra, The site may be in
the lee of a fallen tree, in a creek leading from the main body of water, or
inland in a shallow mere. Such nurseries can often only be reached by travel
of several hundred yards across country, and in a direction away from the

waterside rookery.

As to how the journey is accomplished, accounts vary. An early obser-
vation is given by Goldsmith (1805) who states that on being set free the
brood "quickly avail themselves of their liberty; a part run unguided to the
water; another part ascend the back of the female, and are carried thither
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in greater safety”. Young have been seen on a number of occasions following
the parent, Thus, in Madagascar, Voeltzkov {1899) was reliably informed -
by:his taxidermist that he had seen a large crocodile with a tribe of about
twenty young ones travelling over a stretch of sand to the water: the pareat
was in an excited state -- "Das alte Tier sei auffallig wild gewesen". In
Bagctseland, Livingstone (1865) was told by his companions that the female
leads her brood to the water. Mr F, Wilson (pers. comm., 1952) once saw
a crocodile with a brood of newly-hatched young sunning on a bank in Lake
Victoria: on being disturbed the parent went into the water, followed by her

hatchlings.

With other species, the parent-offspring relationship appears to be
similar. In his account of a primeval nesting ground of A. mississippiensis
on St John River in northern Florlda, Bartram (1792) frequently saw the
female ”1eaa1ng about the shore’ her train of young ones', One alligator ~
which’ passed close to the side of his boat had young followmg after her: "they
kept close together in a columu, without stragglmg off to the one side or the
other" . Mltchell (in Kellog, 1929) states that the mother on Watch calls the
hatchlmgs to her den, Whlch then becomes their home.

' There are other records which suggest that the female may sometimes
carry her brood to their new quarters. Chadwick (1931), who witnessed a
hatching, states that as each young one crawled from the shell "it swarmed
upon the mother and clung to her" In Nigeria, Lamborn (1913) was
informed by natives that the young crocodiles » immediately after hatching,
attach themselves to the dorsal fringe of the tail of the mother and are thus
conveyed by her to the water, Mr J.L. Sim (pers. comm., 13 March 1958)
was given similar information in Tanzania: "when the young emerge, they
mount the back of the mother, and as soon as it is dark, she transports them
through shallow water to a patch of reeds™ . In Lake Rudolf, Modha (1967)
was told by natives that the young are carrled to the water on the snout, neck v
and back of the famale, A launch coxwain with long experlence of the ' ,
Victoria Nile at Paraa dssuted me that in 1967, he personally saw a crocodlle'
on land transporting hatchlings on its back. Similar hchaviour has been
recorded of the American crocodile C. acutus (Ulloa, in Brehm, 1885).

Once established in the nursery site, the young -- over a period of several
weeks - constantly clamber on to their parent's head and back as she lies
half-submerged .this I have Wztnessed and photographed at close ra:nge Ol =
many occasions in Uganda

Predator_y enemies of the _young

Unguarded hatchlmgs, like the eggs, sre Very vulnerable and are preyed
upon by many. enemies. In the V;ctoua Nile these are known to include Nile
monitor, Great White egret Casmerodius albus, marabou, Saddle-bill stork
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Ephippiorhynchus senegalensis, Fish :agle Cuncuma vocifer, Black kite,
Ground hommbill Bucorvus leadbeateri and African civet Viverra civetta
{(Cott, 1968). Records of other species that prey upon hatchlings are:.in
Egypt (formerly) Egyptian mongoose Herpestes ichneumon and Soft-shelled:
turtle Trionyx triunguis (Anderson, 1898); on Lake Rudolf, pelican, Sacred
ibig, Pied crow Corvus albus and the catfish Clarias lazera (Modha, .1967
and pers. comm.); and in Zululand, Goliath and Grey heron, Little egret
Egretta garzetta, Spotted eagle owl Bubo efricanus and Rusty-spotted genet
Genetta tigrina (Pooley, 1969a), ’

The situation is closely similar for hatchlings of other crocodilian
species. [or example, of the American alligator Le Buff (1957) recoxds
otters, skunks, raccoons, large wading birds, turtles, snakes and other
alligators.as ememies, Audubon (1827) referred tc White ibis Guara alba:.
(= Eudocimus albus) and Sand-hill crane Grus canadensis as eaters of the.
young. ‘The American bullfrog Rana catesbiana has the same habit
(Wettstein, -1954),

Maternal defence .of the young

The female in charge of her brood becomes an agpressive and dangerous
animal -- alert and ready to attack any adversary, both by day and night,
During two seasons' work on the Victoria Nile I witnessed defensive behaviour
On many occasions. The female at one nursery was seen to make a tremer -
dous leap out of the water and over a fallen tree trunk, to drive away a Vervet
monkey that had come down to drink. When we approached another nursery
that was sited in a creck forty yards (37 m)- {rom the river, the female on
more than one occasion came directly for the boat, porpeising and threshing
the water with its tail. At 2 riverside nursery the female unobtrusively. sub--
merged, coming up beneath the patrol-launch and striking it a tremendous
blow with its head. A fourth female guarding her brocd in a ditch was un-
usually bold: during days of observation this animal made repeated attacks
whenever I approached her closely -- hissing, growling, and making lunges,
jaws agape, with incredible agility. Seen at point-blank range, such de-
monstrations are most impressive, T

Descourtilz (1809) has an account of C. acutus making a determined
attack on two men when surprised at her nest, Dharmakumarsinji (1947) who
watched a female Marsh crocodile for a whole day "maintaining a scrupulous
guard" over her newly-hatched young, writes: "I saw this crocedile rush
out of the water, at least a dozen times, to drive away Black-necked: storks.
Zenorhynchus, herons Ardea and large white egrets Egretta when they
ventured to alight near the young which were lying helpless at the water's
edge”. The crocodile was afterwards shot and confirmed to be a female. -
Neill (1946) relates that the calling of a juvenile _@_’_:novae-guineae that had
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been caught by hand at night, provoked the adult into charging savagely in
the direction of the sound. Hartwig (1873) described an attack made under
somewhat similar circumstances upon Richard Schomburgk by Melanosuchus
niger on the Essequibo: '""The mother, a creature of prodigeous size,
suddenly emerged with an appalling roar, making desperate efforts to reach
her wriggling and screeching offspring ... Having been wounded with an .
arrow, she retived for a few moments, and then again returned with re-
doubled fury, lashing the waters into foam by the repeated strokes of her
tail™. Mcllhenny (1934) relates how a female American alligator had to be
restrained from attacking him when he wag handling her young at a nest on

Avery Island, Louisiana.

- Recent observations have shown that the young remain gregariously with
the mother for several weeks, learning to feed and fend for themselves while
under close maternal supervision. Thus, on & April 1969, afemale with
her brood was found occupying a waterhole in a narrow ditch. opposite Paraa,
The hatching date of the clutch was not known. Subsequently this nursery was
under observation, at first daily, and later at intervals of a few days. The
mother crocodile continued to guard her hatchlings until 28 June -- the last
date she was seen in the nursery. Her duties had extended over at least 81
days -~ a period about equal to the incubation period. In other words, it
appears that for about six months in the year the breeding female is continu-
ously engaged in pre-natal and post-natal care.

Knowledge of - the vital part which parental care plays in the successful
rearing of offspring has important implications in the field.of management
and conservaticon,. - Disturbance of females on the nesting grounds causes
high mortality both through hatching failure and predation, Protection from:
intexference during the successive phases of the reproductive cycle is there-
fore essential for recruitment and long-term survwai of the population

(Cott, 1963, 1969).
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Paper No 19

THE SENSES OF CROCODILIANS

A.d'A. Bellairs
St Mary's Hospital Medical Schoel, London

Introduction

Crocodilians, like most active predators, are alert animals, well endowed
with sensory equipment, and for their zoological station in life seemingly. ...
intelligent in the sense of being able to profit from experience. There is,
however, little evidence that their brain structure is more advanced than
that of zeptiles in general (Goldby & Gamble, 1957). -

~ On the behavioural side, it seems likely that the nesting habits and .
faculty for maternal care of eggs and newly hatched young are more complex
in crocodilians than in other reptiles (Cott, 1961, and in'these Proceedings).
Religble field accounts indicate that crocodiles show cohsiderable ‘cunning
in stalking and capturing their prey; for example, Cott writes that "adult
crocodiles often lurk off-shore near game trails and watering places. . On
sighting an animal that has come down to drink, the reptile quietly’ sub-
merges, and cruises under water to the precise spot from which it can/make

its fatal upward rush™., When ambushing prey a crocodile may use its tail to
give a disabling blow, or to throw the victim into the water . ‘I have heard it
suggested that crocodiles may co -operate in driving fish into the shallows
where they are easier to catch, but am uncertain how much trith there is

in the idea.

It is well known that crocodiles become increasingly wary in places where
where they are extensively hunted. This applies even to nocti;’ruél"ﬁiiﬁting;
the reptiles become 'light-shy' and can no longer be easily approached in
the water when a light is shone at their eyes. The ability of the animals to
learn very quickly to avoid enemies has been demonstrated by Bustard (1968),
who studied a wild population of young, previously undisturbed -Crocodylus

POrosus in an isolated lake in eastern Papua, On the first night when the lake

was visited it was possible to approach 11 individuals on the surface and to
capture five by hand. On the second night a further ten animals were
appreached but it was only possible to catch one; on a further Dpatrol an hour
Iater eight specimens were seen but only one permiited close approeich and
none at all were caught. The captured crocodiles were kept until ‘the énd of
the investigations. - ' | o

‘J.
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Despite the fact that many species of crocodilians can be kept fairly
easily in captivity and are suitable for certain types of experimental study
(Coulson & Hernandez, 1964), no laboratory investigations of their learning
ability {as, for example, to learn their way through a maze) or powers of
memory appear to have been undertaken. There has been a similar lack of

study of their sensory physiology, except perhaps where hearing is con-
cerned, and for the most part our knowledge of their senses is based on the ‘
inferences which can be drawn from anatomical structure. This is basically
similar in all the 23 or so existing species of this very conservative

group,

The jlNr;ose and Sense ‘ of Smell

The nasal pasSages of crocodilians show various spécializations which will be
briefly described, although they seem to be primarily associated with the
peculiar type of amphibious predatory mode of life which these animals pur-
sue, rather then directly with the sense of smell, The nostril openings, like
the eyes, face upwards and are srcuated o an elevation at the front of the ;
snout (see Fig, 1A). Each nostrll has the shape of acres centic slit,
concave posterlorly, and is opcned and closed by a pair of muscles Wthh
seem unique to crocodilians Openmg of the nostril is effected by the con-
traction of a muscle with lcno'ltudmal fibres attached to the posterior wall of
the bcny external nasal openmg.: The nostril is closcd mainly by a circular
muscle whose fibres surround the longitudinal muscle like a sleeve. When
this contracts it squeezes the longitudinal muscle like a piston against'the
back of the nostril, clcsmg the aperture. These muscles are of unstrlped
character and are innervated by the sympathetic nervous system (Bellairs &
Shute, 1953) Cavernous tissue, consisting of blood vessels which can be
dilated and press against the walls of the nasal vestibule, provides an ancil-
lary method of narial closure. This type of mechanism is found also in
certain aquatic chelonians and in desert lizards, both of which lack the more
spec:lallzcd crocodilian narial muscles. In terrestrial forms it helps to keep
sand out of the nose, ' .

L Each external nostril of the cxocodlle leads domwards mto a short tube
or vcstlbule which opens in turn 1ntc the main nasal chamber or cavum
proprium nasi. This chamber is moxe complzcated than the correbpondmg
part of the nose in other reptlles . Medially, of course, it is bcunded by-the
nasal septum, which separates it from its fellow of the opp031te side. . On the
lateral wall there are no less than three projections ox ‘conchae which bulge _
out into the basal cavity; they are composed of cartllage covercd by mucous
membrane. From front to back these projections are called the preconcha, |
concha and postconcna (sec Fig. 1B). In other existing reptlles only a
single conchal projection is usually present, Membrane-lined TECEesses or
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paranasal sinuses open into the nasal cavity on either side, while the naso-
lachrymal duct enters the nose beneath the posterior part of the preconcha

(Parsons, 1970).

- The long nasopharyngal tube begins beneath and behind the preconcha
and passes posteriorly to open near the back of the skull; in its course it is
Invested by various bones, i.e. the palatines, vomers and pterygoids; the
Internal narial openings traverse the pterygoids in the bony palate. The
significance of this arrangement is, of course, well known., The internal
narial opening is guarded by two flaps of soft tissue, one extending downward
from the palate and the other projecting upwards behind the. tongue (see Fig.
1B). This latter flap can be thrust upwards by muscular action and, together
with the palatal flap foxms a kind of valve which prevents water from entering
the trachea when the jaws are open. Cons equently the crocodile is able to
drown its prey without taking water into its own respiratory passage.

Onty a paxt of the nasal cavity is lined by sensory epithelium containing -
olfactory cells with hair-like processes or cilia; the olfactory nerves arise.
from these cells, become collected into bundles and pass back to the oHactory
bulbs of the fore-brain, This olfactory epithelium is restricted in crocodiles
to the posterior and dorsal part of the cavum proprium, and.to the dorsal
parts of some of the paranasal sinuses. The rest of the nose is lined with

epithelium of non-sensory, 'respiratory’ type.

It is clear that the olfactory organs of crocodilians are by reptilian stan-
dards -well developed, although the organ of Jacobson (a specialized and more
or less separate olfactory. organ which is of great importarce in lizards and
snakes) is absent, disappearing during embryonic life. The importance of
smell in the life of crocedilians is suggested by the presence of two pairs of
large musk glands, one beneath the throat on either side, the other just
within the cloaca, These are said to be particularly active in the breeding
season and.Gadow (1901) suggests that the sexes are able to find each other
by following scent trails in the water. As a rule, however, the nostrils
appear.to be closed when the snout is submerged and it is possible that the -
animals cannot smell under water.

It.also seems likely that crocodilians rely on their sense of smell to ., -
locate prey, and in particular, carrion. They readily assemble, especially
at night, to feed on a carcass, even when this is some distance from the :
water {(Cott, 1961). It should not be difficult to devise experiments on cap-
tive animals which throw some light on their olfactory powers. :

Eyes and Vision

The eyes of crocodilians are relatively large and possess the usual reptilian -
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complement of accessory °tructures. upper and lower eyelids (the former
being supported by a distinct supraorbital bone), a well developed nictitating.
membrane with its own musculature, and lachrymal and Harderian glands
discharging into the con]uncuval space. In many species the eye colour is
greenish yellow but in Osteolaemus it is a dark, liquid brown. Croco-
dilians have some degree of binocular vision, the fields of the:t\:vo gyes over-

lapplnrr by some 2a

_ Although crocodlles are oftén active in the daytime and bask at certain,
tlmes of the day, Inany features of their eyes suggest adaptatzon to nocturnal
hablts (Walls 1942 ' Underwood 1970). For example, the scleral ossmles
present in most reptllee (other than snakes) and in birds are absent, though.
they were pres ent in certain extinct crocodlhans . These little plates of bone :
apparently play an important part in the typical sauropsid method of accom- N
modation. They help to maintain the inward convexity of the coxrneo-scleral
junction and hence facilitate the exertion of pressure on the lens by the ciliary
body,’ thls results in increasing the lens curvature in a manner approprlate
for close vision . It is generally beheved that crocodilians have only poor o
powers of accommodatlon s¢ that lmages of objects close to them are neces- o
sarlly crude. M oreover their eyes appear to be correctly focussed for '_
dlstance vision in air, and it is very unlikely that they can accommodate suf- '
: flclently well to see with any precision under water, with its different re-
fractive ndex (Walls, 1942; Tansley, 1965).

The retma is duplex, contamlng both rods and cones (see Fig. 2), The
rods Wthh are concerned with vision in dim light, are mMore NUMerous; as
in many other Vertebrates the pnrplc Vasual pigment rhodopsm is found in the
rods when the retina has adapted to dark. There is a small reglon of spemal :
sensmvu:y (area centralis) where the power of optical resolutlon is probably

greater than elsewhere.

Another mterestmfr feature of the retina is the presence of a well devel-
oped tapetum layer Whlch is situated outside the neuro- -sensory layers of the
retina but internal to the choroid, and contains reflecting ¢rystals of guanine,
Tapeta of various types are found in many other nocturnal animals and have
the function of reﬂectlng light back on to the visual cells (rods and cones) and
80 1ncrea51ng their sensﬂwlty The presence of the taDeturn is respon51ble
for the phenomenon of 'eye-shine’, as When the eyes of a cat are illuminated
at night by the headllghts of a car. A crocodile's eyes reflect light in a
similar way and the reddish eye- shlne elicited often’ betrays the presence of
the animal to the torch of the nocturnal hunter ,

The crocodilian pupil has the form of a vertical slit in bright light. In
his fascinating bock, The Vertebrate Eye, Walls has pointed out that the
vertical pupil is not diagnostic of nocturnal habits as such, but-is character- . -
istic of nocturnal animals which also like to bask in bright sunshine; here
again, the domestic cat affords a ‘parallel. A slit-like pupillary opéning can
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be closed more effectively than a circular one, and hence gives a better pro-
tection for a retina which is basically suited for vision in dim light,

One might imagine from the conditions described that the crocodilian eye
only worked efficiently at night, but it is by no means certain that this is S0,
Many field accounts suggest that the animals can perceive both enemies and
prey at a considerable distance, Moreover, they appear to be capable of
precise judgement when stalking and seizing prey in the daytime and have
been known to spring out of the water to capture leaping fish or flying insects,
Their skilful use of such tactics is surprising in view of their reputedly
feeble powers of visual accommodation and seems to merit further investi-

-gation,

It is thought that crocodilians, uanlike many chelonians and lizards, are
unable to.perceive colours (Walls, 1942), There are no obvious colour dif-
ferences between the sexes nor are there other indications that colours are
important in crocodilian life. Nevertheless, in view of the relatively close
relationship between crocodilians and birds, experimental observaticns,
based perhaps on attempts at colour training, would be welcome.

Far and Hearing

The outer and middle ears of crocodiles show many interesting features, but
it is.questionable how far thése are fsignificantly related to the function of
hearing. The outer ear structurée is considerably more elaborate than that in
other groups of reptiles (see Fig. 3A). Behind the eye there is a well
developed superior ear-flap or 'pinna’; this is covered with scaly skin and’
conceals a fairly shallow meatal space at the bottom of which lies the tympanic
membrane. Beneath and in front of the supericr ear-flap is a less well
defined inferior flap continuous with the tissues of the 'cheek' region. At the
front of the ear region there is a slit-like opening between the upper and lower
car-flaps which is generally dilated when the head is in air and closed when it
is submerged. These movements are effected by muscular action and appear
to constitute the normal methed whereby the tympanic membrane is exposed
to sound waves. The whole superior ear-flap can also be moved up and down
by a further pair of muscles situated near its posterior edge., Wever and
Vernon (1957}, -in their valuable study of the crocodilian ear, state that the
superior ear-flap is often raised slightly when the animal is on ITand, but '
pronounced movements of this flap can seldom be ohserved . They canbe
elicited, however, if a few drops of water are squirted under the flap on to -
the tympanic membrane; while an author on big-game hunting (Lake, 1953)
has written that if a crocodile is frightened or angry its superior ear-flaps
move up and down like hummingbirds' wings, an apt description. One would
like further observations cn the use of these ear -flaps in nature.
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Wever and Vernon suggest that the main function of the ear-flaps is to
exclude water from the auditory meatus, but they do not seem to be com-"
pletely water-tight; there may be some seepage between them when the head
is-submerged (Shute & Bellairs, 1955). Since the pressure of the water
would tend to close the superior flaps more tightly during diving, it is pos-
sible that they may to some extent protect the delicate tympanic membrane
from pressure; they would certainly guard it from injury against underwater
snags, The auditory sensitivity is reduced considerably when the flaps are
tightly closed, but hardly reduced at all if thcy are even slightly opened.

The conducting apparatus of the middle ear is of the usual reptilian type;
there is a single ossicle, the stapes or columella, and a cartilaginous extra-
stapes, part of which is applied to the tympanic membrane. The middle ear
cavities and Eustachian tubes are remarkably complicated, for there are
both lateral and median tubes; the membranous tympanic system eventually
communicates with the pharynax by a common opening in the midline behind the
internal nostrils (see Fig, 3B). There is also a‘connection across the mid-
line from one tympanic cavity to the other, and an extension from each cavlty
into the lower jaw through a membranous tube called the siphonium .

It would seem that a rather similar though less elaborate type of tympanic
pneumatisation occurs in many birds, and it is possible that this feature is
part of a common archosaurian herltace . Its function is obscure, though.it..
has been suggested that the branched air passages of crocodilians, with their
transverse communication, provide a method of very rapidly equallzmg the
pressures within the two middle ear cavities (Colbert, 1946: Simonetta, ~
1956) . Wever and Vernon (1957) have shown that sounds are conducted very
readily through the transverse passage so that vibrations’ stlmulatmg one ear
stimulate the other "about equally well'. The benefits, if any, of this cross-
bassage are not clear, since it would apparently make it more difficult for -
the animal to localize the source of sound impinging on both éar drums on the
basis of differences in their intensity. We know that alligators can localize -
scunds, however (Beacn, 1944), and it is possible that there is some very
sensitive mechanism’ for e‘cocum~ a minute time-lag between the stimulation _

of one ear and the other

The cochlea or lagena of crocodiles is extremely well developed by
reptllla_n standards and though not coiled like the mammalian cochlea, is
bent halfway along its length, as in’ some birds' (Baird, 1970}, Wever and
Vernon investigated the auditory capacities of caimans by recording electric
potentials set up in the ear when this is ekposed to° sounds of different
frequency. It was found that duditory sensitivity was crreatest for sounds
with a range of 100 to 3000 cycles per second and fell off rapidly for loweér
and higher tones. These figures are comparable with those obtained by
Wever and his colleagues for certain lizards, and it is not really clear
whether the Crocodilia have better powers of hearing than lizards such as
geckos, which also have a well developed cochlear apparatus .
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Evidence for the importance of sounds in daily life is much better docu-
mented for crocodilians than for other reptiles. Young Nile crocodiles crozk
as a signal for maternal help before or after hatching, -while older individuals
may hiss or growl in threat, During the breeding season: male (and at least
in some species, female) crocodilians roar; Cott suggests that this may be
a mating call rather than a threat directed towards rivals, but it is very
possible that it has some territorial mgmﬁcanch. The roar or bellow of the
American alligator has been described as 'one of the great animal voices of
the world’ (Carr, 1963). Some people have apparently been able to attract
wild erocodilians by making noises of various kinds, which may perhaps
simulate sounds made by the animals themselves, or even by potential prey..
Joy Adamson (1961, p.38) writes that crocodiles in East Africa invariably
rbspond to a certam man-made sound which can be roughly represented by

imn, imn, imn'; if there were any crocodiles: within 400 yards they would
come to the water’s edge "as though drawn by a magnet ... If we moved, and
our noises then came from a different place ... {the crocodiles} would follow
them". The Adamsons leaxrnt the trick from African.fishermen on Lake
Barmgo . In the laboratory, Beach (1944) studied the reactions of captive
male-alligators to sound and elicited roaring, hissing and.aggressive dlspiay
by blowing a French horn to them at a frequency of 57 Hz. - Qther noises such
as thunder, blasting or gunfire which perhaps resemble the roars made by
rlvals, may also provolce a:vocal response from an alligator.,. P

It therefore seems clear that crocodilians have pood hearmg, at least by
reptilian standards, and that auditory stimuli are impoztant in their social
- behaviour; such stlmull may well play a part also in predatory and defensive.

activiti es.

Other Senses

Taste buds are present in the mucous membrane covcrmb t’ac ptery,crmd
regmn of the palate (Wcttsun, 1931~ 54) - . o

plgmented elwatzons . Thuse have a rich nerve- supply, and are organs of
touch (Laidlaw & Murray, 1933); organs of this type are not uncommon in the
integument of reptiles, but seem particularly well developed in theiCrocot, -7
dilia. Perhaps they have some special significance here -- for instance the
detection of disturbances under water made by fish. .

An interesting idea, mentioned during the course of this meeting, is that:
crocodilians might posscss some system of underwater echolocation compar-
able with that of cetaceans. ' Could the .complexities of the middie ear play. -
any'part? I do not know of any evidence for anything of this kind, and Dr R.H.
Chabreck has told me that a blind alligator which he kept bumped repeatedly
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into obstacles in its tank until it learnt its way around,

Our ignorance about so many aspects of the biolegy of these impressive
and fascinating reptiles is one of the best reasons for ensuring that s,ncy do

not become extinet.

i
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Higure 1

Diagram showing action of crocodilian narial muscles, the external
nostril being shown open on the left, and almost closed on-the right.
The muscles are shown as if in horlzontal sectlon, the arrows indicate
direction of pull or thrust. : :

P

B Diagram of head of crocodilian in longitudinal section to show-nasal
cavity (lateral wall} and conchae, internal nostrils and flaps or valves
“pguarding them, (Partly based on Parsons .} C o

CM, circular muscle {closes nostril). COQ, concha, IN, internal nostril,
LA, regionof larynx. © LM, longitudinal muscle (opens nostril). N, (exter-
nel) nostril, NT, nasopharyngeal tube., OF:, oesophagus. PC, preconcha.
O, postconcha. R, recess of nasal cavity (others also present). T, tongue.
TR, trachea. 'V, Vaivular flaps’ (upper and 1o\ver) suarding airway when'

mouth is_open under water.- -

Figure 2

Visual cells from retina of American alligator, from near centre of
tapetum. - A, 'single cone. B, double cone. C, rod. (After Underwood,)

Figure §

A Diagram of external ear structures of a crocodilian, The supericr ear-
flap has been turned up to show the tympanic membrane, and its muscles
have heen dissected out; tl"ie action of the lévator muscle is not obvious

from the figure.  Axrows show movements of inferior ear-flap. (After
Shute & Bellairs.)

B Diagram of membranous Eustachian tube system in a crocodilian. The
broken lines indicate the position of the skull base, (After diagram in

Wettstein.)

DM, depressor muscle of superior ear-flap., £, extension of tympanic

cavity which leafs into quadrate and ultimately into lower jaw. IEF, inferior
ear-flap., LM, levator muscie of superior ear-flap., LT, lateral Eustachian
tube. MT, median tube, O, anterior, slit-like opecning of outer ear.

OP, common opening of membranous Eustachian tube system into pharynx,
SEF, superior ecar-flap. T, transverse communication between tympanic
cavities. TC, tympanic cavity. TM, tympanic membrane.







