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FOREWORD

The two volumes of this PROCEEDINGS are a record of the presentations and discussions that occurred
at the 10th Working Meeting of the Crocodile Specialist Group in Gainesville, Florida, US.A. 23 - 27
April 1990. The manuscripts are unreviewed and unedited. The CSG PROCEEDINGS, by definition, are
records of what occwrred at the meeting. They are not tomes filled with articles that were critiqued,
edited, revised, and polished subsequent to the meeting. Apart from preparing a table of contents, cut-
and-pasting captions to figures, compiling the articles alphabetically by author, and numbering the
pages consecutively, the papers are published just the way they were submitted, For this reason, they
appear in a variety of formats and typefaces. James Perran Ross was the managing editor.

The opinions expressed herein are those of the individual authors and are not the opinions of TUCN -
The World Conservation Union, or its Spedes Survival Commission.

TUCN - The World Conservation Union was founded in 1948, and has its headquarters in Gland,
Switzerland; it is an independent international body whose membership comprises states (irrespective
of their political and social systems), government departments, and private institutions, as well as
international organizations, It represents those who are concerned about man’s modification of the
natural énvironment through the rapidity of urban and industrial development and the excessive
exploitation of the earth’s natural resources, upon which rest the foundations of his survival. TUCN's
main purpose is to promote or support action which will ensure the perpetuation of wild nature and
natural resources on a world-wide basis, not only for their intrinsic cnltural or scieatific values but also
for the long-term economic and social welfare of mankind.

This objective can be achieved through active conservation programs for the wise use of patural
resources in areas where the flora and fauna are of particular importance and where the landscape is
especially beautiful or striking, or of historical, cultural, or scientific significance. [UCN believes that
its aims can be achieved most effectively by international effort in cooperation with other international
agencies, such as UNESCO, FAQ, and UNEP, and international organizations, such as World Wide
Fund for Nature (WWF),

The mission of TUCN’s Species Survival Commission (SSC) is to prevent the extinction of species,
subspecies, and discrete populations of fauna and flora, thereby maintaining the genetic diversity of the
living resources of the planet. To carry out its mission, the SSC relies on a network of over 2,500
volunteer professionals working through more than 90 Specialist Groups and a Jarge number of affiliate
organizations, regional representatives, and consultants, scattered through nearly every country of the
world,







A program of monitoring and recovering of Caiman's
populations in Argentina with the aim of management

Alejandro LARRIERA
Boulevard Pellegrini 3100
(3000) - Santa Fe
ARGENTINA

The north of our country is the southern limit of the
geographical distribution for two species of caimans
historically overexploited either legally or illegally. We
are talking about caiman latirostris and Caiman yacgare.

The distribution area for C.latirostris (Apendix I CITES),
involves the provinces of Misiones, Corrientes, Entre Rios,
Formosa, Chaco, Santa Fe, Santiago del Estero,Salta and
Jujuy, up to 32 south latitude. For C. yacare (Apendix II
CITES) the general area is coincident but it seems to have
a higher concentration in the area of the country not going
further the 30 south latitude. Anyway it is possible that
in many places of this Provinces where these species were
common, they have totally disappeared. :

Even though it does not exist any population study as
regards this fact, it is obvious that the numerical
retrocession of the Argentine caimans has become dramatic
in the last year, although in certain areas fairly abundant
populations of one or other species can be found as C.
latirostris in Chaco and Santa Fe or C. yacare in
Corrientes, in places that are not visited by hunters
either because they do not know the place or due to its
difficulty to arrive . :

Although fortunately, the illegal trade of both species up
to now 1is very not encouraged due to the increasing
application of CITES at world level, it is also a fact that
the captures continue in the forest, and this could get
worse with the permission of gquotas to export skins in
bordering countries, which could direct argentine preducts,
due to budgetary and structural difficulties in public
agencies to contreol either furtivism or frontiers. 1In
addition to this, we have the constant modification of
habitat, favored by the lack of massive campaigns of
information as regards importance and potentiality of the
resource,.

It is minimal the benefit that caimans brig to 1local
inhabitants because, even though their meat is edible and
tasty it is not a usual dish in their diet and as regards




their leather the retribution is minimal because there is
not a market price.

Summing up what have been already mentioned, we can say
that if this present situation goes on, it is highly
probable that the populations of caimans in Argentina
continue being exploited till its near extinguishment,
benefitting only a few, and without any preofit for wild
populations, local inhabitants or the country.

WORK PROPOSAL

The management of animal's 1life under their different
modalities, is in general the most feasible alternative to
ensure the preservation of these species. In no way it will
be feasible to keep endlessly restriction to the use of
wild fauna, while at the same time, human needs increases.
This programme proposes a management alternative for
caimans which c¢ould be defined as "Self-repopulation by
Ranching with monitoring of Population Tendency”". It
basically consists of identifying caimans populations,
evaluate them with index of relative density and apply the
Ranching System, replacing to their environment all
possible specimens at nine month of age, monitoring the
impact of this experience on the population under
discussion.

A programme like the one proposed in based on the awareness
of the actual possible availability of means and people,
and what it is even more important, the potential use that
is going to be given to the information got, in such sense
it must be considered that:

1) Due to its actual volume and the population status it is
ridiculous to think of a direct exploitation (commercial
hunting) in Argentina.

2) It is no possible to start Ranching works, deriving from
the beginning eggs to the market, because, on the one hand
we do not know the effects of this practice on our
populations and on the other hand we come from a situation
of cobvious populational depression.

3) Evidently we cannot begin a Ranching and repopulation
work that embraces the whole country.

From what we have mentioned above it arises that the
programme must define study areas that can be handled in
the provinces, considering different types of habitats and




species.

The choice on the working areas is essential for the
success of the programme angd must correspond to certain
characteristics:

~) They must not be very large.

-) They must have defined limits,

-) During flood seasons they must not be completely
covered.

-) During dry seéasons, they must have some water.

-) They must account on caiman's populations from time ago.
-) There must be a knowledge of repreduction it that area.
-) The place must allow the counting of animals.

Ten sampling places have been chosen up to now in the whole
country (two each province) with very different surfaces
and characteristics. Our purpose is to have in each
sampling unit an amount of about seven or ten nests (to
have a national total of 70 to 100). The size of each area
shall be given by the surface that must by covered to final
such amount of nests. As an example we have a sampling area
at the headwaters of Mirinay river (Corrientes) with a
surface of 5 km of length and another one at Salado river
(Santa Fe) with a surface of 45 kms.

The program shall be carried out in such different places
as the esteros del Ibera (marshy land -of Ibera) in
Corrientes, the watershed of Salado river in Santa Fe; the
cutwaters and the headwaters of Gualeguay river in Entre
Rios and the. inland lagoons, and the dry river bed of
Bermejo river in Chaco and Formosa.

GENERAL METHODOLOGY
Selonsy CRIVDVLOGY

The self-repopulation program has three well differentiated
work lines that nevertheless must harmonize perfectly well
and that can be roughly defined as:

1) Monitoring to evaluate the population tendency.

2) Nest identification and eggs harvesting in the zone of
influence of the monitoring area.

3) Final eggs hatching and controlled nurturing of the just
born up to their freeing.




1) In order to monitore the populations in the chosen
sampling areas, night counting shall be carried out with
high power lights from a small boat during three
consecutive days 1in each area and the information shall be
recorded according to the characteristics of the place as
animal per linear kilometer in (current's flow) or animals
per hectare in lagoons or marshy lands. Enviroment
temperature, water temperature, direction and speediness of
wind and ligh conditions shall also be recorded.

When possible, the size and species of the animals shall
be recorded. Two visits each year shall be carried out to
each area of the sampling, one in November (December to
other one 1in February) March. Before beginning with the
programme 1in the months of September/October we are going
to make a practise visit in order to define the cbservation
circuit,

2) When making the first visit for monitoring in each area
the nests shall be identified in what we shall call
"influence area" of monitoring. This means that they must
be within the area in question, or near enough to make an
impact on the counted population. When making the second
visit eggs shall be harvested,marking them by nest and
recording the amounts of eggs, date and exact placement of
the nest. The harvested €ggs shall be moved in plastic
bowls and shall be protected from excessive temperatures up
to their arrival to the provincial Ranching station.

3) Each province shall have a ranching station in which
eggs harvested for its hatching at 30/32 C with a humidity
of 95% shall be received. The just born animals shall be
marked by nest and shall live in climatized environment
with a temperature gradient of 25 C: to 33 C. Feeding
shall be given ad libitum three times a weeks and shall
consist of meat and bovine viscera, river fish and
conventional balanced food for carnivorous, adding
vitaminsg, mineral supplements.

When going the second vyear to the sampling area (first
visit), the feasible individuals shall be freed in the
exact point of harvest. 1In this moment the cycle begins
again.

GENERAL PURPOSE

As a conclusion a program like this must answer this three
essential questions:

1} Is the ranching helpful to recover caiman's populations?
2) It 1is possible to derive to commercial channels a
percentage of the harvested eggs?

3) If so, which 1is the percentage that allows to exploit
caimans, keeping. a rate of population recovery?

4
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Exogenous Vitamin C for Captive Propagated Alligators

Perry L. Little
Division of Agricultural Sciences
P.O. Box 2088 - SHSU
~Huntsville, TX 77341

INTRODUCTION

Vitamin C (L-ascorbic acid) is synthesized in
sufficient amounts to satlsfy the needs of most non-
primate animals, yet it is generally included in the
diets of captive alligators in rather large amounts
(McNease and Joanen, 1981; Staton, 1987). The more
primitive species of birds (Galliformes, Anseriformes,
etc.) have been shown to synthesize vitamin C in the
kidneys while some species (Passeriformes) produce the
vitamin in the liver only. Yet a few species appear to
be unable to synthesize the vitamin at all (Chaudhuri
and Chatterjee, 1969).

Most fishes appear to synthesize vitamin €, but some
cannot. Channel catfish, salmon, and trout require the -
addition of rather high levels of ascorbic acid to
prevent scoliosis and lardosis. (Halver, 1972; Lovell,
1973).

Knowledge of the vitamin C requirement in the diet of
the alligator and/or the ability of the alligator to
synthesize this vitamin is relevant since ascorbic acid
functions in collagen synthesis and may contribute to
better quality hides. Ascorbic acid has been shown to
function in the formation of procollagen and 1is
necessary for the biosynthesis of collagen and
cartilage, tissue formation and repair and calcification
of bone (Lim and Lovell, 1978). Ascorbate has been
reported to be the reducing agent, involved in the
hydroxylation of proline and lysine in the formation of
collagen and cartilage {(Wilson and Pce, 1973).

This study was undertaken to determine the need for
supplemental dietary vitamin C when alligators are fed a
diet consisting of wvarious animal by- products and
minerals.

Materials and Methods

Thirty-two alligators, hatched in August 1987, were
taken from the wild at the J. D. Murphee Wildlife Refuge
near Port Arthur, Texas on October 1, 1987. The animals
were kept together in temperature controlled pens at the
Sam Houston State University Poultry Center. They were
fed ground frozen nutria during the adjustment period.
On December 4, 1987, they were individually toe-tagged,
weighed and measured {total length and heart-girth) and




distributed randomly into two adjacent pens of equal
size; 16 animals per pen.

The 8’x16’ concrete floored, plywcocod enclosed living
gquarters were apportioned intoc equal dry and wet areas
with a water depth range of 5-10 cm in each pen. The
water temperature in each pen was maintained at about 30
degrees Celsius by circulating water through pipes from
a large gas water heater.

A basal diet formulated from all-dry processed
nutrients (Table I) mixed with water to make a stiff
dough was fed with nutria until the animals were
gradually converted to the 64 percent crude protein
formulated diet.

Table I. Composition of the basal diet.

Ingredients Percent

f

Blood meal

Dextrin

Dicalcium phosphate
Feather meal

Fish meal

Gelatin

Mineral mix (Jones & Foster)
Poultry by-product meal
Poultry oil

Sodium chloride
Vitamin pre-mix

L]

=W

(98]
RPOUMOMNMMNOOWMHO

MNMWOoOODOoOUNMOoOOOOoOOo

Total 100.90

Prehension and deglutition of this type of feed by
alligators presented a problem. A workable solution was
found by mixing the dry powder-like feed with water to a
stiff-dough and pressing it down on a tray then cutting
it into small bite-sized squares and piling it upon the
tray for feeding. Animals in each pen were fed the same
dry weight of feed. About 2 hours after feeding all the
water was drained from the pens, the area cleaned and
filled with warm fresh water.

On January 26, 1988 ten {(10) animals from each pen
were picked at random and were checked with a full-
length dorso-ventricle x-ray for evidence of skeletal
abnormality. January 28, 1988, all animals were weighed

T




and measured as before and 3 ml. of blood was drawn from
the heart for analysis. The animals were then placed on
their respective experimental diets. Animals in pen 1
received the basal diet (Table I) while those in pen 2
were fed the same basal diet plus added ascorbic acid at
1,000 mg/kg. The level of ascorbic acid added was equal
to the vitamin C present in a commerCLally prepared
vitamin premix sold to alligator farmers in the region
{(Table II).

Table II. Commerc1ally prepared vitamin premix sold to
alligator farmers in the region less vitamin C.

SPECIFICATIONS ' PER 1 LB UNITS
Vitamin A 1,800,000.000 I.U.
Vitamin D3 200,000.000 I.U.
Vitamin E 5,000.000 I.U.
Riboflavin 1,000.000 mg.
Pantothenic Acid 2,760,000 mg
Niacin 4.500 gm
Cheoline Chloride 86.433 gm
Vitamin Bq2 1.350 - ng.
Folic Acid 90.000 mg.
BRiotin 20.000 mg.
Pyridoxine Hydrochloride 1,000.000 mg.
Menadione Sodium Bisulfite 4,283.000 mg.
Thiamine Mononitrate 1,000.000 mg.
Ethoxyquin 5.000 gm.

Fed at 1.2% of the diet.

The animals were weighed and measured as before on
March 4, April 15, and June 1, 1988. The same animals
that were x-rayed and sampled for blood analysis
initially were again x-rayed and their blood samples
analyzed again at the termination of the study. At this
time, the tips of the tails from 5 animals in each
treatment were excised and frozen in liquid nitrogen for
histological comparlsons

Analysis of variance using the general linear model
procedure (Statistical Analysis Systems, 1979) was
applied to all data at the 95 percent confidence level.




Duncans Multiple Range Test was used as a means
separation procedure.
Results and Discussion

The data obtained under the conditions of this study
showed no¢ evidence that the American alligatoer
(Alligator mississippiensis) benefitted in any way by
the addition of L-ascorbic acid at 1,000 mg/kg to a 64
percent crude protein diet consisting primarily of
processed animal by-products. There was no significant
difference in wvitamin C blood plasma levels of L-
ascorbic acid supplemented alligators over controls
{(Table III). One may conclude that excess vitamin C is
readily removed by the kidneys and that alligators are
probably capable of synthesizing sufficient vitamin C to
maintain a relative hemeostatic level of the vitamin in
the blood or that this particular diet contained high
enough levels of the vitamin that it did not become
limiting to alligator growth and development. The
latter is not 1likely since losses of ascorbic acid
activity due to processing technigues of animal by
product feed ingredients 1is known to be excessive
(Hilton et al, 1977).

Table ITII. Mean plasma vitamin C levels of alligators
as affected by supplementation with vitamin C.

Treatment 1/28/88 6/1/88

----------- mg/dl---------
Control 2.1143 1.9429
Vitamin C 2.2500 2.3714

Histological examination revealed no morphologic
expressions of a vitamin C deficiency as described in
man and guinea pigs (Follis, 1958) in any of the animals
observed in this test. Examples from specimens
exhibited in Figures 1-4 show no morphologic abnormality
in the connective tissues of the vertebrae of alligators
fed diets with no added vitamin C.

The skeletal radiographs showed no evidence of
lardosis or scoliosis in any of the 20 animals x-rayed.
There were no abnormalities detected in any of the




intercellular substances such as collagen, osteoid,
dentine or vascular endothelium. There were no
differences in the skeletal structure of any of the
animals x-rayed at the beginning (Figure 5) or at the
end of the study (Figure 6).

Average weight gains, heart girth, and total lerigth of
alligators were not significantly different over the 125
day experimental period (Table IV}. Tables V, VI, and
VII show the average weights, total body length, and
heartgirth respectively, at the various dates of
measurement. There was no indication of elevated plasma
cholesterol and/or triglyceride levels of animals in
this experiment as reported by Hilton et al., (1977) in
vitamin C deficient salmon fish (Tables VIII and IX).

Table IV. Mean heartgirth, total length, and weight
increase over the 125 day experimental period.

Hg L Wt

......... m_-;—--- -——g---—
Control 8.14 23.71 1338.68
Vitamin C . 7.44 24.01 1306.96

Table V. Mean weight of alligators as affected by
supplementation with vitamin C.

Treatment 1/28/88 3/4/88 4/15/88 6/1/88

------------------- g---------—————-—--
Control 473.94 744 .88 1196.47 1812.62
Vitamin C 450.31 620.80 1075.07 1757.27

e s e s S s e e e —— am— P
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Table VI. Mean length of alligators as affected by
supplementation with vitamin C.

T — e - .

Treatment 1/28/88 3/4/88 4/15/88 6/1/88
------------------ cm----------------—--

Control 56.894 62.750 71.087 80.600

Vitamin C $6.587 60.133 69.333 80.700

Table VII. Mean heartgirth of alligators as affected by
supplementation with vitamin C.

Treatment 1/28/88 3/4/88 4/15/88 £/1/88
------------------- cm___————-----------

Control 12.9313 15.3750 17.86867 21.0733

Vitamin C 13.8000 14.4667 17.4333 20.5200

Table VIII. Mean blood plasma cholesterol of alligators
as affected by supplementation of vitamin C.

Date 1/28/88 6/1/88
----------- mg/dl---------

Control 96.630 176.250

Vitamin C 109.430 205.00¢0

i1




Table IX. Mean blood plasma triglyceride of alligators
as affected by supplementation with Vitamin C.

o —— e, s —— . T —

Treatment 1/28/88 6/1/88

---------- mg/dl----------
Control 7.625 60,750
Vitamin C 10.193 52.710

These findings appear to indicate that captive reared
alligators do not require an exogenous supply of vitamin
C at the level provided (1000 mg/kg) in this experiment,
and tend to support the hypothesis that alligators can
synthesize sufficient Vitamin C endocgencusly or that the
basal diet used in this study contained sufficient
levels to meet the needs of this vitamin by the
alligator.
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Fiq. . TX 5633, alligator fed no vitamin C.
Transverse section of a tail vertebra. The large white
space at top is the spinal canal. The spinal cord is
the dark ellipsoid structure. Below the canal is the
cartilage model destined to become the body of that
vertebra. At horizontal white arrows are growth plates
which form the ventral part of the vertebral body. The
tissue surrounding the vertebra is cross-sectioned
muscle tissue. Note that the cartilage is stained
deeply basophilic with hematoxylin.

H&E, x 25.
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Fig. 2. TX 5633. This is the area at the left white
arrow of Fig. 1 at higher resolution. The cartilage
cells are developing normally. They become ballooned
and are penetrated by vessels. At oblique arrow heads
are normal and abundant osteoblasts. At vertical arrow
head is an osteoid seam. Everything is normal.

H&E, x 180.




Fig. 3. TX 5648, alligator fed no vitamin C. The
picture shows the lower part of the cartilage model
destined to become the vertebral body. Conversion of
cartilage into bone is well under way. The degenerating
cartilage cells are pale, the cells enlarge and beccome
penetrated by blocod vessels. Bone is formed by
osteoblasts (in front of arrow heads). The osteoblasts
are abundant and normal. This is a normal picture.

H&E, x 180.
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Pig. 4. TX 9460, alligator fed no vitamin C. The
picture of the vertebral boedy shows plenty of Dbone
trabeculae. Under polarized 1light, these trabeculae
exhibit normal absorbance of birefringent light: the
collagen in bone is normal. This is a normal picture.

H&E, x 110, polarized light exposure.
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Specialized Equipment and Techniques
Used in Alligator Management and Research
BY;

Jimmie McDaniel
Game and Fresh Water Fish Commission
620 Scuth Meridian Street
Tallahassee, FL 32399.1600
AND
Lindsey Hord
Game and Fresh Water Fish Commission

3991 Southeast 27 Court
Okeechobee, FL 34972

Alligators occur in habitats that are often inaccessible and inhospitable
to man and their wariness and ability to submerge when threatened necessitates
the use of specialized equipment and techniques to capture them. The purpose
of this presentation is to familiarize the reader with some of the techniques
and equipment used by the Florida Game and Fresh Water Fish Commission
(Commission). Although many of the tools and techniques we use are also used
by crocodilian biclogists worldwide, we hope some of our modifications will be

of use to others,

AIRBQATS

Alligators inhabit most waters of the state, ranging from shallow emergent
marsh to deep open water lakes and rivers. However, much of an alligator
biclogist’s efforts are concentrated in shallow water and emergent marsh.
Outboard motors and typical boats require at least 24 inches (61 cm) of

unvegetated water to operate. Airboats, on the other hand, require virtually

no water depth and can transit dense emergent marsh that would be virtually




impassible to an outboard.

Airboats come in tﬁo basic types, either metal or fiberglass hulled with
an automotive or aircraft type engine. Hull lemgth normally varies from 11-18
feet with the extreme being 36 feet (11 m) long, twin-engine tour boats operating
in the Everglades that can tramsport 40-50 people. The purchaser of an airboat
should match the hull and engine type, hull length, horéepower, and rigging to
his needs. Prices range from $10,500 for a 12 foot fiberglass boat with a 150
hp aircraft engine and trailer to $18,500 for an 18 foot fiberglass hull with
a 300 hp aircraft engine and trailer. Metal hulls are generally more expensive.

Possible options that may increase your efficiency are: polymer bottoms
(decrease drag), tool boxes, trim tabs (boat‘handling), sprayers (decrease drag),
‘hour meter, tachometer, grass rake, bilge puap, engi;e cowling (engine cooling),
seat covers, drop axles (loading and_unloading), submersible trailer lights,
electrical outlets, dual batteries, battery switch, large capacity fuel tank
(40 gal.}, and dual seats.

SOURCES

Apache Airbosts Combee Airboats
700 N.E. 4th Street P.0. Bex 570
Okeechobee, FL 34972 Lake Hamilton, FL 33851
Ricky Lightsey James Combee
813/763-2326 813/439-5258
Hoffman Airboats Airboats Unlimited
Inverness, FL Rt. 5, Box 1115
Dick Hoffman Bainbridge, GA 31717
904/726-7677 912/246-5760
ELECTRONICS
Intercoms

We primarily use airboats to conduct night-light surveys, however, the high
noise level prevents normal conversation between the driver and passenger.

Intercoms are used to overcome this problem. Without an intercom, two skilled
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persons are needed, one to operate the boat and one to collect data. Wicth the
use of an intercom, the boat operator can also collect data and transmit it to
the passenger, who is réquired only to record the data. Two types of intercoms
are in use by Commission alligator biologists. The most common is a standard
aireraft intercom with aircraft headsets. The primary make and model is a Telex
TC 200 intercom. The TC 200 comes from the factory with a veice activated
intercom, however, we find that the engine noise continuously activates the
intercom. Therefore, our radio technicians convert the TC 200 to a push to talk
intercom by installing a PT-300 push to talk switch, which permits communication
only when the switch is engaged. To complement the intercom, we use two noise
attenuating Davey Clark H10-40 headsets. Additional passenger headsets can be
added by purchasing expansion modules from Telex. The total cost of the intercom
system is approximately $700. Less expensive components are available such as
the Sigtronics Model SP0O-20 intercom, which cost $160 versus $225 for the TC 200
and headsets such as the Telex D-950 which cost $100 each versus the H10-40 which
cost $214 each.

The second type of intercom is an FM radio intercom which is available
through electronic and radic outlets. A two radio set can be purchased for
approximately $70. However, it does not come with noise attenuating headsets
and consequently must be modified by incorporating the ear speakers into common
noise protection headsets. These systems are battery operated but can be
converted to operate from the boat’s electrical system by a radio/electronics
technician.

A wide variety of aircraft intercoms can be purchased through many aviation

electronics supply companies.




LORAN

LORAN is a navigational aid..used in the U.S. primarily for coastal
navigation. It has recently been adopted for aeranautical use and Is being used
increasingly in land navigation, The LORAN readout can be in LORAN numbers or
latitude and longitude. We use it for aerial transects and nest locations which
can be transferred to a map using latitude and longitude. We use a marine model
which costs approximately $600. Aviation models generally cost between $1,500
and $3,000. Intended purchasers should research LORAN theory and performance
before purchasing a specific make or model. Many makes and models of LORAN are
currently available through marine or aireraft electronics suppliers.
Additionally, a "Global Positioning System," (GPS), utilizing satellites is
slated to come on-line over the next few years. The GPS will likely replace

LORAN and be available anywhere within the crocodilians’ range.

Radios

Radios are used to communicate between boats and aircraft, boat-to-boat,
and boat-to-truck or other ground stations. We primarily use radios to direct
egg collections'from a helicopter. One or two airboats equipped with aircraft
compatible radios greatly facilitate egg collections. We use battery operated
portable radiocs equipped with aircraft headphones on boats that are compatible
with existing aircraft radios, which allow the aircraft pilot and observer to
talk over the aircraft radio, to other aircraft, control towers, to each other,
and to the collection boat via a single radio. The only limitation we have
encountered is that our portable radios have limited life batteries which are
not capable of extended use. Consequently, connection to the boat’s electrical

system would be very beneficial.

Additionally, one-way radios are used to relay instructions to collection




boats equipped with an inexpensive transistor radio that will receive radio
signals within the aircraft frequency band. This radio is available through
local electronics distributors for about $15. Portable aircraft frequency band
radios can be purchased through aircraft electronic suppliers for approximately

$400-$500 (Kenny Rice, Fish and Wildlife Coop Unit or Alan Woodward, Commission).

CAPTURE EQUIPMENT
Live Capture

In the course of various studies, it is necessary to capture alligators
ranging in size from hatchlings to large adult males. The following are various
techniques we use.

Snatch hooks. --Snatch hooks consist of weighted treble hooks attached to
a restraining line which are thrown over an alligator and snatched into its hide.
The alligator is subsequently pulled in and subdued. The size of the hook and
line should be matched to the size of the alligators to be captured. |
Additionally, snatch hooks can be used in conjunction with a rod and reel for
longer distance and the ability to play (tire out) a large alligator. A
limitation to using snatch hooks is that the hook may penetrate and cause a
wound. Snatch hooks can be purchased from fishing tackle outlets.

Sna;eg.--Wire snares attached to a restraining line and fastened to a pole
are used to capture alligators from a boat. This method requires approaching
the alligator stealthily and placing the snare over its snout and around its
neck. - The restraining line is then pulled, which tightens the snare, which
detaches from the pole. The alligator can take out line, be played (tired out),
pulled to the beat and subdﬁed. We primarily use locking snares, which have a

mechanism that prevents loosening the snare while tension is being applied.

Consequently, these can be used in conjunction with a float attached to the




restraining line which does not have to be held or attached to tﬁe boat. Locking
 snares can also be set at crawls and‘culvert openings.

Murphy Traps.--Murphy traps are basically locking snares used at a bait
station (ATTACHMENT 1). The advantage of set snares is that the capture team
does not have to remain at tﬁe capture site. A proper set-up will allow the
snared alligator to back off into the water and submerge to await its captors.

A wodification of the standard Murphy trap is the floating Murphy (Alan
Woodward, Commission) which can be set in water, which greatly enmhances the
trap’'s effectiveness. Snares can be purchased from Raymond Thompson, 15815
Second Place West, Lynnwood, Washington, 98036,.U.5.A., telephone (206) 743-
0783, or other trapping suppliers.

Pilstrom Tongs.--Pilstrom tongs are commonly used by harpetolog}st for
handling snakes. their rigid construction also makes them useful in capturing
allipgators up to 36 inches (91 cm) long. Pilstrom tongs comnsist of a tubular
aluminum pole with a plier-like attachment on one end and a squeeze trigger on
the other. The pliers are clamped down on the alligators neck or tail and it
can be lifted to the hand or dropped in a collection bucket. Tongs are available
thyough Pilstrom Tongs, Inc., Fort Smith, Arkansas, for approximately $40 for

a 48 inch (122 cm) long tong.

Cat o .--An animal restraint noose pole can be used to capture three-
to six-foot alligators. These poles are made with a heavy cable on poles four _
(1.2m) to 12 (3.6m) feet long (Ketch-All Company, San Diego, CA).

Harpoons.--Small harpoon darts or heads are also used to capture alligators
over eight feet (2.42m). These darts are smaller, 1.5 inches (3.75em), in length

than the heads described in the harvest harpoon, but are made in the same

fashion.




Harvest Capture

Set Hooks.--Set hooks consist of a baited fishing hook attached to a
restraining line. The restraining line can be attached to a fixed point or
float. The bait is suspended above the water at a height dictated by the
intended alligator’s size. Bait selectlon should be based on the animals normal
prey, however, we have found that aged beef or pork lung works very well. The
consistency of the lung allows it to float while aging increases the bait scent,
providing greater attraction. Additionally, a floating bait can be thrown out
to a target animal.

The restraining line is attached to the suspension device using a method
that will allow the alligator to pull the line free. We have used clothes line
pins, rubber bands, tape, and notched sticks. The restraining line length is
determined by the situation, however, enough line should be provided to allow
the alligator to submerge and lie on the bottom. Baited hooks may also be used
in conjunction with a rod and reel.

Harpoons.--Harpoons are used primarily to take alligators at night by
stealchy approach. Harpoons are especially effective when a number of specific
sized alligators need to be collected. We use a harpoon comprised of a detaching
head constructed of 3/8 inch (9.5 mm) diameter stainless steel rod approximately_
2 inches (5 cm) long, a Qriver constructed of 1/4 inch (6.4 mm) stainless steel
rod approximately 3 inches (8 cm) long, and peole constructed of 1/2 inch (1.3
cm) galvanized pipe or 2.25 inch (6 cm) diameter wood doweling approximately 10
feet (3 m) long (ATTACHMENT 2). If wood doweling is used, weight should e added
to the harpoon end to enhance harpoon penetration. The harﬁoon head is attached
to a restraining line with a short length of steel cable. The restraining lines

length should be sufficient to allow the alligator to sink to the bottom and be

strong enough to pull it to the surface and subdue it. Additionally, a float




1s usually attached to the end of the restraining line. Commonly, a gallon (&
liter) size plastic container is used. However, the line can be attached to the
bow of the boat and the boat'’s weight used to tire the alligator. No source of
commercially comstructed harpoons is available.

Bangsticks. --Bangsticks or power heads are primarily used by divers to kill
sharks or other fish by discharging a firearm cartridge upon contact. We have
found that these weapons also can be very éffective for killing alligators.
Bangsticks are available in a variety of pistol, rifle, and shotgun calibers.
We recommend either a .38/.357 magnum to .44 magnum pistol or .12 gauge shotgun
caliber. Caution must be exercised when using a bangstick: they should not be
dischargéd above the water’s surface. Although no manufacturer approved
bangstick is offered for use on alligators, they can be purchased through diving

equipment shops for $40 to $75.

DATA COLLECTION
Length Measurement

Length measurement of alligators can be accomplished by incorporating a
tape measure into a narrow grove in a board and applying fiberglass resin over
the tape. Smaller alligators can be measured using such boards with a right
angle board on the end. The alligator is then stretched out along the board by
holding its snout against the right angle board and pulling its tail out along
the tape measure. Similarly, larger alligators can be measured using a tape

measure incorporated into a longer board. We often do this in conjunction with

our weighing apparatus.




Welghing

Weighing of large alligators is accomplished by a number of ways depending
on the facilities available. A scaffold can be erected at relatively permanent
sites. The scaffold is used in conjunction with 5 chain hoist, weighing board
(ATTACHMENT 3) and combination of spring scales. Five hundred pound (227 kg)
scales are the largest we have been able to acquire. Consequently, we normally
use 1 or 2, 500 pound scales to weigh large alligators. Spring scales must be
attached by a method that allows them to pull straight. Pulling at an angle will
cause weighing error (ATTACHMENT 4). Another method consists of a 1,000 pound
(434 kg) balance scale in conjunction with a 12 foot (3.7 m) long, 2 foot (.6
m) wide board. Both of these methods require a large boat er ground site. Large
alligators can be weighed in a relatively small boat using 2 to 4 bathroom type
scales in conjunction with a weighing board. A tape measure can be incerporated
in the weighing board for measuring total and snout-vent lengths. Smaller
alligators can be efficiently weighed in a bag or sack and suspending from an
appropriate spring scale.

Spring scales can be purchased from Forestry Supply Co, 205 W. Rankin
Street, Jackson, MS 39201-6126 or Ben Meadows, Inc., P. O. Box 80549, Atlanta
(Chamblee), GA 30366 or other scientific, engineering, or forestry supply

companies,

MISCELLANEQUS
Marsh Boards

We often find ourselves having to walk in places not intended for humans
to transit. In locations with floating tussocks, dense emergent or floating

vegetation, muck soll, or other locations where the substrate will not quite

support a person’'s weight we use marsh boards which are constructed from 1 inch
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(2.54 cm) thick, 6 to 8 inch (15 to 20 em) wide, and 6 to 8 feet (1.8 to 2.4 m)
long boards. Additionally, short ropes are attached to both ends for transport
and retrieval. The boards can be placed on the intended path and will, in many
cases, support a person’s weight. We usually carry two identical boards and 1&?

one in front of the other.

CONCLUSION

Crocodilian research and management programs require specialiied.equipment
and techniques to gather data or ensure successful harvests. In Florida, we have
found that standardization of these techniques and equipment is virtually
impossible because of the wide variety of alligator habitat types. As a result,
we have modified many existing techniques and developed new ones to achieve
alligator management and research objectives. Although our equipment and
techniques may be only applicable to Florida wetlands, we hope this discussion
will stimulate your interest in crocodilian capture techniques and equipment.

' If you have questions or comments regarding any portion of ‘this

presentation, please contact any of the Commission’s bioclogists. They should

be able to answer your questions or refer you to someone who can.
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1 MPSON'S SELFLOCKING :
SHARE RAYHOND THOMPSON COMPANY

15815 . 2nd PL. WEST
LYNNWOOQD, WASH. 98038

REVISED SEPT., 1917 {264 )743-0783
|, THOMPSON DROWNER

THOMPSON'S SELF-LOCKING SNARE

per dozen

N0, 00:20" swiveled snare for small game & birds, . ., . . $6.96

No, 024" swiveled {muskrat, mink, rabbits}. . . ......$7.12 :
No, 0-XX30" swiveled (skunk, coon, ete). .. .......38 .38 A gimple yet amazingly effective device for
No. 1-8 40" swiveled {special fox snare) , , ... .. R 1 W1 saving prized pelts from wring-offs, preda.
N2.1.XX£0" long-length (beaver, lynx, ete.). ... ... $1030”7. 45 tory animals, or from possible t-ap thieves,
No. 2-540" swiveled (special beaverotter), . . ... ... $12.99 as the animal is heid helow the surface. Espe-
No.2-XX-72" long-length (beaverlynx). . . ... ven. 31330 cially effective in shallow water sets where the
No. 3-XX.72" long-length coyote & brush woif) . . . ., $15.50 vt— trap may be set In a V-thaped pocket with
No, {-XX.1§ . long-length cougar &wolf., . ., ., .. each $3 .63 Drowner wire exicnding over bank into water
No. 5.XX.0 ft. long-Jength for black bear . . . .. . each $4.22 Complete with fastening and anchoring
No.5-8.00 ft. center swiveled for black bear . . . ., . each $4.90 swivels, drowning lock, and highest grade of
No.6-XX.10 ft. forbearandgrizzly. . ... ....... each$6 .4 snare double twist steel wire.

No.§-510 ft. center swivel for big bear Lgrizely. . . each 37 46
Nol-D for muskrat, mink, raccoon . doz$13 30

(S denotes swivel - XX denotes Treelock) No. 2.D for Beaverk Otter . ... .. doz. $15.90
SPECIAL DROWNERS MADE TO ORDER

No. 58K Survival Snare Kit-for rabbits, squirrels, birds
elc. 2 snares,ties and instructions , . .. ........ each §2 5¢ PLEASE ADD 0% OF ORDER FOR
ADD 10% FOSTAGE AND HANDLING POSTAGE AND HANDLING
SNARE PARTS

Standard or Long Length Model Fig. 1 shows
1l the famous Thompson Snare Lock, Fig 2 shows
method of using Anchor or End Fastener, Solid
lines show end of Snare as it would encircle
tree, pole, or stake. Dotted line shows method
of inserting F (ferrule) and W (washer)
through round eye in “keyhole” and into lock-
ing slot. Tension of snare wire prevents any

Fie. 3 shows possible shaking loose, FIG. 2 é
shorter swiveled FIG 3 '
1 -
spare so popular TIG. "-l-

in snaring rabbits,
mink, muskrat, ra-
coon, bobecat and
Ivnx, and ESPEC-
'ALLY ADAFTED
TO BEAVER and
Otter snaring. In
these snares, from
No. 0 to No. 2/8
inclusive, anchor-
ing is by mecans of
suft wire through the swivel eye and around SNARES AND SNARING a book on
a tree. pole, or stake, In No. 5-XX and No. professional Canadian & Alaskan

6 XX snares. for big wolves and bears, a spec- 3naring methods by Raymond Thompson %
ial swivel is bullt in the middle of the 10 foot [ncludes latest methods of under-ic;a

~nare. and a 3-ft. extension snare wire wit s :

resulation fastener is added. WE MANUF'ACIf sparing of Beaver, Mink, Otter,
TURE SNARES TO TRAPPER'S OWN spEct. Muskrat and Raccoon....

FICATIONS ON SPECIAL ORDER. All our With specizl tree and pole snaring
snares, No. § ta No. 6-XX inclusive, use highest m ethods.

frade TWO-WAY TWIST (developed by Ray-

mond Thompson in 1926) STEEL WIRE. 31 $3.00

REPAIR WIRES - cut to standard length with

one ferrule clready flattened on one end. To
repair snare or drowrer remove old or dumaged
wire, assemblé parts on pew wire ond flattéa
one ferrule. Our special two-way twist wire

.- ed inal snare, comes in a
sizes from NO O through NO 3.




KETCH-ALL COMPANY

PRICE LIST OF REPLACEMENT PARTS FOR KETCH-ALL POLES

Cables complete - with Spring, Ball & Plastic Unit Price ,

Units (f.o.b. San Diego)
|

- T For 3ft. ...... et eanaeaas Standard Pole ...................... $13.63 :
BA varnninnnn Foraft ......... ~ T e ieiineaan 16.00 i'
L VU For S5ft. v.ovvvvnennnnn... ~ i, e 18.00 !
Y S For4to6ft. ............. ExtensionPole ..................... 18.00 '
- T For7to12ft. ............ » e e 26.75 '

(Above Cables are Complete and Ready to Install)

Other Replacement Parts for Ketch-All Poles

|

|

i

!

{designate if for Standard or Extension Pole)...oooovviiniiinn..., £ 8.50 F
r

- T Locking Device - with Cage, Ball Bearings, Washer & Spring
L T Tooth Guard (fits all poles) .............oooiiivuunnonn oo 2.70
P Release Knob - with Washer (designate if for Standard or '

Extension Pole) ..............cvuuu. ... e e aaa e enans 5.40
- VR Head - complete with Hair Guard, Lock Ring and Set Screw

(designate if for 7 to 12 ft. Extension Pole)..... S raeraeereenn. s 16.25
- T Hand Grip (designate if for Standard or Extension Pole .............. 2.85
= T Chuck with Lock Ring (for Extension Pole only) «oviei i, .. 11.70

— SEE REVERSE SIDE FOR PRICES ON KETCH-ALL POLES, ETC. —

REPAIR CHARGES

On Standard Poles $10.00 labor plus parts
On Extension Poles 1200 * P w

Note: With proper care, the Ketch-All pole will give long and useful service; however, with continuous
use, the cable and occasionally other parts may need replacing. It is usuaily advantageous to the
owner to purchase the necessary parts and make his own repairs, or Ketch-All Company will be
glad to make repairs for labor plus parts. '
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2537 UNIVERSITY AVENUE
SAN DIEGO, CALIFORNIA 92104
TELEPHONE (819} 297.1963

PRICE LIST (cffective date April 1, 1986)
Unit Price
Units Description (L.o.b, San Diego)
Cie ieeniaan, Jfeet ..., Standard Kctch-All Pole ..,......... $ 53.20
T T dfeet .oviiiniiiiiinn,.. " " T e 60.00
- SO Sfeet ............. Creien . " " T e 65.50
L VTP s 8t106feet ................ Extension Ketch-All Pole ............ RL.50
€A i, Tto 12feet ... 00 000, Ce. A 110.060
o F x93 ..., Ketch-All - Al Purpose Trap ........ 61.50
L7 T 6"x6"x 24" ... ..., Ketch-All - Rodent Trap ............ 37.00
<] SN Large or Medium ........, Leather Protection Gloves ........... 25.00
o -~ Prices on this Sheet firm tDEC 3 1 19 +++3 thereafter subject to Change without Notice —

10% Discount on Orders of $400.00 or more

Shipping Charges will be Prepaid and charged to Customer
California Sales subject to Sales Tax

Foreign Sales payable in U.S. Ddllars

— SEE REVERSE SIDE FOR PRICE LIST ON PARTS —

e
— —a —

Individuals may use this Form. Orders obligating Municipaliti

—Tmuast

ORDER NUMBER___ DATE

ORDER BLANK

rred-For TIX; Tt

es, States, Federal Governments, etc.

To: Ketch-All Company:

Purchaser’s Name

Address

Please furnish items as checked {at current prices)

Ship 1o

City & State

Street Address

Zip City & State

Phone (

Zip

} . (Please furnish Street Address for S

Authorized Signature _ Title

hipping)
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Airboat Specifications

HULL
To be latest cottonmouth design or equivalent,

Length: 13* 5"
Transom width: Eighty-eight inches {88").

Sides: Twenty inches (20") at mid~-ship,

Transom Height: Lowest point needs to be not less than
Eighteen inches (18").

Color: Camouflage or Dark Green
Deck: Have hinge storage area with two (2} locking frames.

Material: The hull will consist of layers of woven polyester-fiber
glass material.

Bottom: Consist of no less than four (4) layers of mat; four {(4)

stringers thirty-seven inches (37") outside using five-inch (5") quarter
by four-inch (4") fur. '

Sides: Consist of three (3) layers of polyester-fiberglass at the
sides; no less than four (4) layers in the chines. ’

WHMW Polymer: Shall be fastened to the bottom of the hull with polymer
fasteners. The polymer shall extend from transom forward twelve feet
{12') and a two-foot (2') piece attached to that sheet forward.

Remanufactured 0540 Lycoming, no less than 260 horse power to include
all accessories, aircraft starter, bendix, magneto, carburetor, fly
wheel and flame arrestor,

EXHADST
Stainless steel exhaust headers with stainless steel exhaust flex to
exit above transom.

ALTERNATOR
Delco; not less than 60 amps with internal exciter.

Seventy-four inches (74"} installed to be no less than one inch (1*)
below top of transom.
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6.0
7.0
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8.1

9.0

3.1

10.90

10.1
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11.1
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13.0
13.1
14.0

14.1

ELECTRIC FUEL PUMP
FUEL TANK

To be mounted under engine; not legs than 30-gallon capacity; internal
fuel guage; coast guard approved.

RIGGING

All metal work primed with epoxy primer and finished coat shall be
polyurethane paint {light green).

ENGINE STAND

Motor mounts shall be mounted at Eive'points using one inch (1") and
three-quacter (3/4) square tubing not less than sixteen {16) guage
material.

SEATING
Two seats in line - rear operator bottom seat to be twelve inches (12")
above magneto, passenger seat to be forward eight inches (8") lower,

seating to be erected on tress design from engine stand to deck bulkhead
{no legs or bracing from seating truss to floor from engine).

SEATING STAND MATERIAL

Shall be one-half inch (1/2") and three quarter (3/4)-EMT galvanized
tubing.

CONTROL PANEL

Shall be mounted on right side of seat.

Control panel instruments shall include bendix aircraft stacting switch;
toggle switch for bilge pump, toggle switch for navigation lights;
toggle switch for electric fuel pump; two-way toggle switch for electric
trim tab; toggle switch for internal hull light. '

Control panel guageé shall include tackometer with hour meter,
mechanical oil pressure, mechanical oil temperature volt meter.

NAVIGATION LIGHTS

Coast guard approved lights installed.

ENGINE SHUT-OFF CABLE

Cable mounted at control panel shall go to the carburetor to rich-lean
shut-off valve at carburetor.
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ELECTRIC BILGE PUMP
No less than 1,800 ph~—outlet through side of boat.

ELECTRIC TRIM TAB

Installed on rear bdransom in the center of the hull,

LIGET

Mounted under operatd: floor..

ACCELERATOR PEDDLE

Shall be mounted for operator's right foot using marine cable and
trottle linkage.

PROP GUARD

To be constructed of 3/4 and 1/2 EMT galvanized conduit. Rear gquard to
have 3/4-inch (3/4") hopps. All J-bars shall be one-half inch{l/2"),
not more than fourteen inches (14") apart on rear of hopps. J-bars
extend forward to front of engine frame of prop guard is covered with
two inch (2") x four inch (4") welded wire and welded in place.

RODDERS

Shall be two feet (2') by four feet (4') airfoil design of welding
aluminum £ill with urethane foam for support. Rudders shall have
adjustable trim taps; rudders shall pivot on nylon control.

STEERING

Control arm shall be at operator's hand (using latest designs); cable
glving full rudder control.

STORAGE COMPARTMENT

‘Two (2) storage compartments located under the two ({2) seats.

SBATS

Shall be of fiberglass construction with vinyl upholster, including
external rain covers. '




EFOR YOUR INFORMATION

Any mention of brand names or suppliers of equipment described in the
attached informational package does not represent endorsemant by the Florida Came
and Fresh Water Fish Commission. Any such names or suppliers are prasented

merely to identify the types of equipment that Commission biologiata have found

suitablae for their work,







THE STATUS OF CROCODYLUS POROSUS IN THE SOLOMON ISLANDS

H., Messel
University of Sydaey
Sydney 2006 Australia

and

F. Wayne King
Florida Muscum of Natural History
Gainesville, Florida 32611, USA

INTRODUCTION, Until 1989, no systematic survey of the saltwater crocodile populations in the
Solomon Islands had been undertaken and very little was known about the status of the species in those
islands. During 1988, Melvin Bolton was given a consultancy by FAO with terms of reference which
included:

"L review the current situation with regard to crocodile utilization in the Solomon Islands.

2. advise on methodology for conducting surveys of crocodile habitats and monitoring
crocodile populations.

3. review legislative aspects of crocodile utilization.,

4. advise on implications and requirements under the CITES.

5. advise on feasibility of crocodile farming, including amongst others, economical /social
viability, potential sites, funding implications and ecological sustainability of crocodile
resources.”

Bolton reported to FAQ in Field Document No. 1, TCP/SOI/6753, May 1988; "A Feasibility

Study of Crocodile Farming, Solomon Islands* Though he was only able to visit a few areas in the
islands and make selected spotlight surveys on four waterways, he was able to correctly conclude:

"These selected surveys, taken together with local reports, export figures and the fact that skin-

hunting is now being conducted in the most remote provinces all indicate very low numbers of

crocodiles, Evidently, however, they are still very widely distributed.”

Among his recommendations were:

"Impose a temporary export ban for 3 years.

"Locate suitable areas and encourage the idea of crocodile sanctuaries in support of the
ranching scheme {¢.g, Lauvi lagoon).

"Carry out regular spotlight counts to monitor trends in crocodile numbers.

Establish a small but efficient ‘farm’ at Mamara specifically designed to utilize the offal now
being produced.”




In July 1989, the senior author was given a ‘no fee’ consultancy by the CITES Secretariat, with
the title "Sustainable utilization of the saltwater crocodile Crocodylus porosus in the Solomon Islands."
The objectives were:

*To assist the Government of the Solomon Islands in establishing the comprehensive
management plan for the species through:

*i) a field survey of the distribution and status of the saltwater crocodile in the Solomon
Islands, and

“ii) an assessment of the effects of the current exploitation on the wild population.

"To prepare, if appropriate, a proposal to transfer the population of the Solomon Islands from
Appendix I to Appendix II on behalf of the CITES Parties.”

The field survey was made during the period 26 July--8 September 1989 -- see sailing times in
Appendix I. It was a complex and unusnally difficult operation. The junior author paid his own fare to
Australia and assisted the senior author with the survey, at no fee.

The present paper presents the results, conclusions and recommendations resulting from the

survey.

METHODS. The survey methods for repeatable night spotlight censusing of crocodile populations are
given in detail in Monograph 1 of "Surveys of Tidal River Systems in the Northern Territory of
Australia and Their Crocodile Populations,” This publication is one of 20 monographs on crocodile
surveys by Messel and co-workers and published by Pergamon Press. Since the Solomon Islands
crocodile survey was only concerned with number, size class, and distribution of crocodiles, it was not
essential to measure and record a number of parameters usually recorded in a survey. State of the tide,
amount of bank exposed, water salinity and temperature were monitored. Salinity measurements
indicate whether the aquatic habitat is a freshwater system or otherwise. This matter is of importance
as it generally determines the suitability of the particniar waterway as a potential breeding area -- see
Monograph 1, page 100.

Normally, with a team of three, surveys are made at a speed of 20 to 30 km per hour and cover
from 40 to 100 km per night before the tide rises and the amount of exposed bank decreases to less
than 60 cm making it barder to see the crocodiles. This definitely is not the case in the Solomon
Islands. The number of waterways which are both worthwhile surveying and are surveyable are few
and usually scattered widely. They most often arc very short because of hills or mountains inland. Just
getting to important crocodile habitats often takes more than 24 kours, and a day or two finding and
negotiating with the traditional landowners of the area, but then only 15 minutes are required to survey
it, perhaps 2.5 km in all.

On a number of occasions a dugout canoce or a 3m aluminum dinghy with two paddlers was
used to survey small lagoons. Even with a 6m canoe and a 9.9 horsepower outboard motor, surveying
speeds were painfully slow. Lagoons with dangerous coral reefs and narrow streams with numerous
submerged obstacles precluded surveying at high speeds. Survey speeds on even relatively clear
watcrways were often very slow when the canoe carried 3 to 9 people in addition to the 3-man survey
team; 2 survey learners, village chiefs, traditional landowners, and hunters, ail insisting on being
present.

RESULTS. These are presented and discussed separately for each of the general areas surveyed.,

1. Temotu Province (Santa Cruz Islands).

During the nights of 29-31 July 1989, the following waterways were surveyed (for zero starting
points see Santa Cruz Islands, Nendo Island, 1:50,000 scale map, sheet 10/165/16);




Longitude Latitude

Luemoanda Bay and River 159°59.6E 10°46.3'S
Matimi Lagoon and Lake 166°02.7E 10°47.6'S
Mblamoli Lagoon 166%06.6’E 10°43.6'S
Tepiai Lagoon 166°03.2°E 10°46.4’S
Reef (Akamboi) Island 166°07.8E 10°42.7S

Midstream distances surveyed and the numbers of crocodiles sighted were:

km number sighted

Luemoanda River 28 2

Luemoanda Bay 22 0
Creek ‘A’ at km 5.5 on

Luemoanda River 05 ]
Creek ‘B’ at km 32 on

Luemoanda River 05 0
Creek ‘C’ at km 29 on

Lucmoanda River 0.5 ]
Creek ‘D’ at km 1.8 on

Leemoanda River 0.5
7.0

Matimi Lagoon 26 2

Matimi Lake perimeter 20 4

4.6 6

Mblamoli Lagoon 4.3 0

Tepiai Lagoon 42 2

Reef Island Lagoon 12 0

102 2

Total 218 10

Shoreline distances surveyed were much greater. Though the surveyable distances appear
small, it esscntially represents all of the surveyable available habitat in the systems. Only Matimi Lake,
which is freshwater, and Luemoanda River and the creeks in Luemoanda Bay, which have a large
freshwater flow, contain good crocodile breeding habitat.

The size classes of the 10 animals sighted were: 1(H), 1(2-3"), 1(3-4), 1{5-6"), 1(7-8"),
4EO<¢6’), 1(EQ), where H stands for ‘hatchlings’ and EO stands for ‘eyes only” EO are those
animals for which a size estimate could not be obtained.

A slide of a (7-8") crocodile was sighted on the northern beach of Luemoanda Bay. Morris
Leuba, near Matimi Lake, had 5 hatchlings and 2(2-3’) animals in a pen. In addition, we sighted and
measured 11 freshly salted crocodile skins from animals ranging in size from 2’ to 7 in length, Matimi
Lake was shot out just prior to our survey, even though the skins were less than the minimum size and
apparently illegal under present Solomon Islands law.

The above results speak for themselves. It appears that we viewed a remnant population on
the verge of extinction. Local people reported that creeks entering Graciosa Bay and streams on the
north coast of Nendo Island once supported substantial crocodile populations, but these were shot out.
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Both Utupua and Vanikolo Islands of the Santa Cruz group in Temotit Province are also
known to contain some crocodiles (hunters have recently shipped hides from there); however, habitat
there is less extensive than on Nendo Island. We were unable to obtain transportation to and from
these islands within a reasonable time frame and thus could not survey them.

2. Makira (San Cristobal) Province.

During the nights of 7-9 August 1989, the following waterways were surveyed (for zero starting
points sec San Cristobal 1:50,000 scale maps, sheets 10/161/7, 10/161/11, and 10/162/13):

Longitude Latitude
Nasuraghena Passage Lagoon 161°14.9°E 10°47.5'S
Marau Island Lagoon 162"10.8'E 10°48.9°S
Marou Bay area 161°30.2E 10°28.1°S

Midstream distances surveyed and the numbers of crocodiles sighted were:

km number sighted
Nasuraghena Passage Lagoon 32 2
Marau Island Lagoon 53 0
Marou Bay areca 146 2
Total 231 4

The 23.1 km surveyed represents the best remaining crocodile habitat on Makira Island and,
according to local hunters, crocodiles are rarely seen elsewhere., Generally speaking, Makira Island
contains only marginal habitat for crocodiles. Sailing time to and from the widespread areas surveyed
was 27 hr 30 min,

The size classes of the 4 animals sighted were: 1(4-5%, 1(5-6), 1(7-8"), and 1(8-9"). One (3-4)
crocodile was being captively reared on Malaupaina Island of the Three Sisters Group of islands, We
anchored at Malaupaina and examined two freshwater swamp nesting areas on the northern end of the
island. The swamps were mostly dry and no old nests were sighted.

No suitable anchorages exist on Malaulalo or Ali’ite Islands, the two other island in the Three
Sisters group. None of the traditional landowners or elders of these islands were present (they were
away on Ulawa Island, some 50 km distant) when we visited Malaupaina Island and we were informed
that Ali'ite Island had been closed by police for investigation. Habitat on all three of these islands is
very marginal for crocodiles. Stories about large populations of crocodiles on Ali‘ite Island must
remain just that, hearsay, until confirmed.

3. Malaita Province.

During the nights of 11-14 August 1989, the following waterways were surveyed (for zero
starting points sec Malaita 1:50,000 scale maps, sheets 9/161/5, 9/161/6, and 9/161/10):

Longitude Latitude
Taha River area 161°23.5E 2748
Mara Masike Passage 161°23.5E 9°27.4'S
Lake Korea 161°28.3°E 9°39.1°S
Si'ua River 161°3.4'E *17.9°S

Midstream distances and the numbers of crocodiles sighted were:
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Mara Masike Passage 17.5 0
Taha River, km 0 to 2.4 24 0
Taramata Creek at km 1.9 on

the Taha River, km 1.9

to 5.0 31 H
Creck behind Marihote Island,

km 0.7 to 1.4 0.7 0
Huro River, km 1.5 to 35 20 1
Maariki Maero Channel, km

28t0 59 31 0
Su'u Horihori Creek, km 4.9

on Maariki Maero Channel

to km 6.7 where it

connects with the Huro

River 1.8 0
Lake Korea perimeter 24 5
Si'ua River 77 1

Total 40,7 7

Taha River, Taramata Creck, Lake Korea, and the Si'ua River provide excellent crocodile
habitat. We surveyed most of the best crocodile habitat known to people on Malaita and where
reportedly there used to be large crocodile populations. The odd crocodile is sighted sporadically in
the marginal habitat which dominates the waterways of Malaita. Sailing times to these are usually long
and as we found, not fruitful. Kwaimbaita River on the eastern side of Malaita was ‘reported’ to have
crocodiles in good numbers. Ndai Island was another such area, We were unable to visit them.,

The size classes of the 7 animals sighted were: 2(2-3"), 1(6-7"), 1(7-8"), 2(EO>6’), and 1(EQ).
Only in Lake Korea did we sight a small range of size classes. It appears that on the island of Malaita
we were viewing a very small remnant population, rapidly approaching extinction.

At the Taha River, hunters presented skins of 3 large crocodiles for sale. Skins also have been
sent in recent months from the Si'ua River area. At Eliote village, off the Mara Masike Channel, we
viewed 11(4-5') crocodiles in captivity. They were in excellent condition. The villagers told us that in
1986, they captured, killed, and ate the mother, The eggs in her nest were taken and hatched and the
11 healthy animals came from these. The villagers stated they only hunt crocodiles in the February-
March nesting period. They wait until the nest is built; then surround the mother and nest with a stake
fence. The mother is then killed and eaten. The eggs are taken for hatching, In February 1989, three
females were killed in this fashion. None of their eggs hatched. A more effective method of destroying
the crocodile resource is difficult to imagine.

4. Isabel Province.

During the nights of 16-20 August 1989, the following waterways were surveyed (for starting
zero points see Santa Isabel 1:50,000 maps, sheets 8/159/7 and 7/158/10):

Longitude Latitude
Baravaie Passage and Ortega
Channel area 159°33.8°E FR58
Havi Bay area 158°204E T33.4'S
Venao Bay arca . 158°27.1TE 3198
Ghahirahobo Island 158°233°E 7°38.0°'S
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Distances surveyed and numbers of crocodiles sighted were:

km number sighted

Baravale Passage and Ortega

Channel 9.0 0
Loghai River at km 3.9 on

Ortega Channel 23 0
Nagihe Creck at km 6.4 on

San Jorge Island side of

Ortega Channel L1 1
Tukmasiu River at km 2.4

on Baravaie Passage 1.7 1
Toutoru River at km 2.5 on

Tukmasiu River 0.6 0
Kokoibutu River at km 3.1

on Toutoru River 13 0
Ravihi Creck at km 3.1 on

Toutoru River 10 ]
Kakaburu Creck at km 1.7

on Baravale Passage 12 0
Havi Bay and its creek of

0.5 km at km 4.5 57 1
Sukupeda Creek at km 2.7

on Havi Bay 18 0
Malasu Creek at km 4.0

on Havi Bay 0.9 0
Ghahirahobo Island Lagoon

perimeter 2.0 15
Venao Bay 4.1 2
Ogasa Bay at km 0.2 on

Venao Bay L6 1
Hulaghi Bay at km 1.3 on

Venao Bay 0.9 0
Creek ‘A’ atkm 2.5 on

Venao Bay 11 0

Total 363 21

Santa Isabel Island, like Malaita, contains mostly marginal crocodile habitat, aithough a
number of the rivers above have good to excellent habitat. Practically all of the creeks and rivers have
a large inflow of freshwater.

The size classes of the 21 crocodiles sighted were: 7(H), 3(2-3), 1(3-4"), 1(5-6"), 4(EQ <6),
4EO>6"), and 1{EQ). The 15 crocodiles sighted in Ghahirahobo Lageon constitute a smail but
important population, probably resulting from a single pair of breeding adult crocodiles. We sighted
the belly slide of a (9-10°) crocodile between the lagoon and the sea.

The remainder of the resuits indicate a widely scattered remnant number of crocodiles.

At Kia village, we viewed 3 hatchlings captured in Ghahirahobo Lagoon and 1(3-4") and 1(4-
5) animals captured in the Allardyce Bay area.

5. Western Province.

A, Choiseul. We surveyed two sample areas in Choiseul, chosen by a knowledgeabie huater,
during the nights of 23-24 August 1989 (for zero starting points see Choiseul 1:50,000 scale maps,
sheets 7/157/1 and 7/157/6):




Longitude Latitude

Oaka Harbour area 15T18.6’'E 213’8
Ndoroko River and
Lelenggavana Inlet area 15796 E 7198'S

Distances surveyed and numbers of crocodiles sighted were:

km number sighted

Qaka Harbour 32 2
Vendele Creek 1.5 0
Kasu River 0.5 0
Oaka River 35 0
Lelenggavana Inlet 30 0
Ndoroko River 2.7 0

Total 144 2

The amount of remaining suitable, available crocodile habitat on Choiseul appears to be very
limited and ¢ven that is disappearing quickly as more and more gardens are planted along the
waterways. There are a few brackish lagoons inland from the sea which have difficult access and are
reported to contain a few remaining crocodiles. We visited one of these during the day but were
unable to survey it at night. A 2m dugout canoe would have to be dragged in to survey it. This would
not be a safe operation, especially if a large crocodile did inhabit the lagoon,

It is apparent that the saltwater crocodile is on the verge of disappearing from Choiseul and
that we viewed two of the remnant ones. Both of these (8-9°) animals were sighted during the day. We
also viewed 3(3-4°) crocodiles in captivity at Keala, taken from the lagoon on the unnamed island
across from Arariki on Vaghena Island.

B. Vella Lavella. We surveyed one area on Vella Lavella, requested by the Minister of Natural
Resources. Ngokosoli Creek, draining the thermal area on Vella Lavella into Paraso Bay, the Bay and
the village freshwater lagoon were surveyed on the night of 25 August 1989 (for zero starting points see
Vella Lavella 1:50,000 scale maps, sheet 7/156/11):

Longitude Latitude
Ngokosoli Creck area 156°39.2’E 737.8°S
Distance surveyed and numbers of crocodiles sighted were:
km number sighted
Ngokosoli Creck 1.0 0
Paraso Bay 14 0
Village Lagoon 03 0
Total 27 0

Villagers living on the lagoon near the mouth of Ngokosoli Creek reported sighting a large
crocodile in the village lagoon, a belly slide leading from Ngokosoli Creek, and the taking of a dog and
chickens by the crocodile. They also reported the killing of a female crocodile and its young some 4
years ago. We viewed what may have been an old belly slide but could not confirm it.

The water temperature of freshwater Ngokosoli Creek was a high 33.5°C and a high sulfur
smell prevailed. The stream can only be negotiated by survey canoe for one km upstream because of
rapid shoaling and even this can only be donc with safety at high water, The stream is heavily fringed
with coconut and sago palins and the area is under intensive cultivation. The village lagoon, also




intensely fringed with palms, was surveyed at night using a small dugout canoe. No crocodiles were
sighted by us and we can only conclude that the village lagooa is visited occasionally by the odd
remnant crocodile in the area.

We were told that other areas on Vella Lavella were reported to have even fewer crocodile
than the Paraso Bay area.

C. Rendova. The two small inland freshwater lakes and the two lagoons on Renard Cove,
Mbusana Bay, were surveyed on the night of 27 August 1989 (for zero starting points see Rendova
1:50,000 scale maps, sheet 8/157/10):

Longitude Latitude
Renard Cove 15721.7E 8BTS

This area had been visited by Belden Pitu in 1986 when he took some 20 crocodiles from the
lakes. He declared that he saw ‘numerous’ crocodiles large and small, especially in the larger of the
two lakes. We were told by locals that no onc had been hunting in the area since his visit in 1986, They
were wrong; someonc had cleared the large lake of crocodiles, sometime before our arrival.

Distances surveyed and aumbers of crocodile sighted were:

km number sighted
First lagoon 0.9 0
Second lagoon 13 1
Large lake 0.5 1
Small lake 03 9
Total 30 11

The size classes of the 11 crocodiles sighted were: 6(H), 2(2-3"), 1(5-6"), I(EQ>6"), and

1(EO).

Unfortunately, there are few freshwater lakes, such as the above, and many of these have been
cleared of crocodiles. Note that survey of such lakes is a difficult matter. Access to them is ofter
throngh rough, swampy, and dense terrain and either a small dugout canoe or aluminum dinghy must
be carried in and out.

Rendova Island, like most of the Solomon Islands, contains only marginal habitat for
crocodiles. Streams appearing on the map are usually short and unnavigable. Lake Rana on the
southeast peninsuia of Rendova is reported to have had crocodiles. No suitable anchorages exist in the
area and access to the lake is unusnally difficult. We are unable to say whether or not hunters have
cleared the crocodiles from this area.

D. Tetepare. Because of reported crocodiles in the small lake at Tavara on Waugh Bay, the
lake and bay were surveyed on the night of 28 August 1989 (for zero starting point see Rendova
1:50,000 scale maps, sheet 8/157/10).

Longitude Latitude
Tavara Lake 1SP2TE 8°41.8'S

Distances surveyed and numbers of crocodiles sighted were:

km aumber sighted
Tavara Lake 10 0
Waugh Bay 13 0
Total 23 0




Tavara Lake has good habitat for crocodiles, though the presence of numerous workers on the
surrounding coconut plantation could account for the zero count. This is an excellent lake for
consideration for restocking with crocodiles.

E. Other Areas Sailed To, But Found Not Worth Surveying. We were given the names of
crocodile hunters in the New Georgia Group of islands who we contacted for suggested areas to be
surveyed. This yielded no new areas worth surveying, but did allow us to view four groups of captive
crocodiles which the owners, in desperation, hoped would provide the nucleus for four crocodile farms.
The places and individuals visited were:

Hombupeka -- K. Yahata is a hide and shell dealer who buys crocodile skins brought to him
from Western Province areas and specially from around the New Georgia Group of islands. We
sighted his 10 captive animals, 7(2-3"), 1(3-4"), and 2(4-5"). He is hoping to use these as a tourist
aftraction,

Nusa Hope - Sac Oka is an elderly and knowledgeable former crocodile hunter who, six years
ago, recognized that the crocodile resource was disappearing rapidly in the Solomon Islands. He
obtained eggs from the wild and reared in captivity 2(6-7") and 1(7-8") crocodiles. which were in
excellent condition. He also obtained from the wild, in 1988, 11(H), and 7(3-4’) animals. He stated
that crocodiles were now sighted only sporadically and usually killed by individuals sighting them. He
stated that surveying would prove unrewarding,

Mbareho -- Ronald Davis, a crocodile hunter in this area, had two captive crocodiles, 1(5-6'),
and 1(7-8’), both in excellent condition. His area had been shot out and since there no longer were any
crocodiles to huat, he gave us a 12 gauge shotgun to return to Belden Pitu. .

Peava, Nggatokae Island -- Geffry Nate showed us the 15 crocodiles he and his father were
raising for a crocodile farming operation. Dr. Colin McQueen of the Veterinary Division in Honiara
originally encouraged them in this undertaking. All 15 animals were in good condition and a new
enclosure was being erccted for them. The 13(4-5°), 1(5-6), and 1 (6-7) animals had all been obtained
from the Russell Islands. Geffry stated that crocodiles were now rarely sighted in the area of
Nggatokae Island and that it was most unlikely that any would be sighted during a survey. He said he
wished he could tell us otherwise. This was why they had to obtain their crocodiles from the Russeil
Islands, which they did in 1987,

Apparently, only a widely scattered remnant number of crocodiles remain in the Western
Province.

6. Central Province.

A. Russell Islands. We surveyed the one area in the Russell Islands, where it was believed that
a small remnant population of crocodiles still existed, even though the area had been heavily bunted
during 1988 and 10 crocodiles shot there.

Lake Tatac, Momoluon Island, was surveyed on the night of 1 September 1989 (for zero
starting point see Russell Islands 1:50,000 scale maps, sheet 9/159/1):

Longitude Latitude
Lake Tatae 159°05.5E 9°08.5°8

This lake proved to contain the second best population of crocodiles that we encountered in
our survey of the Solom.on Islands. The 27 crocodiles sighted along the 1.5 km perimeter of the lake
were in the following size classes: 18(H), 1(6-7), 1(7-8"), 1(EO <6"), 4(EO>6"), and 2(EO).

Hunting of crocodiles on the lake during 1988 could account for the absence of the (2-6’) size
classes,

B. Florida Islands. Areas worth surveying for crocodiles are few on the Florida Islands.
According to Peter Beata, an old time crocodile hunter on the Islands, the best remaining arca was
Utuha Passage with a number of small creeks running into it. Our daytime survey of the area revealed
that the main creck draining the Passage had a village on it. There were gardens along the creck,

47




upstream of the mangrove section. We were pleasantly surprised when we surveyed the area on the
night of 3 September 1989 (for zero starting points see Florida Islands 1:50,000 scale maps, sheet
9/160/2):

Longitude Latitude
Utuba Passage area 160"18.4'E F04'S

Midstream distances surveyed and numbers of crocodile sighted were:

km number sighted
Utuha Passage 99 1
Tambahi Creck at km 0.0
on Utuha Passage _ 0.5 0
Kirighi Creek at km 9.8
on Utnha Passage 1.0 2

Total 114

The size classes of the 3 animals sighted were: 2(7-8") and 1(8-9").

It is interesting to note that we spotted more crocodiles in Central Province than in any other,
except for Guadalcanal.
7. Guadaicanal Province,

During the nights of 4, 6, and 7 September 1989, we surveyed three areas (for zero starting
points se¢ Guadalcanal 1:50,000 maps, sheets 9/160/11, 9/160/14, and 9/160/16):

Longitude Latitude
Likoro Lagoon 160°36'E 9°34.1°S
Lauvi Lagoon 160°23.9E 9°53.1’S

Makina-Warekau area 160°48 3'E 9°49.8°S

Distances surveyed and numbers of crocodiles sighted were:

km number sighted
Likoro Lagoon perimeter 0.5 0
Lauvi Lagoon perimeter 9.3 R”
Makina-Warekau area 55 0
Total 158 92

The number and size classes of the crocodiles sighted in Lauvi Lagoon were 9(H), 31(2-3),
10(3-4’), 1(4-5), 1(>T), 26(EQ <6"), HEO>6"), and 10(EQ). The 43 percent of the animals that could
not be approached to allow an accurate size estimation resuited, first, from their being very wary, which
could be accounted for by their continued hunting, and, second, because there were floating mats of
grass along the lagoon shore which could not be penetrated by a small dinghy and kept us away from
the animals. Lauvi Lagoon turned out to be the last major stronghold of the saltwater crocodile in the
Solomon Islands.

The two other areas surveyed on Guadalcanal produced results similar to those found on most
of the other Solomon Islands -- no animals found or only scattered remnants of a former population
found,

We sighted captive animals on Guadalcanal at three places. Charles Rickson has 1(7-8")
crocodile at Kopiu village; Betikama High School near Honiara has 1(9-10°) crocodile; and Belden Pitu
has 54 crocodiles in the following size classes: 14(2-3%), 21(3-4"), 6(4-5"),

11(5-6"), and 2(6-7").




DISCUSSION,

A. Habitat. Generally speaking, the habitat for crocodiles in the Solomon Islands is at best,
marginal. There are no extensive wetlands and few long meandering rivers, the preferred home of the
saltwater crocodile, as there are in Papua New Guinea and Australia. Most island rivers and creeks
rise in the steep hills and mountains immediately behind a narrow coastal fringe of vegetation and as a
consequence are unusually short. Because of heavy rainfall, the input of freshwater is high and the
rivers, creeks, and springs are normally fresh down to within a few hundred meters of their mouths.
Some of these provide good habitat for crocodiles and the alluvial soils are excellent areas for village
gardens. Farmers treat the crocodiles as vermin and quickly clear them from the area, With an annual
human population growth of over 3 percent, pressure for use of fertile soils is great. The crocodile has
little or no chance for survival in such areas.

The coasts of most of the islands in the Solomon Island chain are fringed by coral reefs, and
many shallow, mangrove-fringed bays contain numerous patch reefs as well. For crocodiles, this is
formidable terrain and is used when they are excluded from more favorable areas or when travelling
from one area to another.

Though the Solomon Islands lacks extensive freshwater swamps, it does have a small number
of freshwater or brackish lakes, often shown on maps as lagoons. These are found on small islands,
some 50 to 100 m from the seashore, or up to 2 km inland on the larger islands, Access to these lakes
can be very difficult. They are often drained to the sea by very small creeks. These lakes appear to
now provide the last haven of refuge and breeding areas for the remaining crocodiles in the Solomon
Islands. Unfortunately, there are only a few of these lakes scattered throughout the island chain that
are remote enough not to be negatively impacted by nearby villages. Hunters are also well aware of
the lakes, as are hopeful ‘crocodile farmers’ who obtain their crocodile stock from the lakes. Most
bave been cleared of crocodiles or are severely depleted.

B. Status, It is apparent that there remains only one small real population of saltwater
crocodiles in the Solomon Islands; Lauvi Lagoon on Guadalcanal. The next two largest populations are
in Lake Tatae in the Russell Islands and in Ghahirahobo Lagoon on Santa Isabel,

In separate columns in the Table below we show the numbers and size classes of crocodiles
sighted in Lauvi Lagoon, in Lake Tatae, in Ghahirahobo Lagoon, and those found in all other localities,
and the totals. Those sighted in other localities consisted of a number of stragglers -- the widely
scattered surviving remnant of a once healthy population, Sadly, the crocodile resource of the Solomon
Islands essentially bas been destroyed.

Number of Crocodiles
Lauvi Ghahirahobo Tatae Other Locales Total

Hatchlings 9 7 18 7 41

2-3 3 3 5 39
{0.6-0.9 m)

34 10 1 1 12
(0.9-12 m)_

4-5 1 1 2
{1.2-1.5 m)

5-6 4 4
(1.5-1.8 m)

6-T 1 1 2
(1.8-2.1 m)




>7 1 1 9 11
- (>21m)

EO<¢ 26 2 1 8 37
(<18 m)
EO>6 4 1 4 4 13
(>1.83m)
EOQ 10 1 2 3 16
Total 92 15 27 43 177

Another way of viewing this is shown in the Table below where we have divided the waterways
surveyed into enclosed lagoons (virtually freshwater lakes), saltwater lagoons with openings to the sea,
rivers and creeks (mostly freshwater), and saltwater bays and channels, The number of these surveyed,
distances surveyed, and numbers of crocodiles sighted in them is shown also.

Number Distance (km) " Crocs sighted
surveyed
Enclosed lagoons 10 203 153
Saltwater lagoons 8 235 7
Rivers and creeks 30 4717 8
Bays and channels 20 815 9
Total 68 1730 177 @

Over 86%, 153 out of 177, of the crocodiles were sighted in the freshwater lagoons and from
the previous Tabie it is evident that almost all (134} of these were sighted in three lagoons only. Of the
177 crocodiles sighted, 41 were hatchlings, denoted by the subscript figure in the Table above, and
every one of these hatchlings were sighted in the enciosed freshwater lagoons, Not one was sighted in
the 30 rivers and creeks surveyed, many of which had excellent breeding habitat. These waterways had
been essentially cicared of breeding stock and only stragglers remained.

It is perhaps surprising that 7 animals were sighted in the saltwater lagoons and 9 in the bays
and channels, These areas are normally used by immature crocodiles that the large breeding animals
exclude, will not tolerate in the breeding areas, or they are animals moving from one area to another.
The number we found in these areas is probably indicative of the hunting pressure in the breeding
arcas in freshwater lagoons and rivers and crecks. Note also the few animals sighted in the (4-7")
classes. Though Messel has pointed out repeatedly that there is a severe biological ‘bottleneck’ for
animals in these size classes which normaily would account for their scarcity (for instance, see the
population model in Monograph 20 of his survey series published by Pergamon Press), the populations
sighted in the Solomon Islands are so small that it would be surprising of this was so here. It is likely
that a number of these animals are included in the three EQ classes.

One may ask what fraction of the crocodile containing habitat was surveyed by us, It is
difficult to answer this with precision. Almost all of the areas, which knowledgeable hunters feit were
worth surveying, were surveyed,

In the case of enclosed lagoons, some 80 percent of those worth surveying, were surveyed.
The same applies for saltwater lagoons, although there were many more which could have been
surveyed, had local hunters and inhabitants not stated emphatically that the area had been cssentially
cleared of crocodiles. We probably did not survey more than a few percent of surveyable bays and
channels, Since only remnant straggler crocodiles remain, one might occasionally be sighted in almost
any bay or even the open sea. Under these circumstances all kinds of correction factors — depending
on an individual’s imagination -- can be applicd to the number of crocodiles sighted during the course

of the survey.




Because of the few animals we cncountered, using statistical means to gain an estimate of the
actual number of crocodiles in the Solomon Islands is meaningless, We believe that there may be
another freshwater lagoon or two equivalent to Ghahirahobo or Lake Tatae that was not surveyed, but
there certainly is not another equivalent to Lauvi Lagoon. Based on surveying experience in Australia,
we can generously assume that the sighting fraction for crocodiles in the enclosed lagoons was only 50
percent. In addition to cover the unsurveyed waterways, the number of crocodiles seen in the saltwater
lagoons, and rivers and creeks, can be liberally multiplied by 10 and that of the bays and channels by 20,
This produces a ‘guesstimate’ of [2(153+42) + (10x7) + (10x8) + (20x9)] = 720 crocodiles, as a maximum.

It should again be stressed that, other than in the small enclosed lagoons, the remaining
crocodiles are widely scattered throughout the some 900 islands of the chain and the chance of
breeders meeting must be small.

C. “‘Custom Crocodiles.” At several locations during this survey, we were told by local people
that the reason we were not finding many crocodiles was because these were ‘custom crocodiles” which
can only be scen by a few traditional Solomon Islanders; that the crocodiles were there, but that we
could not see them, Significantly, these comments always came from villagers and not from local
crocodile hunters. If the ability to see crocodiles is a trait unique to ‘customary islanders’ than the
leaders of the survey team, who collectively have 40 years experience studying 17 of the 25 recognized
specics and subspecies of crocodilians in more than 15 nations, during which they have censused,
captured, and handled more than 100,000 live crocodilians and have examined over 1,000,000
crocodilian hides, have surely earned the right to see any crocodiles customary or not.

D. Number of Crocodiles in Former Times. How many crocodiles were there in the Solomon
Islands in former times? One will never know for certain because, as elsewhere, no previous systematic
survey of the crocodile population had been carried out. Furthermore, in former times, records of
exports of crocodile skins were not maintained and even in recent times records have been scant. We
are this compelled to rely upon information provided by former and present day crocodile hunters. It
is difficult to assess the reliability of such information other than by obtaining it from many huaters on
different islands. This we did.

The following broad picture emerges. Apparently the crocodile, even though it, along with the
shark, appears on the national emblem of the Solomon Islands, has been looked upon gencrally as
vermin and treated as sach. Thus when Australian expatriate hunters, who become well acquainted
with the Solomon Islands during the second world war, started shooting crocodiles in the late 1950s and
during the 1960s and early 1970s they were welcomed. Many of the older hunters and guides who
helped us with the present survey, worked gladly with the expatriates to help shoot out the crocodiles.
One of the Masters of our survey vessel, Harry Mamata, was one such individual who heiped. On all
the islands we surveyed, the name of Dennis Rome came up time and time again as one of the
expatriate shooters. Freddie Forsythe Kaye was another name which was meationed. Every one of the
indigenes stated that the crocodile resource had been large and could be gauged by the fact that in the
1950s and 1960s the hunters obtained, on average, 4 to 5 skins of large animals each night. On some
nights, they obtained as many as 20 large animals. During the present survey, only in Lauvi Lagoon did
we sight a few large animals and because of their wariness only one could be approached.

Apparently, even though the majority of the habitat for crocodiles in the Solomon Islands is
marginal, the population size was large and must have taken a very long time, measured in centuries, to
reach that size. We are unable to say more than perhaps it was a large as the crocodile population of
Australia, but less than that of Papua New Guinea. We cannot substantiate this estimate further,

E. Protective Measures. By the mid-1970s, the valuable crocodile resource had been severely
depleted and the expatriate hunters departed. The indigenes, however, continued to hunt the animal
both as vermin that occasionaily attacked humans, pigs, dogs, and chickens, and because crocodile hide
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prices were high. They provided valuable supplementary funds for individuals of a local subsistence
cconomy. By this time, India, Australia, and Papua New Guinea had recognized the danger of losing
the crocodiles and took steps to implement management plans, ensuring the survival of the species and
their eventual utilization on a sustained yield basis. The Sclomon Islands was at this time ig the throes
of gaining independence and did not follow the lead of India, Australia, and Papua New Guinea. The
killing continued, without gencral recognition that a valuabic economic resource was being destroyed.
Even as late as 1982, an expatriate hunter was welcomed to help clear the remaining vermin crocodiles,
However, in 1972, legislation was cnacted to prohibit the export of skins smaller than 50 cm wide in the
belief that it might help protect the crocodile resource. By allowing the adult breeders to be killed off,
it did the opposite.

In the Solomon Islands, crocodiles are grouped with fish in the Fisheries Act of 1972, ‘Fish’ is
defined as *any aquatic animal, whether piscine or not and includes...crocodile and turtle, and young
and eggs thereof ...."

Regulation 10 of the Act covers crocodiles and in ‘977 was changed to read:

"Any person who sells or exposes for sale--any crocodile or crocodile skin the belly width of
which is less than 50 centimeters...shall be guiity of an offence...."

"Provided that this regulation shail not apply in relation to any crocodile, or skin of any
crocodile...reared in a farm licensed under any Regulations...."

As far as we have been able to ascertain, this regulation had not been enforced. The export of
skins of crocodiles of all sizes taken from the wild have been, and continue to be, sanctioned, At any
rate, since saltwater crocodiles do not start breeding until they are at least 2 m (females) to 3.5 m
(males) long and have a belly width of 45 e, enforcement of the legislation would ensure that the
crocodiles breeding resource would be severely depleted -- as it has been -- and perhaps, finally be
totally destroyed.

F. Crocodile Skin Exports. Mr, Youichi Takehara, Managing Director of Horiuchi Trading
Company of Tokyo, Japan, kindly supplied figures for crocodiles imported by his company from the
Solomon Islands -- ses Table below.

Mr. Henry Isa, Principal Conservation Officer of the Environment and Conservation Division,
Solomon Islands Ministry of Naturat Resources, provided the following figures for the export of
crocodile skins from the Solomon Islands:

Belly inches Value (S.1.5)
1985 4163 10,405
1986 4350 10,873
1987 6445 32,093
1988 4772 99,852

Study of the information supplied by Mr, Takehara and Mr. Isa indicates that Horiuchi
Trading Co. has been importing roughly one half of the crocodile skins exported from the Solomon
Islands. Furthermore, the Takehara Table indicates that the number of imported skins with belly
widths 20 inches o: greater (> 50 cm) has decreased from 63 in 1983 to 28 in 1988. The 1989 figures
could be aberrant since hunters were encouraged to get every skin they could this year. At several
places, during the course of our survey, we were welcomed because villagers believed we had come to
clear out the remaining few crocodiles.




Crocodylus porosus hides imported from the Solomon Islands by Horiuchi Trading
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G. Crocodile ‘Farms’ and Ranching. During the course of the survey, every opportunity was
taken to visit crocodile ‘farms.” These 12 so called farms contained from 1 to 54 animais each. The
number and size classes of the captive animals seen in each ‘farm’ arc givea in the Resuits. The Table
below shows the size classes and total captive crocodiles seen,

Captive Crocodiles
Size in Feet Number of Crocs
(meters)
Hatchling 19
2.3 23
(0.6-0.9)
34 34
(0.9-12)
45 33
(12-1.5)
5 13
(1.5-1.8)
6-7 5
(1.8-2.1)
>T 4
Total 131

CITES defines captive propagation as intensive management under captive conditions which
reliably will produce an F-generation (second generation) from parents born or hatched in captivity.
Such an operation which produces offspring from parents bred in captivity is defined as a ‘farm.’
Operations which obtain eggs or young from the wild, not from captive parents, for rearing in captivity
is defined as a ‘ranch.’ Farms are closed-cycle operations independent of the wild populations, while
ranches ar¢ open-cycle operations dependent on wild eggs or young.

There is no viable crocodile farm in the Solomon Islands at the present time and there is
unlikely to be one uniess a much more professional approach is taken. One or two, or even 54,
immature animals does not constitute a crocodile farm. It takes 8 to 10 years for a female and 15 to 16
years for a male C. porosus to reach breeding size. None of the captive animals seen in the farms’ had
bred in captivity, and since none of the ‘farm’ enclosures contained pools sufficiently large and deep
(>1.5 m), it is unlikely that they ever will breed under the current husbandry conditions. The existing
‘farms’ cannot even operate as ranches since, without a healthy wild population, neither eggs nor
hatchlings can be collected from the wild for stocking the ranches.

Practicaily every hopeful crocodile farmer we spoke to expressed great interest in crocodile
farming and wanted more information on it. They were most anxious to commercially farm the very
resource which so many of them as hunters had belped to destroy in the wild. Most of them expressed
sorrow at not having realized what impact their hunting was having,

Every commercially successful crocodile enterp. isc in the world depends to a varying degree
upon tourism and/or ranching. Lauvi Lagoon is the only site in the Solomon Islands which in the near
future might, with proper protection and effective management, become a tourism /ranching
enterprise. Other lagoon sites will require stringent protection for at least S to 10 years before their
populations will have recovered sufficiently to allow any sustained yicld exploitation. However, this will
require careful annual checking before any animals are taken.




H. Conclusions and Recommendations.

1. Crocodiles in the Solomon Islands have been and still are generally looked upon as vermin, and not
as a valuable resource.

2. The crocodile resource of the Solomon Islands has been severely depleted and only a very small,
widely scattered remnant population remains.

3. Unless urgent and strict measures are taken to protect the species, the saltwater crocodile may soon
become extinct in the Solomon Islands.

4, There is, at present, no commercially viable crocodile farm or ranch in the Solomon Islands and this
will not change uniess immediate action is takea now to conserve the wild population.

5. The remaining crocodile resource is so small that a crocodile ranching proposal is out of the
question for a number of years.

6. There does not exist in the Solomon Islands any effective legislation to protect and conserve the
crocodile.

7. Few Soiomon Islanders, with the exception of the crocodile hunters, are aware that the crocodile
populations are so dangerously depleted.

We recommend that:

A. The wild crocodile population of the Solomon Islands remains on Appendix I of CITES.

B, A total cxport ban on crocodile skins of all sizes and from all sources in the Solomon Islands
immediately be established and effectively implemented. Such a ban should remain in effect
for a minimum of 5 years, after which it should be reviewed.

C. A permanent ban on skins taken from the wild, whose belly width is greater than 45 cm should be
imposed to protect the breeding stock.

D. The Solomon Island central government and provincial authorities immediately commence the task
of educating the public about the vital importance of conserving their natural resources and
national heritage, including crocodiles, for the future benefit of their citizens.

E. The central and/or provincial governments find some way to protect and conserve the remaining
aocodile resource. We recognize that in the Solomon Islands, wildlife belongs to the
traditional landowncr, but if the scant resource is to be saved the governments must find a way
of convincing the landowners to protect the wild populations and their habitats. Special areas
such as the freshwater lagoons should be given priority consideration.

F. The governments disconrage taking crocodiles from the wild to stock so called ‘farms’ which are
unlikely to become economically viable, except as a tourist attraction.

G. The status of the crocodile populations in Lauvi and Ghahirahobo Lagoons, and in lakes Tatae,
Korea, and Matimi and those in Renard Cove be monitored annually.
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How these individuals sailed the vessel at night through reef strewn waters, over thousands of
kilometers, without an echo sounder or radar, remains a mystery to us. Perhaps the traditional wooden
sailing talisman which Harry Mamata had bound to the upper mast of the vessel had something to do
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Appendix 1,

Sailing Times To and From Survey Areas

SANTA CRUZ
Sat 29 Jul -- Lata -> Dedu on Nendo Island by canoe; 0600-0900 hr
Tue 1 Aug -~ Luemoanda -> Lata by canoe; 0630-0930 hr

MAKIRA

Sun 6 Aug -- Kaonasugha -> Na Mugha, Star Harbor; 0745-0930 hr

Tue 8 Aug -- Na Mugha -> Marau Island Bay; 0700-0930 hr

Wed 9 Aug -- Marau Harbor -> Manawai Harbor; 0310-0850 hr

Thu 10 Aug -- Manawai Harbor -> Tawarogha -> Malaupaina Island,
Three Sisters Group; 0000-0830 hr and 0900-1250 hr

MALAITA

Fri 11 Aug -- Malaupaina Island -> Apio; 0100-0800 hr
Apio -> Taha River; 1000-1100 hr

Sat 12 Aug -- Taha River -> Apio; 1917-2058 hr

Sun 13 Ang -~ Apio -> Sw'upeine Bay for Lake Korea; 0715-0835 hr
Sw’upeine Bay -> Ahenawai; 2020-2135 hr

Mon 14 Aug -- Ahenawai -> Apio; 0620-0625 hr
Apio -> Rutaorea; 0735-1040 hr
Rutaorea -> Rohinari in Waisisi Harbor; 1205-1225 hr
Waisisi Harbor -> Si'ua Bay; 1320-134Q hr

Tue 15 Aug -- Si’ua Bay -> Talakali; 0300-0715 hr
Talakali -> Auki; 0830-0920 hr

SANTA ISABEL
Wed 16 Aug -- Auki -> Leleghia; 0000-0805 hr
Leleghia - > village near Potofa’a Creek; 0850-0910 hr
Potofa’a Creck - Kaevanga; 0925-1000 hr
Kaevanga -> Kaipito River; 1025-1045 hr
Kaipito River -> Kaevanga; 1230-1250 hr
Thu 17 Aug -- Kaevanga -> Leleghia; 1106-1120 hr
Leleghia - > Kaevanga; 1950-2010 hr
Kaevanga -> Kia; 2240-1430 hr
Fri 18 Aug -- Kia -> Havi Bay; 1610-1700 hr
Sun 20 Aug - Havi Bay -> Imauku Bay; 0830-1005 hr
Imauku Bay -> Hulaghi Bay; 1055-1130 hr
Mon 21 Ang ~ Hulaghi Bay -> Kia; 0635-0930 hr
Kia -> Arariki, Vaghena Island, Choiseul; 1100-1610 hr

WESTERN PROVINCE
CHOISEUL
Mon 21 Aug -- Arariki -> First Unnamed cove north of Arariki; 1640-1655 hr
Tue 22 Aug ~ Unnamed cove -> Keala; 0640-1005 br
Keala - > Ruravai; 1035-1040 hr
Ruravai -> Qaka Harbour; 1630-1650 hr
Thu 24 Aug -- Oaka Harbour -> Posarae; 0630-0730 hr
Posarae -> Ndoroko River; 0815-0845 hr

3hbr
3hbr

6 br
2hr
Shr
12 hr
7 br
1lbr
1hr
1hr
1hr

3br

4 hr

8 hr

15hr
1hr

2 hr
Shr

3hbr

1hr

30 min
40 min

20} min

40 min
20 min
15 min
5 min
5 min
20 min
20 min

50 min

5 min
20 min
35 min
20 min
20 min
20 min
20 min
50 min
50 min
35 min
35 min
55 min
10 min

15 min

5 min
20 min




VELLA LAVELLA

Fri 25 Aug -- Ndoroko River -> Liangai; 0400-0840 hr 4br 40 min
Liangai -> Paraso Bay; 0950-1030 hr 40 min

Sat 26 Aug — Paraso Bay -> Noro, New Georgia; 1800-0020 hr 6 hr 25 min

RENDOVA

Sun 27 Aug -- Noro -> Mburuku; 0620-0900 hr 2hr 40 min
Mburuku -> Renard Cove, Mbusana Bay; 1045-1220 hr 1hr 35 min

TETEPARE

Mon 28 Aug - Renard Cove -> Tavara, Waugh Bay; 0655-0810 hr 1hr 15 min
Tavara, Waugh Bay -> Mburuku, Rendova; 2000-2200 hr 2hr

GHIZO

Tue 29 Aug — Mburuku -> Gizo; 1010-1535 hr 5hr 25min

NEW GEORGIA

Wed 30 Aug -- Gizo -> Noro; 0840-1135 br 2hr 55 min
Noro -> Hombupeka; 1145-1300 hr 1hr 15 min
Hombupcka -> Nusa Hope; 1320-1520 br 2hr
Nusa Hope -> llemi; 1630-1930 hr 3hr

Thu 31 Aug -- Ilemi -> Mbareho; 0500-0810 hr 3br 10 min
Mbarcho - Patutiva; 0925-1010 hr 45 min
Patutiva - > Mbisuana; 1015-1210 hr 1br 55 min
Mbisuana -> Mbatuna; 1230-1250 hr 20 min
Mbatuna - > Peava, Nggatokae Island; 1335-1530 hr 1bhr 55 min
Peava -> Yandina, Russell Isiands; 1605-0055 hr 8br 50 min

RUSSELL ISLANDS

Fri 1 Sep -- Yandina -> Loun, Loun Island; 0830-0825 hr 25 min
Loun -> Kaelenga, Alokan Island; 0855-1000 hr 1br 5min
Kaelenga -> Lake Tatae, Momoluon island ; 1050-1105 hr 15 min
Momoluon Island -> Yandina; 2035-2210 hr 1hr 35min

FLORIDA 1ISLANDS

Sat 2 Sep -- Yandina -> Mboromole; 2230-0715 hr 8 hr 45 min

Sun 3 Sep ~ Mboromole -> Siota; 0945-0950 br 5 min
Siota -> Utuha Passage; 1000-1005 hr 5 min
Utuha Passage -> Salesape; 1400-1450 hr 50 min
Salesape -> Utuha Passage; 1530-1620 hr 50 min

GUADALCANAL

Mon 4 Sep -- Utuha Passage -> Rere; 0300-1000 hr Thr

Tue 5 Sep -- Rere -> Manikaraku; 0630-0915 hr 2br 45 min

Fri 8 Sep -- Manikaraku -> Mbarande; 0200-0730 hr 5br 30 min
Mbarande -> Honiara; 0815-1030 hr 2hr 15 min

Total Sailing Time 178 hr 40 min
Total Distance Sailed 2,818 km




Appendix 2.

List of Localities Indicated by Numbered Arrows on the Maps in Figures 2-8

1) NENDO ISLAND, Lata - 26-29 July, 1-5 August
2) Dedo Station, near Nanggu - 29-31 July
Reef Lagoon
Tepiai Lagoon
Mblamoli Lagoon
3) Lord Howe Island - 28 July
Lord Howe Island lagoon
Matimi Lake
4) Luemoanada River - 31 July-1 Augus
Luemoanada River
Other nearby rivers
5) MAKIRA ISLAND, Kira Kira - 6 August
6) Kaonasugha Harbour - 6 August
7) Na Mugha Anchorage - 6-8 August
Nasuraghena Passage and lagoon
8) Marau Island (near 162°10.8°E, 10°48.9'S) - 8-9 August
Lagoon behind Marau Island
9) Marau Island (near 161°30°E, 16°31°S) - 9-10 August
Mwaera Bay
Maro’u Bay
Unnamed bay and stream behind Marau Island
Small unnamed lake on Marau Island
Manawai Harbour
10) THREE SISTERS ISLANDS, Malaupaina Island, Sw’uta’ata’a Harbour - 10-11 August
Unnamed interior salt marsh
11) MALAITA ISLAND, Mara Masike Passage, Apio - 11-12 August, 14 August
12) MaraMas:chassage Taha River - 12-13 August
Taha river
Taramata creek
Huro creeck
Su'n Horihori creek
Maariki Maero Channel
Maariki Pacna Channel
Mara Masike Passage
13) Su’upeine Bay, Lake Korea - 13 August
14) Waisisi Harbour, Rohinari village - 14 August
Haurakeni lake
15) Si'va River - 14-15 August
Si’ua River
16) Talakali village (opposite Laulasi) - 15 August
17) Auki - 15-16 Avngust
18) SANTA ISABEL ISLAND, Thousand Ship Bay, Leleghia - 16-17 August
Baravale Passage
Ortega Channel
Tukmasiu river
Toutori river
Kokoibutu river
Ravihi river
Kakaburu river
Nasi'he creek




19} Kia - 18 August
20) Havi Bay - 18-20 August
Havi Bay
Sulkupeda creek
Malasu creek
21) Ghahirahobo Island - 20 August
Ghahirahobo Island
22) Hulaghi Bay - 20-21 August
Venao Bay
Hulaghi Bay
Ogasa Bay
Unnamed bay
23) CHOISEUL ISLAND, Veghena Island - 21-22 August
24) Keala Island, Keala; Roraimboko Island, Ruruvai; Oaka Harbour - 22-24 August
Qaka Harbour
Oaka River
Kasu River
Vendele creek
25) Posarae - 24 August
26) Ndoroko River - 24-25 August
Ndoroko river
27) Small unnamed lake off Tonggoa Channel near Sambe Point - 24 August
28) VELLA LAVELLA ISLAND, Liangt Village - 25 August
29) Paraso Bay - 25-26 August
Paraso Bay
Ngokosoli creek
Unnamed lagoon near village
30) NEW GEORGIA ISLAND, Noro - 27 August
31) RENDOVA ISLAND, Mbusana Bay, Huntsuzu Cove (Renard Cove) - 27-28 August
Unnamed saltwater lagoons
Large unnamed freshwater lake
Small unnamed freshwater lake
32) TETEPARE ISLAND, Waugh Bay, Tavara - 28 August
Waugh Bay
Unnamed freshwater lake
33) RENDOVA ISLAND, Mburuku (Ughele) - 28-29 August
34) GHIZO ISLAND, Gizo - 29-30 August
35) NEW GEORGIA ISLAND, Hombureka Island - 30 August
36) Nusa Hope - 30 August
37) Viru Harbour, llemi - 30-31 August
38) Mbareho Island, Mbareho Village - 31 August
19) Patutiva village - 31 August
40) Mbisuana village - 31 August
41) Mbatuna - 31 August
42) Nggatokae Island, Peava - 31 August
43) PUSSELL ISLANDS, Mbanika Island, Yandina - 1-2 September
44) Alokan Island, Kaelenga - 1 September
45) Momoluon Island - 1 September
Tatae Lake
46) FLORIDA ISLANDS, Nggela Pile Island, Salesape - 3 September
47) Nggela Sule and Nggela Pile Islands, Mboromole - 3-4 September
Utnha Passage
Tambachi river




48) GUADALCANAL ISLAND, Rere - 4-5 September
Tanangaoa river
Likoro lagoon
49) Manikaraku - 5-8 September
Danae Bay
Passage between Danae Bay and North-West Bay
50) Lauvi Lagoon - 6-7 September
Lauvi Lagoon
51) Mbarande - 8 September
52) Honiara - 22-29 July, 8-14 September
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Figure 3. Makira Island (= San Cristébal). Numbered localities are listed in Appendix 2.
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\ Dailsiang

Figure 4. Malaita Island. Numbered localities are listed in Appendix 2.
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Food preference and fish atractability in young Nile Crocodile.

Morpurgo,B., GBan—-Shmuel Crocodile farm, Israel
Gvaryahu,5., and Rabinzon, B. , Department of Animal Science, Faculty of
Agriculture, the Hebrew University of Jerusalem, FOB 12 Rehovat 7&100

Israel.
Introduction

Fish is considered to be an importent element in the diet of young Nile
Crocodiles in nature ( Cott, 1941). On crocodile farms, Nile Crocodiles
are usually fed a meat mikture containing fish, beef, and a vitamins and
minerals supplement (Hutton, 1987; Lawrance % Loveridge, 1988).

A distinct preference exist for live food (Pooley, 1962); and young Nile

Crocodiles eat more live fish and frogs than sliced meat. Crocodylus
johnstoni preferred dead whole fish te chopped fish ( Webb et. al.,
1983).

In the present study Dy using a cafeteria experimental rggimen, the
preference for four different types of feed was detsrmined:

1. Live fish: 2. Dead fish; 3. A choped meat mixture; 4. Live chicks.
Importance of motion, freshness, c¢olor, size, shape and particular
species of +ish waé tested as to its attractability for the Nile

Crocpodile.
Methods

A flock of SO0, 13 month ¢ld Nile Creocodiles at the Gan-Shmuel
Crocodile farm, were used for this experiment. The flock was maintained
in a round 73 m? windowless chamber in which the middle area (47%) was
covergd with water. Water temperature was controled at ZO°C. Light was
provided only during feeding times. Food attractability was examined
using a two choice cafeteria preferesnce test ( Rabinzon st. al., 1980)
where following each observation, the fields of food presentation wers
iB0® rotated. The following feeds were assayved: Live fish, dead fish
{both ornamental fish of the Ciprinids), live newly hatched broiler
chicks and chopped meat with a vitamines and minerals supplement. Each

feed was tested when paired to each of the others.
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Four repetitions of each pair were conducted in randome order.
Following the terminatian“ of this stage, the same experimental design
was used in order to determine the role of freshness, size, colour and
shape/species as determinants in fish attractability. The first three
factors were examined by using colored ornamental Ciprinids of 2-8 cm in
length. In the freshness gtudy fresh dead fish {grade A), dead fish
stored in 0°C for 24 h before presentation (grade B) and fish stored at
-20°C for a week and defrosted before presentation (grade C) were used,
For the fish's size effect we used fresh dead fish scattered to "small"
(2-8 cm) and "big" (B-15 cm) sire groups were uged. The color effect was
examined using two types of ocrnamental Ciprinids: Red-orange (colared!)
and black—-gray (dark). The effect of the species types was determined in
a cafeteria test wusing dark Ciprinids and dark Tilapias., Data was
analyzed using the non-parametrical Mann—Whitney U-test (Sigel, 1956).

Results

In general, live fish were significantly preffered to all other forms of
feed. Dead fish were the second choice, while live chicks were preferred
to chopped meat (Fig. 1).

Freshness played a significant role in fish attractability and as the
grade declined so did the preference (Figs. 2,3,4). The crocodiles
preferred "small” to "big" fish (Fig. §) and colored to dark (Fig. &}.
Ciprinids were significantly preferred to Tilapia, haowever this
preference was not immediately demonstrated within the first minute but

tfollowing several minutes of consumption instead (Fig. 7).

Discussiaon

The crocodiles preferred fish, bath live and dead +o chicks oar graund
meat. Since fish, but rnot chicks or ground meat are present in the
crocodiles natural habitat, it is possible that the preference for fish
is the manifestation of an innate attraction for this feed (McFarland,
1987). Motion seemed to be a component in the fish attractability, since

live, jerking fish seemed the choice feed.




The ground meat was the least preferred. This is in accordence with
Webb  et. al. (1993 nbsarvatioﬁs of Crocodylus jhonstoni. In  an
experiment where ground meat with vitamins and minerals supplement was
compared to fish and chicks, na difference in growth rate and general
aAppearence ot the crocodiles was noted (Morpurgo et. al., in
preparetion). Thus, the value of work invested in the laboreous
preparetion of the ground meat iz guestienable.

The freshness of the dead fish affected immediatly preference and the
crocodiles allways preferred the fresher fish. This agrees with previous
observations both in the natural habitat (Cott, 1961) and in captivity
(De~Vos, 1982)., As for the nature of cues by which the crocodile detects
the freshness, further study is needed. As Hutton (1987) has
demonstrated, the crocodiles preferred fish of a suitable size far
immidiate swallowing over the larger ones. When presented with dark
Ciprinids and Tilapias, preference for the Ciprinids was demonstrated
following the +first five minutes. Since the Tilapias have hard back
tins and the Ciprinids are completly smooth it is reaszonable +o assume
that the crococdiles prefer the latter to the former. However, it seems
that the crocodiles have no method to differentiate between the two
species and they had to figure aut the location gf the more agreeable
fish, whenever the fish were presented. The crocodiles in the present
experiment were accustamed +o Tilapias and ornamental Ciprinids which
were provided to them on & regular basis. Since, the ration of
ornamental Ciprinids useually contaimed many colored speciments while
that of the Tilapias only dark ones, it is possible that the crocodiles
immediate attractien to colored Ciprinids over dark ones, was the
manjfestatian of the previous experience and that the colaor served as an
acquired cue for their ability to differentiate between Ciprinids and

Tilapias, this cue was lacking when both the Ciprinids and the Tilapias

were dark.
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Eating crocodiles/minute of observation
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Figure 1.
Number of eating crocodiles (average for a minute of observation, in a
total period of 1O min.) in a caftdieria regimen where the following feeds
were compared: Dead fish (DF); Live fish {LF); Live cghicks (LC) and

Ground meat

(GM) .
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Eating crocodiles/minute observation
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Figquwre 2

Number of eating crocodiles at each minute of observation in a cafeteria

regimen where fish of grade A and C were compared.
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Eating crocodiles/minute observation
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Eigure I,
Number of eating crocodiles at each minute of observation in a cafeteria

regimen where fish of grade B and C were compared.
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Eating crocodiles/minute observation
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Figure 4,

Numtier of eating crocodiles at each minute of observation in a cafeteria

regimen where fish of grade B and A were compared.




Eating crocodiles/minute observation
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12

3 colored
10 - Dark

1 2 3 4 5 8 7 a 9 10
Observation period (min)

Figure &.
Number of eating crocodiles at each minute of observation im a cafeteria

regimen where colured and dark Ciprinids were compared.
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TRANSPORTATION AND ARTIFICIAL INCUBATION
OF AMERICAN ALLIGATOR EGGS

Richard D. Moses and Robert H. Chabreck
School of Forestry, Wildlife, and Fisheries
Louisiana State University Agricultural Center
Baton Rouge, Louisiana 70803 USa

Abstract.--One hundred twenty-eight American alligator
(Alligator mississippiensis) eggs were collected and incubated to
test the effects of four incubation materials and transportation
methods on hatching success. The four nest materials tested were
marshhay cordgrass (Spartina patens), maidencane (Panicum
hemitomon), grass hay (Paspalum notatom), and sphagnum peat
(Sphagnum sp.). No difference in hatching success was found among
the nest materials. Sixty-four eggs were transported cushioned
(10 cm foam rubber under the trangportation container) and 64 were
transported noncushioned (no cushioning under the transportation
container); no difference in hatching success was found between
transportation methods. Thirty-two eggs were collected to test
the effects of wet and dry incubation units on egg hatchability,
Hatching success did not vary between the incubation units.
Seventy-eight eggs were collected on 5 dates at biweekly intervals
during the incubation period to test time of collection on egg '
hatchability. Hatching success of alligator eggs did not differ
among collection dates.

Alligator farming is increasing in Louisiana as an economic
venture. In 1986, 14 commercial farms were operating in the state
(Sheldon and Joanen 1986). By 1988, the number of commercial
farms had grown to 64 and further expansion of the industry was
expected (La. Dept. Agri. 1989). A major problem for commercial
operations is obtaining hatchling alligators for use as growing
stock. In the past, alligator farmers maintained breeding
alligators in enclosures, collected eggs from nests within the
enclosures, and artificially incubated the eggs to produce growing
stock. Maintenance of breeding alligators is expensive and labor
intensive. In 1988, landowners began to collect eggs from nests
of wild alligators and to sell them to alligator farmers (La.
Dept. Agri. 1989).

Several studies have been conducted on artificial incubation
of alligator eggs (Chabreck 1971, 1978; Ferguson and Joanen 1982;
Joanen and McNease 1975, 1977, 1979). Studies have dealt with
collection techniques, incubation temperatures, temperature
dependent sex determination, and collection time.




Advantages of artificial incubation include the elimination
of natural losses and predation (Pooley 1973, Blake and Loveridge
1974, Chabreck 1978), and elimination of weather related mortality
(Joanen and McNease 1977, Chabreck 1978). Additionally, rearing
young alligators in controlled enviromments reduces hatching year
mortality as compared to that experienced in the wild (Joanen and
McNease 1979).

Studies do not agree on the proper time of egg collection.
Pooley (1971) recommended early egg collection. Conversely, Blake
and Loveridge (1974) indicated that collection shortly after
laying had a detrimental effect on hatching success compared to
later egg collection. Chabreck (1978) concluded that the hatching
rate of alligator eggs could be maximized by delaying egg
collection until the fourth week of incubation.

The objectives of this study were to determine the effects of
different incubation materials on hatching success of alligator
eggs, to test the effects of cushioned and noncushioned
transportation on hatching success, to evaluate the effects of
time of collection on hatching success, and to determine if
different types of incubators influence hatching success.

The authors are grateful to personnel of the U. S. Fish and
Wildlife Service for assistance during the investigation,

DESCRIPTION OF STUDY AREA

Alligator eggs for this study were collected on Lacassine
National Wildlife Refuge (LNWR) in southwestern Louisiana. The
refuge contains a 6,478-ha freshwater impoundment referred to as
Lacassine Pool. Eggs were collected from the northern portion of
Lacassine Pool,

Selective, commercial harvesting of alligators is conducted
on the refuge under strict regulations. Alligator harvesting was
resumed in 1983 after 32 years with no harvest. In that interim,
the alligator population increased from an estimated 500 to 10,000
individuals (Brown and Yakupzack 1983:27).

The 30-year (1951-1980) average annual temperature for the
area (southwest division of Louisiana) was 19.7 C with monthly
mean temperatures ranging from 10.2 C (January) to 27.8 C (July).
Mean temperature for 1988 was 19.0 C, with a mean low temperature
of 7.3 C in January and a mean high temperature of 27.5 C in
August. Monthly temperatures for the study period were May (22.3
C), June (25.3 C), July (27.1 C), and August (27.4 C) (USDC 1988).

The 30-year (1951-1980) average annual precipitation for the
study area was 145.6 cm, with mean monthly precipitation ranging




from 8.8 cm (October) to 16.2 cm (July). Precipitation for 1988
was 145.8 cm, and monthly precipitation for the study period was
May (7.3 em), June (16.4 cm), July (13.26 em), and August (8.6 cm)
(USDC 1988).

The two major plant communities in Lacassine Pool are the
emergents and floating-leafed/submergents. Maidencane and
bulltongue (Sagittaria lancifolia) are the most abundant speciles
in the emergent community. Other emergents include spikerush
(Eleocharis spp.), waterhyssop (Bacopa spp.), glant cutgrass
(Zizaniopsis milaceae) and pennywort (Hydrocotyle spp.)
{Carbonneau 1987:7).

METHODS

Nest Materials and Transportation Study

Egg Collection

Alligator eggs were collected on July 1, 1988 from nests on
LNWR. Nests were located by aerial searches of the Lacassine Pool
and marked by dropping a marker at the approximate mest location.
Nests were then located by ground searches from an airboat.

Four mests were located and 32 eggs were collected from each
nest. Eggs were selected from various positions in.the nest and
cracked eggs were not selected. Each egg was marked to indicate
the upright position as deposited in the nest (Chabreck 1578 .

The eggs from each nest were randomly separated into 2 groups of
16 eggs each. The 2 groups were placed upright into separate
metal containers (130 L) containing material removed from the nest
to cushion and stabilize the eggs. Thus, 16 eggs from each nest
were placed into one of 2 containers, with approximately 10 cm of
nest material placed between each cluteh.

Transportatioen

Eggs were transported from the Lacassine Pool in an airboat
and transported 160 km by a covered 1/2 ton pickup truck to
Louisiana State University, Baton Rouge, on the same day as
collected. One of the containers was transpotted on a 1l0-cm thick
foam rubber pad (cushioned) and the other was transported without
padding (noncushioned). Transportation from the collection site
to Baton Rouge took approximately 4 hours. Upon arrival, eggs
were stored overnight in a temperature control room at 32 C. The
following day, eggs were separated into groups as described later
and placed in incubators.




Incubation Materials

Four incubation materials were tested; marshhay cordgrass,
maidencane, grass hay, and sphagnum peat. Marshhay cordgrass was
collected from alligator nests found in brackish marsh on the
Rockefeller Refuge (ca. 30 km south of the study area).

Maidencane was collected from natural nests at the same time eggs
were collected. The grass hay had been baled at the LSU farm,
Baton Rouge, Louisiana the previous year and stored in a dry area,
The sphagnum peat was uncut, long-fibered peat purchased from a
commercial source. Marshhay cordgrass and maidencane were moist
at the time they were collected. They were further moistened with
warm tap water from a mist-type spray bottle before being used for
incubation medium. Grass hay and sphagnum peat were dry when
obtained and were thoroughly saturated by socaking in water
approximately 1 hour before being used as incubation medium. The
sphagnum peat had a high water holding capacity and excessive
water was removed before the peat was placed around the eggs.

Incubation Contalners

Eggs were incubated in plastic containers (30 x 30 x 15 cm)
each fitted with a wooden 1id to help slow evaporation. Water was
placed 2 cm deep in the containers to provide moisture. A 2.5-em
thick wooden board was placed in the bottom of each container to
keep the eggs above water. Moistened nest material was placed to
a depth of 10 mm under and 10 mm over the eggs.

The 16 cushioned and 16 noncushioned eggs from each nest were
divided into 8 groups of 2 eggs each. The 2 eggs from each group
were placed in separate plastic mesh bags (10 x 10 x 30 cm) then
pPlaced in separate incubation containers., Bags were labeled to
identify nest and method of transportation. The 8 containers were
separated into 4 groups of 2 replications each and 1 group was
assigned to each of the 4 nesting materials for testing. The
remaining cushioned and noncushioned eggs were divided and grouped
in the same manner and placed in the same 8 containers so that
each container held 2 eggs from each of the 4 nests.

Incubation

Eggs were incubated in low temperature incubators (Precision
model 818). The incubators were equipped with a solid state heat
proportioning circuit to achieve sensitive temperature control (+
0.1 €). 1Incubators were equipped with a circulating fan to
provide even air distribution throughout the chamber and to assure
temperature uniformity. Mercury maximum-minimum thermometers were
placed in the incubators to indicate temperature and to indicate
mechanical failure of the internal temperature thermometer.




All eggs were incubated in low temperature incubators at a
constant temperature of 31.5 C and checked twice weekly to ensure
that proper moisture (determined by visual observation) was
maintained. When the nest material was drying it was apparent
when the 1lid was removed from the incubation container. The
surface of the nest material would be light in color and appear
dry and brittle to the touch. Nest materials were dampened as
needed with-a mist-type spray bottle. At the estimated time of
hatching, approximately the third week of August, eggs were
ingpected at 2-day intervals and young that had hatched were
removed.

Date of Collection Study

A study was conducted to determine if time of alligator egg
collection influenced hatching success. Two nests were located
adjacent to a perimeter levee of Lacassine pool. Eight eggs were
randomly collected from each nest at two-week intervals for 8
weeks. Eggs were collected on 1, 14, and 29 July and 12 and 26
August 1988. The eggs were marked, cushioned, transported and
incubated as previously described. The 16 eggs from each
collection period were incubated in the same container in sphagnum
peat.

Incubation Unit Study

Eggs were collected on 1 July 1888 and were marked,
transported as previously described, and placed in incubation’
units. Two types of incubation units, a dry unit and a wet unit,
were tested. The dry unit was a low temperature incubator
{Precision model 818), and the wet unit was a humidity chamber
{(Conviron model E-13). The dry unit had no free water in the unit
and the air within the chamber was not humid. The wet unit
circulated free water, and the air within the chamber was
saturated with moisture so that the humidity was maintained at
100%.

Thirty-two eggs were placed in the 2 types of incubators.
Sixteen eggs from each of 2 nests were randomly selected, and 8
eggs from each nest were placed in each type of incubation unit.
Incubation containers were similar to those previously described.
No cover was placed on containers in the wet unit, but incubatiom
containers in the dry unit were covered with a lid to maintain a
high moisture level within the container. Eggs were incubated in
sphagnum peat at a constant temperature of 31.5 C.




RESULTS

Incubation Materials and Transportation Study

Nests and Incubation Materials

Thirty-two eggs from each of 4 nests were incubated in 4
different incubation materials, and hatehing rates were compared.
Of the 128 eggs incubated, 82% hatched. The number of eggs
hatched did not differ among nests (F = 0.6172; 3, 21 df; P =
0.574) or incubation materials (F = 2.263; 3, 21 df; P = 0.068)
{Table 1}.

Table 1. Number of eggs hatched from each nest? according to
incubation materials. Eggs collected 1 July 1988 on Lacassine
National Wildlife Refuge, Cameron Parish, Louisiana.

Incubation Materials

Nest Spartina Panicum Paspalum Sphagnum Nest
Number patens hemitomon notatum sp. Mean
1 ] 8 8 4 6.5
2 7 8 7 ) 7.0
3 6 6 7 3 6.0
4 6 7 7 7 6.8
Mean 6.3 7.3 7.3 5.5 6.5

aThirty-two eggs were incubated from each nest with 8 eggs in each
incubation material.

Cushioned wvs. Noncushioned

The 128 eggs used for the incubation material study were also
used for the transportation study. Sixzty-four eggs were
transported cushioned and 52 of these (81.3%) hatched. The other
64 eggs were transported noncushioned and 53 (82.8%) hatched.

Data analysis showed no difference in hatchability between eggs
transported cushioned and noncushioned (F = 0.205; 1, 21 df; P =
0.638).

Collection Date Study

Seventy-eight eggs for the collection date study were
collected at 2-week intervals for 8§ weeks beginning on 1 July
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1988. Three fertile eggs did not hatch and in 2 of these embryos
were dead before the collection date, thus their death could not
be attributed to the time of collection. With only 1 fertile egg
not hatching, it is obvious that collection dates did not
influence the hatching rate. Because of the similarity of
hatching success among collection dates, data were not tested
statistically.

Incubation Unit Study

Thirty-two eggs were incubated in wet and dry incubation
units to determine if the units affected egg hatching success.
Sixteen eggs were incubated in each unit. Fourteen eggs hatched
in the wet unit and 15 eggs hatched in the dry unit. Because of
the similarity of hatching success between units, differences in
hatching success were not tested statistically.

DISCUSSION
Incubation Materials

Nest materials used for this study included marshhay
cordgrass and maidencane, which are common nest materials in the
wild, and grass hay and sphagnum peat which are incubation
materials readily available to alligator farmers, Chabreck (1971)
indicated that organic materials are best for artificial
incubation material,

Hatching rates did not differ among the 4 nests or the &
incubation materials used in the study. However, eggs in grass
hay and maidencane had a 90.6% hatching rate. Eggs in marshhay
cordgrass had a 81.3% hatching rate, and 68.8% of the eggs hatched
in sphagnum peat. The hatching rate in the sphagnum peat was
affected by the high number (10) of faulty eggs. Whether the eggs
were infertile or the embryos were killed by excessive moisture in
sphagnum peat at the onset of the study could not be determined.
However, eggs incubated in sphagmum peat to test differences
between incubation units had a 90.6% hatching rate.

Differences in drying time among marshhay cordgrass, grass
hay, and maidencane were not observed. Their water holding
capacities appeared equal, and the incubation materials required
moistening about twice each week. Sphagnum peat held more
moisture, held it longer, and required meistening only once each
waek,

Care should be taken when using sphagnum because of its high
water holding capacity. If an excessive amount of water is
present, the embryos may not properly exchange respiratory gases




and may die. With proper wetness, sphagum peat will not contain
surplus water that can be squeezed from the material.

Ferguson (1981) reported that the structure of the alligator
eggshell is not very porous at the time of laying. The lack of
pores increases shell strength, prevents damage as the eggs are
dropped in the nest, and helps prevent dehydration of the eggs.
As incubation progresses, extrinsic acidic degradation of the
eggshell increases the shell porosity. The increased porosity
allows for the exchange of respiratory gases and water vapor from
the enlarging alligator embryc. Ferguson stated that this may
explain why alligator eggs artificially incubated without proper
incubation medium failed to hatch or died when abnormally tough
eggshell did not allow the baby alligator to escape from the egg
(Ferguson 1981),

Cushioned vs. Noncushioned

Pooley (1971) suggested that Nile crocodile (Crocodylus
niloticus) eggs be cushioned during transportation. He
recommended that transportation containers be placed on a bed of
dried grass 30 cm deep. The 128 eggs used for the incubation
materials study were similarly handled and placed in
transportation containers that were transported cushioned and
noncushioned. The cushioned eggs were transported with a 10 cm
foam rubber pad under the transportation container from the time
they left the nest until reaching the laboratory in Baton Rouge.
The only padding the noncushioned eggs received was from nest
material removed from the natural nest at the time of collection
and placed in the containers., This natural nest material was used
in cushioned and noncushioned containers and was placed between
clutches to protect the eggs and prevent excessive drying. One
hundred and five of 128 eggs hatched with almost equal hatching
rates in eggs from each transportation method. Statistical
analysis indicated that cushioning as provided in this study was
not effective in increasing the hatching rate of eggs.

Collection Dates

Previous studies indicated that egg collection after the
fourth week produced the best hatching success (Blake and
Loveridge 1974; Joanen and McNease 1975; Chabreck 1978). However,
Chabreck (1978) reported that adequate hatching results could be
obtained from early collection if proper collection methods were
used. Later studies by Ferguson (198l), Joanen and McNease
(1981), Ferguson and Joanen (1982) also found that eggs could be
collected early in the incubation period with acceptable hatching

succeess,




Eight eggs were collected from each of 2 nests during 5
collection periods; however, 1 nest had only 6 eggs the last
collection date. Three fertile eggs did not hatch and only 1 of
these could have been affected by the time of collection. It was
collected 1 July. The other 2 fertile eggs that did not hatch
were collected 24 August, and the age of the dead embryos revealed
that death had occurred in the second or third week of
development, which was 5 to 6§ weeks prior to the collection date
(24 August). No difference was found in hatching success between
early and late egg collection. However, we followed the
recommendations of Chabreck (1978) and maintained eggs after
collection in the position as found in the nest.

Incubation Units

Thirty-two eggs were collected 1 July 1988 to test the
effects of wet and dry incubation units on egg hatching success.
The eggs were collected from 2 nests with 16 eggs removed from
each nest. Eggs were incubated in sphagnum peat. The wet unit
provided high humidity (100%), and the incubation material did not
require that water be added during the study period to keep the
eggs from drying. The free water in the bottom of the incubation
containers in the wet unit did not require refilling. The
incubation material in the dry unit required that water be added
biweekly even though egg containers were covered to decrease
evaporation, Free water in the bottom of the incubation
containers in the dry unit had to be refilled every 2 weeks
because of evaporation. Fourteen fertile eggs in the wet unit
hatched and 15 fertile eggs in the dry unit hatched.

If a large number of eggs is being incubated, a wet unit
would greatly decrease the workload because biweekly moistening of
incubation material is not required. However, a wet unit may not
be available to most farmers, and if a temperature controlled dry
room is used, it is imperative that proper moisture be maintained
in the incubation medium. Optimum moisture level was not
quantified, but excessive moisture may be more damaging to eggs
than inadequate moisture.
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A comparison of 3 survey methods for estimating relative abundance

of rare crocodilians

Timothy G. O'Brien
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Gainesville, FL 32601

INTRCDUCTION

Night count surveys are used widely to census crocodilian
populations. Night counts are used for relative abundance estimates
and for actual population estimates (Magnussen et al 1978; Messel
1981; O'Brien 1983; O'Brien and Doerr 1986). Other methods of
surveying include aerial day and night counts (Graham 1963; Parker
and Watson 1970), aerial counts of nests (McNease and Joanen 1978),
daytime surface counts and counts of basking animals (Thompson and
Gidden 1972). Each of the above mentioned methods has its own
advantages and disadvantages. Problems involving costs, leogistics,
and analytical interpretaticn must be weighed in deciding the best
method to use,

Although night count surveys have been successful, alternative
techniques are noteworthy. Night counts are burdensome for wildlife
personnel accustomed to working with diurnal species. Daylight

counts are more convenient but may have problems with visibility
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of animals that move away from the water edge to bask. Daylight
aerial counts can cover large and inaccessible areas in a short
time pericd but may be expensive in more remote parts of the world.
‘ In view of the advantages of each method, this study was

developed to compare surface day and night counts and aerial day
counts for surveying crococdilian populations. I considered the
alligator population in North Carolina as representative of a low
density c¢rocodilian population. North Carolina is the northern
limit of the alligator'range, and densities ranged from 0.16/km.
in the southern part of the state to 0.075/km (O'Brien and Doerr
1986) in the northern part of the range.
METHODS

Survey routes were established in 2 areas of the North
Carolina coast (Fig. 1): 10 routes in the southern part of the
state and 4 routes in the central portion. The 14 survey routes
consisted of 3 river, 5 lake and 6 estuarine routes ranging in
length from 5.5 to 16km. Survey routes were established arbitrarily
to: 1) use routes with known presence of alligators based on prior
surveys and 2) to clump survey routes for aerial counts. Each
estuary and river route was surveyed twice with each method. Lake
routes were surveyed twice by air but only once by surface day and
night counts because of time and access constraints.

Aerial surveys were made in a Piper Super Cub from
approximately 90 m altitude and at a speed of approximately 130
xm/hr. Height and speed were checked every 2 minutes to assure

consistency. I counted visible alligators and recorded start and

stop times for each SurQey. Air surveys were conducted between 0900




and 1200 on 4 days from 17 - 23 April 1980,

Surface day counts and night counts for a given route were
conducted on a single day and used similar procedures. I used a 3m
flat-bottomed johnboat with a 9.9 hp outboard motor in all surveys.
The boat was coperated at 10-15 km/hr down the middle of a river,
or approximately 100 m from the shoreline of a lake or estuary.
Total time of each survey depended on route length and averaged 1.2
hours. Day counts began between 0900 and 1100 and night counts
began 1 hour after sunset. A 12-volt, 200,000 candlepower was used
on night surveys to detect eye reflections of alligators. Day and
night count surveys were conducted from 24 April to 14 May 1980.

Data analysis compared the 3 survey methods using 1logy,
transformation of the density of observed alligators as the
dependent variable in an analysis of variance meodel (Snedecor and
Cochran 1967). The 1log,, transformation was used to reduce
heterogeneity of variance. The design treats survey method and
water type as cross-classified factors, with survey routes nested
within water types and with repeated measurements on survey routes.
The data set was analyzed as a whole, partitioned by water type,
and partitoned by survey method. In the overall model, factors were
tested using the appropriate mean sgquare, determined by
partitioning the components of variance, as the error term.
Components of variance were also examined. All data analyses used

procedures of the Statistical Analysis System (SAS 1985).

RESULTS AND DISCUSSION

Survey Method Comparisons

Visibility was considered excellent under all conditions




except when aerial counts were conducted on rivers traversing
wooded areas. Here, canopy closure over water occasionally made
observation difficult or impossible.

An average of 0.15 (range 0-0.63) alligators/km/route/survey
was observed on aerial counts, 0.087 (range 0-0.50)
alligators/km/route/survey on surface day counts, and 0.29 (range
0-1.86) alligators/km/route/survey (Table 1; Fig. 2). Although
survey routes were sélected to minimize the frequency of O0-
observations, 36% of aerial, 52% of surface day, and 30% of night
count surveys resulted in no alligators being observed. Zero-
observations tended to be paired for repeated observations on
individual routes, reducing mean number of alligators observed,
within route variability, and the ability to detect factor
differences using F-Tests.

Analysis of variance indicated no significant differences
(P>0.05) in observed alligator densities for the 3 methods, and no
significant differences (P>0.05) in alligator densities for the 3
water types (Table 2). The comparison of survey methods by water
type (Table 3) showed no significant differences in alligator
densities (P>0.05). The comparison of water types by survey methods
(Table 4) also showed no significant differences in alligator
densities.

Significant differences (P<0.05) in density were detected for
survey route and for the survey method by survey route interaction
(Table 2, 5). Observed alligator densities ‘were. significantly

different between survey routes on rivers, but not on lakes or

estuaries. Variability between route within water types accounted




for 37% of the total sum of squares (Table 2), indicating high
spatial heterogeneity in alligator densities between routes within
water types. The survey method by survey route interaction
accﬁunted for 42% of the total sum of squares and indicated that
within certain routes, the survey methods yielded different
results. Day surface counts on estuarine routes were extremely low
compared to other methods. Night counts on lake routes were very

high compared to other methods (Table 5}).

Advantages and Disadvantages of the 3 Metheods

There are several logistical and biological c¢onsideraticns
that may influence the choice of survey method appropriate for a
particular situation. Crocodilian behavior, season, agency
resources, and habitat differences must be considered when choosing
a method.

Surface day counts require the least equipment and are the
most easily scheduled. Although highly desirable from a logistical
viewpeoint, there are many O-counts (52% of all surveys) associated
with surface day counts in this study. This suggests that
alligators may be less visible during surface day counts than
during aerial or night counts.

Several explanations for reduced visibility exist. Alligator
activity changes seasonally (Smith 1975) from primarily diurnal
patterns early in the season to primarily nocturnal in late spring
and summer (Hagan 1982). During the day, alligators may readily
terminate basking if the sky turns cloudy or when body temperatures
approach optimal levels. Alligators in the water are more difficult

to observe from the ground during the day because of surface
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reflection from the sun and because of the low profile usually
exhibited. These considerations suggest that season, time of day
and weather conditions are critical in scheduling surface day
counts.

Aerial counts and surface day counts are subject to many
similar problems. Activity patterns and weather should be
considered when scheduling aerial counts. Zero-counts during aerial
observations (36%) were not significnatly different from O-counts
during night counts (30%), indicating that visibility is
satisfactory if the alligators are active. Aerial counts have a
distinct financial advantage of being capabkle of covering large
areas in a single flight and are advantagecus when a large sample
is recquired in a short time period. The aerial count is most
effective in open marsh and lake habitats and least effective in
swamps and bottomland hardwoods where canopy closure can block
visibility.

Night count methods are preferable because they work in all
habitats and coincide with the nocturnal activity pattern of
crocodilians. Eye reflections are excellent targets at night,
visible at long distances and in situations where the animal might
otherwise go undetected.

Design Considerations

Because this study was conducted in areas of very 1low
alligator densities, the results may not be applicable to
comparisons of methods for censusing more abundant populations.
The low densities and large between-route variance observed in this

study made it difficult to detect differences due to methods.
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Although the cheoice of method gives similar results in this study,
higher densities and more uniform distributions of crocodilians
may result in differences in census methods. Experiments such as
this should be replicated to determine if census methods are
gsensitive to the density and distributien of target populations.

A second consideration for establishing censuses of
crocodilians is the determination of the number of survey routes
and the number of replications per route. Bayliss (1987) recommends
that when conducting surveys to determine relative abundance,
precision of estimates is especially important. Assuming a
repetition on a single route costs approximately the same as
conducting an additional survey on a new route, the deciding
factors become the cost of establishing a new route and the
reduction in variance resulting from repeated measurements versus
additional survey routes. An analysis of the components of variance
(Table 4) for each survey method shows that the between route
variance component (Var{Route[Water Type}}) tends to be much higher
than the within route variance component (Var{Error}) for low
density populations. The ratio of between route variance to within
route variance is 6.5:1 for aerial counts, 3:1 for day counts, and
5.4:1 for night counts. Because there is much less variation within
than between routes for each method, little is gained by repeating
surveys on the same route unless the cost of establihing a new
route becomes prohibitive.

This point is illustrated by determining the sensitivity of

the standard error (SE) to changes in the number of routes and the

number of repeated measurements on routes (Snedecor and Cochran




1967, pp 531-534). SE 1is calculated as the squareroot of
Var (Route[Water Type])/r + Var(Error)/nr, where r=the number of
routes and n=the number of replications on a route. SE falls
dramatically (Fig. 3) in response to increasing the number of
routes surveyed by any of the 3 methods. The reduction in SE due
to replication, however, is relatively insignificant at any of the
levels evaluated. For example, 10 routes surveyed 4 times at night
(40 surveys) result in a SE of 0.236, but 14 routes surveyed only
once at night result in a SE of 0.212 (Fig. 3). The cost of
developing a new route must be very high before it becomes
economical to consider repeated surveys on existing routes as a
way to increase precision. An optimal allocation of sampling
effort, therefore should attempt to maximize the number of routes
surveyed in order to maximize the precisieon of the survey.
CONCLUSIONS

1. No significant differences in cbserved alligator densities were
detected between 3 survey methods when compared over 3 water types
or when compared by water type.

2. No significant differences in observed alligator densities were
detected between the 3 water types when compared over all survey
methods or when compared separately by each method.

3. Significant differences were detected in routes within water
type, suggesting a high degree of spatial heterogeneity in
alligator observations.

4. Significant differences were found for the survey method by

route interaction, indicating that methods may perform differently

in different habitats.




5. Night count surveys may be the best choice of the 3 methods if
behavior, ease of observation, and non-zero counts are considered.
Aerial counts are best for surveying large areas rapidly and for
surveying open habitats.

6. When surveying low density crocodilian populations, the number

of routes surveyed should be maximized and the each route should

be surveyed only once.
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Table 1. Mean alligator density, range, and number of surveys (N)
for aerial, surface day and night counts on rivers, lakes and

estuaries.

Survey Method N Mean Range
Aerial 28 0.24 0.0 - 1.02
Day 23 0.14 0.0 - 0.80
Night 23 0.47 0.0 - 3.00

Water Tvype

River 18 0.13 0.0 - 0.37
Lake 20 0.30 0.0 - 1.86
Estuary 36 0.13 0.0 - 0.87
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Table 2. Analysis of Variance of the log,, transformed alligator
densities using aerial, surface day and night count surveys in
river, lake, and estuary habitats.

Variable d.f. M.S. F-Value'
Water Type 2 1.804 1.25
Route (Water Type) 11 1.444 13.42%
Survey Method 2 1.979 2.57
Survey Method x Route(Water Type) 26 0.748 7.14°
Error 32 0.108

Total 73

' F-tests are calculated using Water Type vs. Route(Water Type),

Route (Water Type) vs. Error, Survey Method vs. Route(Water
Type), Survey Methed x Route(Water Type) vs. Error.

2 p < 0.0001




Table 3. Analysis of variance of the log,, transformed alligator
densities by water type for aerial, surface day and night

counts.
River
variable d.f. M.S. F-Value'
Survey Method 2 0.089 1.92
Route 2 3.241 69.96°
Survey Method x Route 4 0.046 0.40
Error 9 0.115
Total 17
Lake
Variable da.f. M.S. F-Value
Survey Method 2 2.152 3.12
Reoute 4 0.928 1.34
Ssurvey Method x Route 8 0.690 6.80°
Error 5 0.102
Total 19
Estuary
Variable d.f. M.S. F-Value
Survey Method 2 0.712 0.64
Route ] 1.138 1.02
Survey Method x Route 10 1.121 10.62°
Error 18 0.106
Total

! F~tests are calculated using Survey Method vs. Survey Method x

Route, Route vs. Survey Method x Route, and Survey Method x
Route vs. Error.

2P < 0.0001

*p < 0.05
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Table 4. Analysis of variance (including estimates of variance) of the
log, transformed alligator densities by survey method, for
river, lake and estuary habitats.

Aerial

Variable da.f. M.S. F-Value' Variance Estimate

Water Type 2 0.066 0.05

Route {Water Type) 11 1.329 13.922 Var (Route (Water
Type) )= 0.617

Error 14 0.095 Var(Error)= 0.095

Total 27

Sur e Da

Variable da.f. M.S. F-value Variance Estimate

Water Type 2 0.6864 0.82

Route (Water Type) 11 0.806 5.98° Var (Route (Water
Type) )= 0.410

Error 9 0.135 Var (Error)= 0.135%

Total 22

Ni ght L]

Variable d.f. M.S. F-Value Variance Estimate

Water Type 2 2.122 2.22

Route (Water Type) 11 0.954 9.61* Var (Route (Water
Type)= 0.532

Error 9 0.099 Var(Error)= 0.099

Total 22

! P-tests are calculated using Water Type vs. Route(Water Type) and
Route (Water Type) vs. Error.

2 P < 0.0001
Tp<o0.01
‘P < 0.001
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Table 5. Mean density of alligators (per km) by survey method for each

water type.

Survey Method River
Aerial 0.13
Day 0.12
Night 0.15
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FEEDING, REPRODUCTION AND GROWTH IN CAPTIVE
Melanosuchus niger

Luis F. Pacheco A.
Universidad Mayor de San Andrés
Casilla 9641,

La Paz
BOLIVIA

ABSTRACT

A captive population of Melanosuchus niger was studied in
northern Bolivia. The feeding status of the population was
evaluated both by quantity and quality of the food. Data on
reproductive biology and growth were collected and compared
with data from literature about Melanosuchus niger and other
species, and analyzed to evaluate the success and
perspectives of the program.

INTRODUCTION

Crocodilians include some of the most valuable and heavily
traded species in international commerce because of their
high quality skin, this led to worldwide species depletion
and extensive illegal trade (Gaski & Hemley 1988). At the
peak time for the demand of these goods in the 1950s and
1960s, numerous species became endangered (Hemley 1989),
Melanosuchus niger amcong them.

Hunting of Melanosuchus began in Bolivia in 1942 (Medenm
1983; cit. by King and Videz-Roca 1987). It is estimated
that an average of 685 skins of Melangosuchus (caiman) and
Caiman crocodilus (lagarto) were extracted each day between
1940 to 1955 from the Beni plains in Belivia (Claure 198s6).
In 1961 the Supreme Decree N0.05912 established a minimum
size of 2.1 m for caimans hides and prohibited hunting of
the species from 31 July to 1 January (King and Videz-Roca
1987). Nevertheless, hunting continued. A minimum of 31691
caiman hides were exported between 1978 and 1985 (Claure
1986) . Recently (1990) an "Ecological Pause” was declared by
the Govermment of Bolivia, banning all wildlife trade. We
hope that this new governmental guideline will be enforced
with strong actions and heavy sanctions against the illegal
trade.

Knowledge about Melanosuchus is not very good. The most
complete work about morphology, physiology, ethology and
ecology of the species has been done in Peru (Otte 1978).
Medem (1963, 1981, 1983) reports on some aspects of its
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distribution, ecolegy, morphology, growth and parasites.
Information abeout its distribution and conservation is
reported by Plotkin et al. (1983). Herron (1985) provides
more recent information about status, growth and spatial
relationships of the Perd populations. King and Videz-Roca
(1987) make the most recent review of the population status
in Bolivia, and there is a report about the management of
the Melanosuchus population at the hacienda "El Caiman", the
farm where this study took place (Groves 1988).

The main goals of this work were to get some information
about the reproductive bioclogy and growth for Melanosuchus
niger. The study had to be conducted in captivity because of
the low population densities in Bolivia which would recuire
too much time and budget to get some information. The
captive management of crocodilians for conservation and
commercial purposes is very important worldwide at present,
so the importance of these data for the conservation of
Melanosuchus is high and will be useful for future captive
rearing programs and conservation efforts.

STUDY AREA

The study area 1is located at the Hacienda "E1 <Caiman'",
which 1is a commercial purpose farm situated in the
department of La Paz, in northern Belivia. The climate is
similar to most tropical regions of the amazonian part of
Bolivia, so it 1is similar to the Melanosuchus natural
habitats climate.

The farm had, at the time of the study (November 1988 to
September 1989), five pens (Table 1), and a total population
estimated at 130 adults and subadults and a number of
juveniles and hatchlings which changed sharply during the
study. These changes will be described in the results.

Table 1. Description of the pens.

Pen Tot. Area Pond area # caimans TL range
I 1.5 Ha. 0.25-0.75 Ha. 30 1.5 - 3.5 m
IT 0.87 Ha. 0.35=-0.50 Ha. 33 1.5 - 3.5 m
ITTI 0.95 Ha. 0.35-0.45 Ha. 45 1.5 - 3.5 m
Iv 200 m 14-30 m % %k TL < 1m
Vv 0.40 Ha. 0.003-0.40 Ha. 2 3.5 - 4.2 m

Notes.- Pond area is described as a range because it depends
on the season.
** this number changed during the time of study.

It was not possible to catch the caimans in pens I, II,
and III, because of the big size of the ponds, the big size
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of the caimans and the lack of help, so both the exact
number of animals and the sex ratio are unknown. The number
of animals in each of these pens was estimated by spotlight
counts during several nights and the numbers given in

Table 1 are the maximum number of animals ever counted in
each pen. Also the TL was estimated by estimating the length
of the skull (SL) and/or the distance between the anterior
corner of the eyes and the tip of the nose (HL), and
transforming these data to total length by the equations:

TL
TL

-67.46 + 8,39 SL [mm] (1)
106.28 + 16.69 HL [mm] (2) (Pacheco, not publ.)

These relations have an r=0,99 and significance to 99,5 %
according to the "t" test of Student (Spiegel 1969).

The two caimans in pen V are males and were separated
because of their large size and their potential danger for
the other caimans (Monroy, pers. comm.).

Pen I is the "breeding pen", although pens II and III have
both adult caimans.

Pen IV is never cleaned up, not even changed the water.
METHODS

The feeding status was evaluated by the food quantity and
quality given to the caimans at the farm. For the juveniles,
special attention was given to the quantity of food
consumed. For this purpose, the food was weighed before
being offered to the caimans and the remains were weighed
the day after, during three months. A witness quantity of
food was left to the same weather conditions, but out of the
reach of the caimans and other animals, to test the weight
loss or gain of the food attributable to the weather, which
was considered in the calculation of the food consumed. It
was not necessary to do this for the adults, because they
never left any food. The weight (W) of the caimans of pens
I, IT and III were estimated by the equation (3):

log W =1.0753 + 0.0029 TL (3} (Pacheco, not publ.)

This relation has an r=0,97 and significance based on the
"t" Student test of 99.5 % (Spiegel 1969).

The data to build the equations (1, 2, and 3) was
strengthened with data from specimens collected in Bolivia
by Jose Lobac Tello {(JTB 233, JTB 234, JTB 235, JTB 236, JTB
237, and JTB 238), studied at the Florida Museum of Natural
History in Gainesville.
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The reproductive success was evaluated based on available
data from past vears (given by the caretaker of the farm),
and data collected during the reproductive season of 1988-
19839.

For the growth study, the caimans were marked by clipping
one or two dorsal tail scales (Bustard and Choudhury 1981),
and the following measures taken: body length (BL) from the
tip of the snout to the anterior end of the cloaca [mm],
total length (TL) from the tip of the snout to the end of
the tail {mm], and weight (W) [g]. Measures were taken in
November 1988, February 19289, and September 1989. The 1989
hatchlings were not marked until they reached 7 months of
age. This study was seriously affected by the high mortality
of the juveniles, but the data are good enough to draw some
preliminary conclusions.

RESULTS

a. Feeding status.

The estimated biomass of adults and subadults (caimans
from pens I, II, and III} was 6762 Kg. The food offered was
about 200 Kg per week (slaughterhouse remains, red meat and
occasionally fish) at the beginning of the study, and 450-
500 Kg per week since June 1989 (almost only fish). This
means 2.95% of the body mass per week at the beginning, and
6.65 = 7.39 % of the body mass later. Usually the caimans
remained very excited and visited the feeding station long
after the food had been finished.

The caimans were seen catching fish (which live in the
pond) and trying to capture birds (Casmerodius albus, Jacana

jacana, and Anhinga anhinga) which visit the pond
frequently.

The initial biomass (May 1989) of juveniles was 7443 g
(£Eifty 1989 hatchlings, seven juveniles from 1988 and one of
unknown age). The final biomass (September 1989) was 6640 g
(34 hatched in 1989 and 1 of unknown age). The average
quantity of food consumed was 7 % of the body mass per week,
ranging from 5.1 te 8.3 % of the body mass per week. The
food offered consisted always in fresh red meat, although
since April, a light trap was put in the pen, about 15 c¢m
above the water level, for about 4 hours each night, to
attract insects, but this light trap did not work properly
every night.

Besides the insects attracted by the 1light trap, the
juveniles, except the oldest (830 mm TL) were seen catching
insects during the day and eating frogs and toads
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(Leptodactylidae and Bufonidae) which were provided by the
observer (dead or alive) or catched by themselves along the
shoreline of the pond.

The farm is located very far from the urban areas (see
Study area). The food for the caimans was provided until
1987 from the remains of the slaughterhouse, the cattle was
sacrificed at the Hacienda and transported by plane to the
consume centers. Since 1988 the cattle is brought alive to
the cities, so the food became scarce and very expensive.
Red meat 1is provided (when available and in small
quantities) by the slaughterhouse of the Hacienda "E1
Dorado" (part of which is "El1 Caiman") at Bs. 2.5/Kg (about
0.8 $US/Kg). Fish is provided by the people at Bs. 0.75/Kg
(about 0.24 $US/kg).

Neither the adults nor the juveniles are ever given added
vitamins and minerals. ‘
b. Reproductive biology and success.
Data from past years were provided by the caretaker, Mr.
Relando Monroy, and are described in Table 2:

Table 2. Dbata on reproductive success from years
prior to the study.

Year # nests Eggs/nest (Averg.) Natality %

1981 5 38 64,7
1982 4 37 78,0
1983 4 36 10,2
1985 4 34 71,1

In 1987 two nests were found and of an unknown number of
eggs, only 12 hatched in 1988 (Monroy, pers. comm.); seven
of those caimans still survived in November 1988, but died
in June 1989.

The nest building occurs some days to near a month prior
to the egqg laying, which occurs between middle October to
early December; The incubation lasts 93 to 96 days and the
hatching takes place from late January to early March
(Table 3.).

Seven nests were found in 1988, six of them (A to F) in
the "breeding pen" (pen I) and one (nest G) in pen II. The
eggs of all but the nest G were collected by the caretaker 4
to more than 20 days after laying (Table 3), and incubated
in an artificial nest built up by himself. Eggs from nest G
were not touched until the hatching time, when we had to

113




remove them from the nest because hatching could not take
place, because of the nest material compactation. The
hatchlings were vocalizing from 7:00 a.m. to 5:30 p.m, but
could not hatch. Just after the eggs were removed from the
nest, hatching began. For almost all nests, hatching
occurred with a few days or even two weeks between the first
and the last hatching (eggs from the same nest). The nests
found during the study are described in Table 3.

Table 3. Nest characteristics and success.

Ne Dxdxh L.Da Et/Eb Collt. Ha. F.H. L.H.
A 190x150x55 26-0* 35/4 04~N* 3 5-F 7-F
B 220x%220x60 (06-N* 23/4 10=-N 9 9-F 15~-F
C 180x2180x50 10-0*% 41/2 04-N* 10 31-J0 5=F
D 190x190x50 ? 38/12 (04-N* 0 - -
E 180x170x50 ? 38/3 O04-N* 5 2-F 5-F
F 180x170x50 04-D 35/0 08-D 3 il-M 11-M
G 170x150x%47 08-=N 37/1 -. 26 9=-F 25-F

Notes.- Ne=nest; D and d=diameters at the base [cm];
h=height from the ground to the top of the nest [cm]:
L.Da=egg laying date; Et=total number of eggs; Eb=eggs
broken; Cellt.=date of egg collection; Ha.=number of hatched
eggs; F.H.=date of first hatching; L.H.=date of last
hatching; N= November, D=December, J=january; F=february and
M=march; *=data provided by the caretaker.

The eggs are white and the shell is rough. Measurements of
six eggs are provided: 47 x 86; 49 x88; 50 x 88; 51 x 89;
52 x 92; 52 x 93. Only one egg was weighed (just before
hatching)}: 150 g.

The average hatching success for nests A to F (the eggs
incubated in the artificial nest) was 15.6 %, and 70,3 % for
the nest G (from which the eggs were not removed until the
hatching time). Most of the eggs from the artificial nest
which did not hatch contained only decomposed material, only
a few of them contained dead embryos. All the eggs not
hatched from the nest G contained completely developed dead
embryos, it might be possible that these eggs had been
damaged during the collection.

All but the nest D received some kind of protecticn by the
female, they stood near the nest (5 to 20 m from it) all the
time for 2 to 4.5 months. Except females of nests C and G,
all the other females attacked man when approcached their
nests.

The temperature in the nests (in the egg chamber) was
recorded for some nests and as many times as was possible
and/or the female allowed. The results are described along
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with measurements in the artificial nest in Table 4:

Table 4. Average temperatures in the egg chamber.

Nest Artif. A C F G
Avg. temp. 30,14 28,5 28,59 29,25 28,48
Std. dev. 1,28 0,93 0,56 0,25 0,53
# of obs. 11 11 11 2 22

The Table 4 shows clearly that the temperature in the
artificial nest was higher than those of the nests built up
by the female caimans. The variations in the égg chamber
temperature were also greater in the artificial nest, as is
shown in Fig. 1., where the temperatures of the nest C, the
artificial nest, the environment temperature and the water
temperature in the pond at a depth of 5 cm are compared.

Temp. o C
C

35+

2 0 i | L L | | | 1 1

Measure

— Env.T. ~—+t Penl(water) —% Artif.nest —“—nestC

Fig. 1. Variations in the temperatures of the artificial
nest, one of the natural nests, environmental temp. and
water temperature in one of the ponds at a depth of 5 cm.

c. Growth.

The caimans hatched in 1988 were measured and marked (in
November 1988) at the age of 9 meonths and measured again at
the age of 12 months, after which they died. Some of the
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hatchlings of 1989 were measured, but not marked just after
hatched (age of 0 months), and measured and marked at the
age of 7 months. Finally, the two juveniles of unknown age
(the only two caimans older than one year born at the farm)
were measured and marked in November 1988, and only the
oldest, number 09 (the other died shortly after the first
measurement), was measured again 3 and 10 months later (see
Table 7).

The average, standard deviation, maximum and minimum
measurements for body length (BL), total length (TL) and
weight (W) of the individuals of known age are given in
Table 5.

Table 5. Measurements by age.

Measurement 0 Months 7 Months 9 Months 12 Months

BL [mm) 131,42 178,24 182,71 189,14
std Dev. 3,07 8,83 7,74 8,87
Maximum BL 136,00 205,00 193, 00 203,00
Minimum BL 125,00 160,00 170,00 179,00
TL [mm] 283,61 367,27 404,71 415,29
std Dev. 8,86 19,92 20,22 21,78
Maximum TL 300,00 422,00 431,00 447,00
Minimum TIL 266,00 325,00 371,00 383,00
W [g] 75,61 130,59 210,00 223,29
std Dev. 13,16 24,30 43,75 46,41
Maximum W, 93,00 186,00 290,00 288,00
Minimum W. 57,50 75,00 160,00 152,00

Based on the data presented in Table 5, we can calculate
the average increment in BL, TL and weight for our sample
(Table 6):

Table 6. Average increments in the measurements,
considered by age.

Age Total average increments | Average/month
Months  BL TL Weight | BL TL Weight
o -7 46.8 84.6 54.9 6.7 12.1 7.8
7 =9 4.5 36.5 79.4 2.2 18.2 38.7
9 - 12 6.4 10.6 13.3 2.1 3.5 4.4
0 - 12 57.7 131.7 147.7 4.8 10.9 12.3

The differences between the increments in TL and BL are
attributed to individual differences in the BL/TL relation,
and the different sample size for the different age classes.

The data for the two Jjuveniles of unknown age are
presented in Table 7; growth data are presented only for the
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specimen number 09, because the other one (S/N) died shortly
after the first measurement. Increment/month (I/mo.) is
given in [mm].

Table 7. Measurements for the juveniles of unknown

age.
Number BL I/mo. TL I/mo. W I/mo.
S/N 295 - 650 -. 1000 -.
09:
Initial 367 798 2100
3 months 383 5.3 831 11.0 2139 13.0
1¢ months 415 4.8 875 7.7 ? ?

The average growth in TL for the first 12 months of age is
10.9 mm/month, very similar to the average growth of caiman
number 09 (unknown age), at least for the first three months
after the initial measurement. Based on this apparent
regular growth, we can assume that this individual (09) had
been growing an average of 11 mm/month. Then, if we take the
average TL of the hatchlings (283,6 mm) we could expect that
an average animal, with an average growth rate would reach a
length of about 812 mm in four vyears, so our individual
number 09 might have been four years old, and the other one
(S/N} might have been 3 years old.

DISCUSSION

The diet of both the adults and juveniles seem to be poor
in quality, at least at the beginning of the study,
monediets (only fish or meat) do not fulfill all nutritional
requirements, and usually lack A and D vitamins, and
minerals, specially Ca (Whitaker et al. 1979).

The quantity of food offered to the adults at the
beginning of the study (2.95 % of the body mass per week)
was poor. The quantity offered later (6.65 - 7.39 % of the
body mass per week) was within the 1limits suggested by
Joanen and McNease (1987) of 6 % of the body mass per week
plus vitamins, and 10 % (Groves 1988). Yet this diet lacks
vitamins and minerals suggested. Likewise we have to be
cautious about the estimated biomass of caimans at the farm,
because we do not know the exact number of animals (see
Study area). We have also to consider the unknown amount of
food catched by the caimans in the ponds, even if it is not
large.

The quantity of food consumed by the juveniles (7 % of the
body mass per week) is very poor compared with the amounts
suggested by other authors, 25 % for the first year and 18 %
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for the second and third year for Alligator mississippiensis
(Joanen and McNease 1987), 20 % for Melanosuchus niger
(Groves 1988), and 24 - 34 % of the beody mass per week for
Caiman Crocodilus (Rodriguez 1989). But as stated above, the
juveniles were always fed in excess, this means that the
juveniles always left some food. However we have to consider
the food catched by these caimans (specially insects and
amphibians) which could be a great supply of food for them
and also a better source of vitamins and minerals than the
red meat alone.

The egg laying peried found in this study coincides with
that given by Herron et al., {in press), who report egg
laying occurring in October in Peru, and slightly differs
from that given by Medem (1963) who says that Melanosuchus
lay eggs from September to November in Belivia.

Nest sizes are similar to that found by Herron et al. (in
press) 220 x 190 x 50 cm, but different from the 150 x 80 ¢m
size reported by Hagmann (1902); cit. by Medem (1963). The
egg sizes given by the same author (52 x 86 -~ 56 x 97 [mm])
are almost similar to those found in this study.

Herron et al. (in press) report a incubation time of 88
days, which differs only slightly from curs (93 - 96 days).
Medem (1961); cit. by Vasquez {(1981) reports a incubation

time of .62 = 93 days; we never found such big range.

The reproductive success in years prior to the study was
irregqular (Table 2), with hatching rates ranging from 10.2
to 78 %, and the mortality of those caimans was near 100%
(only two animals older than one year were found at the
beginning of the study). This problem continued with the
1988 hatchlings, all of which died before 16 months of age.
It also affected the 1989 hatchlings: from 56 hatched from
January through March, only 34 survived by September 1989.

Observations during the c¢ollections of eggs from the
nests, and the higher and more variable temperatures in the
artificial nest where the eggs were incubated, suggest that
the irreqular hatching rate in years prior to the study and
the year of study itself could be attributed to improper
management of the eggs during both the collection from the
nests and the incubation. One preoof for this hypothesis is
the fact that nest G (from which the eggs were not removed)
had higher hatching success.

The growth of the Melanosuchus (1.1 cm/month for the first
four years) at the farm is poor compared with the growth of
other species in captivity, Crocodilus moreleti reaches a TL
_of 105 cm in three years, (Hunt 1980), this means an average
of 2.27 cm per month. Joanen et al. (1987) observed that

Alligator mississippiensig reaches a TL of 933 - 1041 cm in
12 months and 1035 - 1181 cm in 18 months. For Crocodylus
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acutus, Rodriguez and Rodriguez (1989) reported an average
growth rate of 2.2 cm/month for the first 467 days of life.
Rodriguez (1989) reported a growth of 2.03 mm/day, about 6.1
cm/month for Caiman crocodylus.

There are few data about the growth of Melanosuchus niger:
data of a caiman which grew from 90 cm to 275 cm in seven
years is provided by Dowling & Brazaitis (1966); cit. by
Medem (1983); this means about 2.2 cm/month.

Data from ancther animal are as follows:

Sept 1977 TL=62.5 cm
May 1979 TL=66.9 cm
May 1981 TL=79.0 cm
Jan 1982 TI=85.3 cm

Water temperature was 19 -~ 24 °C (Medem 1983); this means an
increment of about 0.4 cm/month.

Otte (1972) separates Melanosuchus niger in size classes,
giving a maximum total length of 49 cm for the 1 year
specimens, a range of S50 ~ 79 cm (TL) for 2/3 vyear
specimens, and 80 - 109 cm (TL) for 3/4 - 5/6 year
specimens. These data support the estimate of 4 vyears for
the individual number 09, initially of unknown age.

In Peru, wild Melanosuchus ranging in size (body length)
from 25 cm - 116 cm showed an average growth rate in body
length (BL) of 8.6 cm/year (this means 0.71 cm/month), with
range 5.6 to 12.0 cm/year, which is 0.46 to 1.0 cm/month
(Herron, in press). Then, our data of 0.48 cm/month (BL),
ranging from 0.21 to 0.67 cm/month for the one year
individuals, and 0.48 to 0.53 cm/month for the four year
individual are near the lower limit given by Herron’s
observations.

The mortality and low growth rates might be attributed to
the poor food quality and quantity, and to the lack of
hygienic care both of which contribute to illness
propensity. Bacterial infections, 1like Salmonella can
destroy a captive rearing program by reducing growth rates,
skin quality and increasing mortality (Crocodiles as a
Resource for the Tropics 1983).
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INTRODUCTION

Crocecdile farming in Africa and in mest other countries
started in the mid 1960's. As the populations of wild
crocodilians continued to decline through over-
expleitation and habitat destruction, farming and
ranching became an acceptable form of utilising a
valuable natural resource. Inevitably too, because the
leather Iindustry required the most valuable hides,
namely of Crocodylus porosus, €. niloticus and Alligator
mississippiensis, the major propeortion of the research
effort focussed on ecological studies and management
programmes designed to safeguard these three species,
and, over the years, into all aspects of husbandry and
captive propagation. Some impressive fechnological
advances have been made in this field, also important
management related aspects of the species bio-chemistry,
physiclogy and behaviocur. There is now availlable an
impressive volume of data contained in numerocus
scientific journals and in three books that have been
published in recent years. There is no doubt that the
Crocodile Specialist Group, through the holding of nine
meetings in several countries over the period 1971 to
1990, has managed to generate considerable regional
input and enthusiasm intoc many avenues of crocodilian
research, and the number of delegates attending this,
the 10th C3G meeting is preoof of that.

The crocodilian congress 'Preduction and Marketing
Strategies for the 193%0C's' organised by the American
Alligator Farmers Association at Tampa, Florida, in
February 1989, was also a very important milestone in
crocodilian conservation.

Hewever, if one anazlyses the research findings and
reports that have appeared in recent years, the bulk of
these are concerned with and favour capital intensive,
high technelogy, high production commercial farming and
marketing strategies which are predominantly First World
Agriculture. Small, capital poor, low level technology
or subsistence farming projects, which are mainly Third
World Agriculture, have been largely neglected.

My views on this were re-inforced when in a letter dated
19 January 198C, Prof. Wayne King wrote that a paper I
had presented at the 1st Working Meeting of the
Crocodile Specialist Group, held in New York, March 1371
had been identified as one that should be included and
translated into Spanish, for a compendium on crocodile




farming to be made available for the 100 or so new farms
that are underway in Central and South America.

My presentation for this workshop has been written for
the aspirant farmers living in remote regions, perhaps
without electricity, refrigeration, incubators and
contrelled environment rearing units, or the benefit of a
nearby veterinary laboratory and/or knowledgable personnel
at hand to advise on husbandry and management problems. 1In
fact, it is an update of the 1971 paper "Crocodile Rearing
and Restocking",

1. LOCATION QF A CROCODILE FARM OR RANCH.
When selecting a site, several factors should be
considered.

1.1. WATER

l1.1.(a} The volume of water available throughout the year,
especially over drought periods. The distance to pipe
water to the ponds, or via irrigation furrows, whether
a bore-hole, a windmill or mechanical pump is required
and the relative efficiency and costs of these systems,

1.1.(b) The storage of water should be considered.
Provision of reservocirs or supply tanks can be
important and in the event of failure of pumping
equipment such a reserve supply may prove vital to
the health and survival of the stock. A system of
recycling water may be practical whereby water pumped
from a river to storage tanks 1s gravity fed back
through the ponds, drained into a series of inter-
connected well vegetated ponds, or through an area of
natural swamp back to the source of supply.

1.1.(c) Water gquality should be investigated. Samples
should be tested for salinity, acidity, effluent from
industrial operations, agricultural pesticides and
fertilisers, or for chemicals that may be undesirable
from natural mineral springs. River water that flows
from an area densely populated by humans and livestock
may well be contaminated. Samples should be sent for
bacterial analysis.

1.1.(d) Water clarity is also a factor to be considered

especially if pumped directly from a river carrying a
- heavy silt load straight to the ponds. Apart from the

management problems of not being able to see the
crocodiles, or perhaps find dead animals in the water,
pools become more difficult to clean, and pipelines
become clogged with silt and sludge. This problem can
be eliminated by drawing water from a well close to
the river so that water pumped percolates through the
sand or mud and is thus filtered. Filtered beds of
gravel, or pumping water into settling tanks may be
required.




2. EFFLUENT DISPOSAL.

2.(a) Liquid Effluent.

In remote sparsely populated areas the discharge of
large velumes of contaminated water from crocodile
ponds back into a river system may not be a problem.
Cn the other hand in some localities it could pose

a health problem te¢ humans. This aspect has to be
investigated and discussed with officials of the
departments concerned with water affairs, and health
before the project is built. Provision may have to be
made for the building of effluent treatment dams.

2.(k) Solid Effluent.

Apart from water from creocodile ponds, there is solid
effluent from food processing. Offal disposal pits
are recommended for this purpose. (See Fig, ). They
are an efficient and inexpensive method of dealing
with this problem, as opposed, for instance, to fuel
burning incinerators.

2.(¢c) Utilisation of Effluent.

As previously menticned the provision of a series of
shallow effluent dams for the disposal of water rich
in nutrients direct from the crocodile ponds has
advantages. Firstly, because large volumes can be
disposed of by evapcration. Secondly, these ponds,
when stocked with fish, can produce substantial and
regular harvests of fresh-fish for the crovodiles.
Thirdly, after filtering through natural well-
vegetated ponds, this water can be re-~cgycled.

3. FOOD SUPPLY

The economic viability of the project depends to a
large extent on the availability and regular scurce of
good quality foed, (See section on DIET). This falls
into three categories:

Red Meat: Donkeys, horses, mules, goats, wild game etc.

Figh: Freshwater, marine and trash fish, deep-frozen
fish ete.

Poultry: Day-old chicks and mortalities of adult birds
from poultry farms, poultry condemned for human
consumption etc,

The cost of food, must alsc inelude transport and/or
deep freeze costs per Kg that is purchased. - bone meal,
carcass meal or vitamin supplements if these are to be
used.

Costs should take inteo account that 40 - 4% Kg of food
is required to grow a hatchling up to culling size.




CLIMATE

Crocodile hatchlings do best at 30 - 34°C for maximum
growth and below 20°C growth is minimal. Thus the
location of the project is most important and if
available, temperature data for the proposed area
should be studied carefully. Winter temperatures and
the duration of ¢old or cocler weather, the incidence
of frost, and prevailing wind force and chill factor
are of particular importance,

REARING POND3

Type of pond

The type of rearing ponds to be built depends on the
nature of the soils and the availability of building
materials. Natural earth dams are suitable where the
soil type is of c¢lay or heavy loam with good water
retaining properties, and these dams are inexpensive
to build. In sand areas it may be feasible to use a
heavy grade of plastic irrigation sheeting, or a
cement lining to seal ponds, but in shale or sites
where underground rock formations ares found, cemenct
dams will be required.

Siting of ponds

The ponds should be sited to receive the maximum
amount of sunshine, particularly over the winter
months. The direction of local prevalling winds
should be taken into account and the drainage of the
ponds iz impertant. If these are built on a sloping
hillside drainage is far easier than if the ground is
level. The drainage system must be efficient as it is
nct desirable to allow water fouled in the ponds to
stagnate near to the rearing pens.

BUILDING REQUIREMENTS

In order to maintain up to 2000 or more crocodile
hatchlings it is useful to have the following:

General office

A structure of about 4,5 m x 3 m x 2,1 m for keeping
of records, storage of drugs and as a general office
for the owner or manager. A toilet and wash basin is
built adjacent to the office.

Room for freezers

A structure of 3 m x 3 m x 2,1 m for housing x 2
paraffin or gas operated deep freeze units of

10 cu.ft. capacity each are useful for storage of
fresh frozen food.




Food Preparation Shed

A similar size structure built over a 3 X 3 m smooth-
plastered concrete slab with the floor sloping to a
central drain which acts as a food preparation shed.
This is open on cne side and this and the door should
be fly~screened. The drainage pipe sunk into the
centre of the floor can be led to underground soak
pits, but preferably to effluent dams stocked with
fish, and into which effluent from the hatchling ponds
is also drained.

In this shed, sawn off logs, or robust cutting blocks
are needed and wooden cutting boards for cutting on
and to serve as feeding trays. Heavy duty butcher's
steak knives, meat saws and machettes are used to
process animal carcasses, poultry and fish., Hooks
suspended from a roof bheam are useful for hanging and
skinning carcasses. Cut up food for immediate feeding
is packed onto the feeding trays, the remainder packed
into plastic bags for freezing.

Storeroom

A fourth building for the storage of tools, fish
netting equipment, cutboard motors, spades ete. is
also useful.

These buildings can be constructed of cement blocks
and good ventilaticn via windows and air bricks is
necessary. Roofing can be corrugatéd asbestos or iron,
reeds or grass, or alternatively the entire complex
can be constructed of bush poles with reed walls and
roofed with reeds or palm leaves.

Labour force

A labour force of three workers is needed fgor the
preparation of food, actual feeding, pond maintenance,
fishing and gear maintenance etc. for this number of
animals.

Offal Disposal Pit

This is a simple but effective way of disposing of
unwanted offal i.e. the intestines, rumen and stomach
contents of large animals, skulls, hooves, poultry
feathers, fish heads and innards. This unit (Fig. 1 )
should be sited at least 100 m distant from the food
precessing area or nearest ponds and serves the
purpose of dealing with disposal of offal, and
eliminates flies and the odour of rotting material
from, for example, an open pit. These units can be
made by using plastic or rubber refuse bins if the
ready-made fibre glass models are not locally available.




7. RECCMMENDED TYPES OF REARING PENS

7.(a) Single unit cement rearing pen

An important requirement 1s that the pools should be
at least 60 cm in depth, otherwise the water becomes
too hot in summer. The pool floor should be sloped
towards the drain outlet pipe, to facilitate cleaning
and washing away of uneaten food particles. Ideally
the outlet pipe should be 10 cm in diameter, with a
stopcock outside the enclosure, so that the pool can
be cleaned and emptied both efficiently and guickly.
It is essential to place a screen in the drain plpe to
prevent crocodiles escaping or from being sucked cut
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 dislodge this
growth. Small amounts of copper sulphate in the water
will help control algae, if used regularly.

The entire pond and apren 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 hosepipe can be led to pressure-
spray and clean the entire pool and its apron.

An important part of the design is a partly-submerged
and gently-sloping ledge, some 45 cm in width, around
the perimeter of the pool. This provides a shallow
resting zone for the crocodiles and allows £asy 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 poel is calculated to
allow ample basking room for each animal, 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
net be larger than 1 c¢m mesh, otherwise hatechlings
will injure themselves by trying to climb through this.
Young crocodiles can c¢limb 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 (planking, sheet iron, tin or
plastic sheeting) placed against the wire netting
flush with the floor prevents them from celimbing up
the fence to a height, and then dropping back onto the
concrete below.

These pools are useful for summer because they can be
scrubbed clean and because the velume of water used is
small. Normally they need only be emptied, cleaned
and refilled every third day and there is no wastage
through seepage.
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The main disadvantage is that cement is a cold surface
in winter and crocodiles will be prone to respiratory
ailments. If local winter night temperatures of the
water or of the air are likely to fall to the 7,2°C,
this type of pond would not be suitable. Care must be
exercised while cleaning these pools, to avoid a
crocodile injuring itself by falling into the empty
pool. See Fig. 2.

7.(b) Trickle system cement rearing pen

The advantage of this system is that during hot summer
weather, when crococdiles are feeding at their maximum
rate, 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
pocl is drained and scrubbed clean weekly, as is the
entire floor of the pen which is smoothly plastered.
The enclosure embodies the same design requirements as
seen in Fig. 3.

The pool should be circular or cone shaped, at least
50 om deep at the edges and 60 cm in the centre., An
earthenware bend of 10 cm in diameter is sunk flush
into the centre of the floor and into this fits a
rubber plug. In this a 5 ¢m diameter hole ig bared,
through which a 66 cm length of polythene pipe is
fitted vertically into the Plug so that it can be
pushed in or pulled out as required. A wire mesh
shield is fitted over the tep 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, so that it can easily be pulled ocut
when the pool is to be cleaned.

7.(c) Isolated earth rearing pond pen

These are ideal for use in climates where low winter
temperatures are likely to cause respiratory illness
in the young animals. Earth pcols are easy and cheap
to build and are a 'natural' habitat where vegetation
can be planted, small live fish introduced, while
insects, frogs and cther creatures attracted to the
dams will be an important additiom to the diet and
health of the crocodiles.

During cold weather the crocodiles 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 a
level site this precaution is not necessary. The

T crocodiles burrow into the bank above normal water
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7.(d}

level and may tunnel beyond the fence line. Normally
this will not matter since the burrows will be well
below ground level, but if the pool stands on a hill
slope the lower fenceline should be buried deep
enough to intercept the burrows.

The enclosure fence should be of 1 cm diameter mesh
netting for young crocodiles, huried to a depth of

1 m, to exclude burrcowing 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 therefore should be
rocofed, for which a broad-mesh grid made of 14 guage
wire is suitable.

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

Drainage is effected by a central pipe and the water
siphoned out as in the previous system. The
disadvantages of earth dams are that they require a
larger volume of water to allow for seepage, and
require more maintenance. Earth dams cannot be
efficiently cleaned. Ewven 1if they are provided wich
a4 system of constantly circulating water they
eventually become fouled, particularly during hot
weather when feeding rate is at its maximum. Ideally,
one should have only half of the availablie number of
poccls occupled at a time, so that they can be used in
rotation. In this system, the animals can be moved
to fresh pools when necessary, leaving the ’used!’
pools to be drained and allowed to dry out and hake
in the sun. After a period of rest these will be
¢lean and ready for use again. (See Figures 4 and 5).

When the crococdiles are to be remcved from an earth

dam they will prove difficult to capture with a hand
net since most will take refuge in their burrows. A
simple capture method is tc make tubes from 1 cm mesh
wire netting about 45 e¢m in length which are firmly
pushed inte the burrow entrance and their bases packed
around with mud. The tubes are tilted upwards at a
glight angle and held in place by prop-sticks. The
pool is then drained completely and when the crocodiles
venture out, they can be easily caught.

Double-Unit Cement Pond System

This system (See Figure 6) was found to be the most
efficient for management purposes. A major advantage
is that with two ponds, they can be drained and
refilled on alternate days, which is less stressful
te the crocediles which soon learn to move over to




the full pond when the other starts emptying.

Secondly, the inflowing water may be colder than the
water in the ponds, so that by moving to the full
pond, the c¢rocodiles are not subjected to a sudden
change in temperature which is harmful.

Thirdly, the design allows for normal drainage of
pends, but the floor of the pen sloping towards the
lower section where the overflow skim weirs are set
inte the concrete, allows for better hygiene. The
entire pen c¢an be flooded so that the individual
pends overflow over the perimeter lip and grease,
fat and oil, is skimmed off the surface of the water
and the entire pen floor hosed down and cleaned.
This impreves overall hygiene and reduces the
incidence of eye infections and fungal infections.

With the gently sloped access area, the crocodiles
can emerge easily from the pond, and this reduces
the risk of injuries caused by *piling' when a
worker commences scrubbing the empty pond flcor.
The animals also do not attempt to Jump or climb
one over the other to escape from the pond, a
practise that results in injuries,

Another advantage is that during cold weather or at
night, heavy transparent plastic sheeting can be
overlaid on a framework of poles over one of the
ponds, about 30 cm above the surface. This raises
the temperature considerably and also provides
shelter from cold wind and rain.

Note also that as with the other units, the corners

are rounded and this reduces the tendency of
hatchlings to form piles.

HATCHERY DESIGN

The hatchery must be sited a good distance from the
rearing pends to avoid the danger of disease trans-
ported by flies, attracted to discarded egg-shells

and in turn to food in the pens. It must have a sunny
aspect and be situated away from footpaths and roads
for the reason that developing embryos are sensitive
te vibration, and undue disturbance near nests can




cause premature hatching.

The hatchery of 11 m x 10 m is suitable for
accommodating 25 clutches of eggs. (See Fig.7 ) It
can be constructed by using 12 cm diameter poles,
spaced at 2,5 m intervals, buried to a depth of 1 m,
while protruding above ground to a height of 1,85 m.
Galvanised wire 4 mm diameter is nailed around the
framework of poles at roughly 30 cm levels between the
floor and the roof as a frame for chicken or bird mesh
(1,5 em diameter wire netting).

The wire netting is buried to a depth of 60 cm around
the perimeter to exclude burrowing predaters, and tied
te the galvanised wire. Along the top of the perimeter
fence a 30 cm strip of wire netting prevents crocodiles
from climbing ocut and escaping. It may alsc be
necessary to use wire criss-crossed over the hatchery
to exclude avian predators.

The gates, 90 cm wide and about 1 m in height and
opening at a height of 6C cm, can be left open when
the hatchery is inspected without risk of hatchlings
escaping.

If desired, the passageways may be roofed with 70%
shade cloth, reeds, or palm leaves to provide shade
and shelter during rain for personnel checking and
walking within. During heavy rains and storms each
nest should be covered over with a sheet of plastic,
canvas, rubber mat or similar material e.g. empty
fertiliser bag to prevent excessive nest flooding
and lowered nest temperatures.

The hatchery can be constructed by using plastic
sheets, shade cloth, a thick layer cf reeds or bamboo,
or poles if wire netting is not available,

9. LOCATICON OF NESTS AND EGGS

9.(a) From a boat, crocodiles may be seen plunging off
the riverbank cor from lake shore at the approach of a
boat or the sound ¢f a motor and the site is then
investigated.

9.(b) Claw marks and scrapes onh the lip of the river-
bank caused by crocodiles emerging or éntering water
usually indicate nest sites during the breeding season.

g9.(e) Walking along a riverbank or lake shore, crocodiles
may either be found lying up over nests, guarding them
from nearby, seen walking or running off, cr heard
crashing through the undergrowth or splashing into the
water,

9.(d) Nest sites are generally characterised by a bare
pateh of soil (for hole nesting species) surrounded by
flattened vegetation. The surface soil is scmetimes
found to be moist, may have a strong odour, or imprints
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11.

unnecessary disturbance of digging up other eggs
that may not yet be full term and ready to hatch.
Also, sc that it is easier to calculate when after the
first hatchlings emerge from a particular clutch, how
many days the remaining eggs should be left before
manually opening these to assist them to hatch.

TRANSPORT OF EGGS

Corrugated cardboard hoxes, plastic crates, wooden
boxes or polystyrene boxes are all suitable for egg
collection. The latter type have the advantage of
being lightweight, waterproof and maintain the eggs at
an even temperature,

The boxes must contain straw, dry grass, or even
leaves, rushes or aquatic vegetation gathered near the
nest site onte which the eggs are carefully packed and
with thick padding between each layer and between
individual eggs to cut down on movement or denting if
eggs roll around inside the box. The packing can be
liberally sprinkled with water until almost soggy to
maintain a high humidity in the box during transport.

Alternatively eggs may be packed in sand from the nest
but the weight of a full box, the distance it may have
te be carried from the nest sites tc a wvehicle, boat,
cange or other craft is not very practical. Alsgc the
vibraticn during vehicular or beat transport, causes
the sand to shift leaving the eggs to rub one against
another, and breakages or dented eggs are the result,

Once packed, each container with a separate clutch
must be clearly marked, and a note of the date of
cellection and clutch size recorded.

For transport by vehicle it is essential to lay at
least a 30 cm thick layer of dried grass or similar
padding as a mattress on the back of the vehicle %o
cushion the bumping and jelting of travel over rough
roads or terrain. The boxes toco should te firmly
wedged in position, if necessary with packing between
them to prevent movement of these.

Shade is again important and a vehicle canopy is
useful, or cut, well-leafed branches may serve the
same purpocse.

It is cbviously better to transport eggs back tc the
hatchery as soon as possible, but this largely depends
on prevailing temperatures. Suitably packed eggs can
be transported by air, boat or road for several days,
but when the internal air temperatures of the transport
boxes fall to and below the 28- 30°C level, there is
likely to be a high mortality of eggs.




12. PRE-INCUBATION PROCEDURES

When the eggs have been transported to the hatchery,
and before artificial incubation starts, the following
procedures should be followed:

12.1, A nest record card for each clutch of eggs
collected should be prepared, recording serial number,
date collected, locality and clutch size.

12.2. The eggs from each clutch collected should be
carefully examined for the following: the number of
pierced, dented, flattened, rotten or cracked eggs.
Rotten or addled eggs can generally be detected by
odour, a glazed or disccloured, epaque, or greyish,
blue-green shell colouration, or because these eggs
welgh less than healthy eggs, or because the contents
of these suspect eggs when gently shaken, are
obviously full of liquid, in comparison to healthy
eggs. Healthy eggs develop an cpaque white spot on
the upper surface within 24 hours of being laid if
they are fertile. Eggs, or scme of the eggs examined
in each clutch that do not show this spot may be
considered to be infertile. This white spot extends
laterally and forms a complete band by about 4 days,
and this band expands until it is of even width at
8 - 10 days.

12.3, Record details of the number of damaged or suspect
€ggs on the nest record card. All cracked, pierced
or rotten eggs should be removed from the clutch to be
incubated because these will go rotten in the nest and
apart from attracting ants and various insects, can
contaminate and spoil healthy eggs, particularly if
they leak fluid onto others below them. Various fungal
growths may develop and spread, also gases which are
harmful to healthy eggs. :

13- ARTIFICIAL NESTS

Within the hatchery, artificial nests are excavated

in the seil in parallel rows, allewing a footpath

1,5 m wide between rows, and spacing nests 1 m apart.
A nest cavity of 45 cm in diameter is adequate, even
for large clutches and should be dug to a depth of
about 50 cm. The eggs are then buried in the same
position as found and removed from the wild nests.
Packing eggs one layer on top of the other allows for
and promotes humidity. The soil should be damp enough
te squeeze a handful into a form. The depth at which
the top layer should be buried below the surface
depends on the soil type. 1In heavy locam or clay, they
should be 15 te 20 cm deep and in fine river sand 30
To 40 cm deep. It is advisable if possible to bury
them in the same soil type as was found in the wild.




A suitable nest temperature range is in the region of
28° to 34°C at an average depth of 30 e¢m. This should
be checked at intervals. 1In the early morning and at
two-hourly intervals through the day till dusk. From
these temperature recordings it will be possible to
establish whether scil should be remcved, or added
over the nest site to achieve the desired nest
temperature range.

Each nest site must be identified by 1its serial number
and preferably date of collection and eclutch size as
well, This is essential sc that the progress of
individual clutches can be monitored e.g. the date on
which hatching commences, as some eggs from a cluteh
may hatch earlier than others, some prematurely, whilst
others may require up to an additional 14 days of
incubation. Generally, once hatching commences and the
hatchlings are seen to be normal, the remaining eggs
are not left to incubate more than 10 days. If the
natchlings are premature (i.e. with extended abdomens)
the remaining eggs may be left up to 14 days, after
which period they are manually opened and should
survive even if still premature. Often perfectly
developed unhatched crocodiles become entangled with
the umbilical cord within the egg and are unable to
hatch out, or the actual shell may be abnormally thick.
Unless these eggs are opened the young will perish.

In areas of low summer rainfall or over drought periods
it is advisable to check the moisture content of the
soil of one or two sample nests weekly. If necessary
the nests can be sprinkled with water until the soil
around the eggs is suitably damp for it is essential

to maintain a humidity level in excess of 80% and
preferably higher. These inspections should be done
either in the early morning or late afterncon. In fact
even 1f the young are heard croaking in a nest during
the heat of a very hot day, rather leave them and then
open the nest when it is cooler.

As incubation progresses, the egg shells may crack
extensively and pieces may peel off. Providing the
nest soil is suitably damp this is not harmful. Sheould
the soil become dry, the inner rubbery skin of the egg
will harden and adversely affect hatching success.
Dried out eggs should bhe thoroughly wetted to soften
the skin. )

The incubation period and nest temperatures vary from
one species to ancther. For the Nile Crocodile - from
84 - 90 days at 289 to 349C, on average. The
Spectacled Caiman 70 - 90 days at 28° to 32°C;
American Alligator 65 - 70 days at 28° to 34°C. But
the pericd of incubation depends on weather conditions
and nest temperatures, and incubation may thus extend
for up to 7 to 14 days beyond the normal pericd,




14,

If after collecting newly laid eggs the normal
incubation period for them elapses, without any sign
of hatching, the nest should be visited twice daily
and the surface gently patted. This action often
triggers a response from the young who then commence
croaking or yelping to indicate that they are ready.
The scil is then scraped away and the hatchlings
placed into suitable containers and removed from the
hatchery. The reascn for this is that other nests of
eggs not quite ready, may also be stimulated to croak
and when dug up are found to be premature., Eggs that
do not immediately hatch may be covered over again
and the procedure repeated over successive days until
either they de hatch naturally, or need toc be manually
cpened. This is the reason why nest record cards,
recording dates, numbers hatched, and the number of
eggs remaining in each clutch, are essential to
management.

No attempt should be made to break the umbilical cord
of a hatchling still attached to the empty egg-shell.
This cord will soon dry out, become brittle and snap
off of its own accord. After opening a nest all the
egg shells, rotten eggs or dead embryos must be
removed from the hatchery as well as soil impregnated
with {luids, to avoid attracting insects.

Initial trials invelving collection, transport and
artificial incubation of eggs as described, resulted
in a hatching success of 76,62% and with experience a
higher percentage should he feasible.

POST HATCHLING CARE

Hatchlings are normally kept for at least 24 hours
before being placed in the rearing pens, and then only
if the umbilicus has completely closed and the cord
has come away cleanly. Any that may be premature
(shown by the extended yolk sac) are retained until
such time as the yolk sac has been absorbed and the
umbilicus closed.

It is advisable to maintain these newly hatched animals
in a dry room or, if in an outdoor enclosure, this must
be predator proof, and allow for sunlight as well as

an adequate area of shade. Newly hatched and young
¢rocodiles tend to form piles and death by suffocation
cemmonly occurs if toc many are placed in one area.
Small compartments housing a maximum of 20 to 30
hatchlings eliminates this hazard, and also makes it
easier to grade the crocodiles into size groups.
Hatchlings from young females may only measure 25 cm,
whilst larger females laying bigger eggs can produce

34 cm long offspring.

The floor of the post hatchling area should be Kept as
clean as possible and thoroughly washed with a strong
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16.

sclution of Potassium permanganate or chlorine and
scrubbed after removal of each group of young, as
umbilical infections are a cause of mortality of
newly hatched young. As a precaution the umbilical
area of each hatchling can be sprayed with Gentian
Viclet aerosol when they come in from the hatchery.

POST HATCHLING MORTALITIES

Mortality often is related to embryo development
caused by too lew or teo high temperatures during
incubation. It appears to run in ¢lutches and
hereditary factors may be responsible, Eggs incubated
at high temperatures of 35°C and over may produce
hatchlings with arched or laterally twisted spines,
spiral tails, stump tails and jaw deformities. But if
the farmer has collected wild laid eggs already in an
advanced stage of development, from nests inadequately
covered by soll, he has little control over the progeny
from these eggs.

Likewise, a high proportion of embryo failures may be
attributed to low nest temperatures as well as humidity
levels and the importance of incubating within the
recommended range - particularly safeguarding against
sudden fluctuations of temperatures, cannot be over-
emphasised.

STOCKING RATES

There is usually a tendency on commercial farms to
over—-stock rearing pens. This leads to greater
competition for food, an increase in fighting and
bullying by the stronger, more aggressive individuals,
which in turn results in a greater number of injuries
and weounds and possible sources af wound iIinfections.

A lower, or sensible stocking rate results in a2 more
even growth rate per crocodile, but most important is
the fact that the cverall health of the crocodiles is
of a higher standard than in an overcrowded pen. Thus
disease problems are reduced and the symptoms easier
to detect, as are injured animals in a smaller group.

Joanen and McNease (1979) also comment that careful
attention must be given to keeping stocking densities
at a safe level, i.e. no more than one alligator per
C,3 m® per animal.

For C. niloticus opinions differ. Blake {1974)
considers that each young of the year should have
available a minimum area of 0,09 m?. After a year,
0,18 m?*, Van der Riet (1987) prescribes a stocking
density of 0,56 m® per animal.

The stocking densities as described for types of pens
recommended herein for €. niloticus were found to be
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satisfactory.

An advantage of housing young stock in individual pens
from $ to 8 m apart, as opposed to ponds adjacent to
one ancther, is that there is less danger of an
infectious disease spreading rapidly from one pen to
another. The cleaning of pens, the stress and
disturbance when capturing sick, injured, or sick
animals for grading purposes and transfer to other
pens, is much reduced.

But in the planning and design laycout of the rearing
pens the cost factor has of course got to be considered.
Even so, there should be additional pens alliowed for
intensive care of sick, injured or weaker animals, no
matter what overall layout is decided on.

It is essential to maintain a register of numbers of
animals per pen, including mortalities, and alsoc to
keep track of numbers and movements when animals are
size graded during the first year of growth.

DIET AND NUTRITIONAL REQGUIREMENTS

The diet, growth and nutritional requirements of the
Nile crocodile has been reported on in numerous
publications and the dietary deficiencies, diseases
and effect on growth reported on in some detail.

There are basically two classes or size groups of
crocediles for the commercial farmer to be concerned
about. These are:

a) Hatchlings and up to the 1,5 m sigze group
ready for culling and

b) Adult breeding stock, or those animals in
excess of 2,5 m in total length.

In the natural state the first group subsist on aguatic
and shore-line insects, spiders, snails, tadpoles,
frogs and fish fry. Later, taking crabs, shrimps and
prawns, frogs and fish as well as some of the smaller
creatures.

Adults on the other hand require a much larger volume
of food and in nature would take a greater percentage
of fish, crabs, reptiles, birds and mammals - from
small to quite large prey. 1In fact, a considerable
change in diet.

For the commercial farmer who may house up to 3000 -
5000 crocodiles in category (a} it is almost impossible
to obtain, or even approximate the diet and volume of
foed normally eaten by these young animals. Several of
us have tried various kinds of insect and light traps,
but with somewhat unsatisfactory results. The large
scale breeding of mealworms, crickets, fresh water
snails, frogs such as platannas, fish etc. are all
sSchemes that have been thought of from time to time.
All are labour intensive, and at best would be a
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valuable dietary additive to feeding a few thousand
hatchlings - but never by weight be sufficient to feed
a large population all year round.

Some crocodile farmers are fortunate in that they live
alongside lakes, rivers and pans where fish can be
readily harvested or where fish can be farmed., Others
live in areas climatically unsuitable for fish farming
and are thus dependant on artificial foods. In this
category are lncluded poultry in a variety of forms.
Day=-old chicks, broilers, adult fully feathered or
plucked birds ete. Usually the mortalities from
poultry farms - culled hens or deep frozen chickens
that have exceeded shelf life.

Secondly, varieties of commercially available salt
water fishes can be purchased from time to time from
the larger distributors, at fairly reasonable prices.
But, like the poultry industry, the supplies are
likely to be seasonal and cannot be relied upon,

The third category is that of red meat, which includes
horses, donkeys, beef, goats etc. This is also not a
guaranteed supply, usually the most expensive food to
buy and deep freeze facilities for bulk consignments
may be necessary. Otherwise transport and labour
costs can be very high merely to process a small
consignment.

Most of the commercial farmers feed a bulk diet of
poultry - and include a certain amount of offal such
as lungs, ocesophaegus, spleen and donkey meat. A few
have access to venison by-products, but this is
normally low grade food.

Nutritional deficiencies result from these diets. The
most frequently encountered being calcium defigiencies
from feeding a mono diet of chicken. It is also
doubtful whether adults extract sufficient calcium from
chickens alone for egg production and calcium in some
form should be added.

Bone meal or carcass meal which is inexpensive and
commercially available in 25 kg bags has been found to
be satisfactory. Lack of calcium in the diet may only
become apparent in young stock towards the end of their
first year and is often irreversible. Common symptoms
are permanent posterior paralysis, kinking of the spine,
uneven growth of the jaws, and failure to regenerate
teeth.

Another problem frequently encountered is gout. This
is often caused by overfeeding and encountered more
commonly during the winter months. It may be caused by
fatty foods - some breeds of poultry seem to be
particularly fatty or from oily fish. It is
recommended that fat should be cut from red meat
portions when feeding to crocodiles.

142




Coulson and Hernandez (1983} describe the metabolic
depression that occurs when temperatures fall to below
20°C. The animals then cannot synthesize protein
efficiently. Gout ensues, normally seen as paralysis
of the limbs, enlarged or distended limbs and digits,
and unless food is withheld until the animal recovers,
an accumulation of urates can be deposited in the
kidneys and jeints leading to organ malfunction,
locomotory difficulties, and eventually mortality.
Bloat is very similar and no food should be offered
until the animals regain a normal appearance.

Wallach and Hoessle (1968) reported mortality of
alligators from steatitis., In all cases the cause was
atiributed to low vitamin E content in the diet
cempounded by the presence of a high percentage of
long chain polyunsaturated fatty acids or rancid fish
oils in their diet of smelt, a marine fish species.
They found evidence that rancid or unsaturated fatty
acids oxidize vitamin E making it unavailable to the
animal. Vitamin E has the function of preventing
oxidation of adipose tissue.

Lance et al (1983) are of the opinion that as in

other animals fed diets of marine fish, reproductive
failure almost invariably occurs and this is
attributable to a low vitamin E level. They postulats
that an animal that produces a clutch of 30 - 40 eggs
sach weighing approximately 60 g in one night, woulad
have to mobilize a considerable amount of vitamin E to
ensure embryonic survival of the entire clutch.

Severe vitamin E deficiency is fairly common in
crocodilians held in zoological collections. Two
pairs of Morelets crocodiles C. moreletii held at
Atlanta Zoo failed to produce viable eggs until taken
off a diet of marine fish (Hunt 1980).

McNease and Joanen (1981) reported that a variety of
quality food in the diet is better than a monodiet.
And that fish alone may nct be suitable for a high
degree of reproductive success in alligators.

One of the questions to be answered is "What is the
difference in palatibility and nutritional value
between deep-sea, marine, estuarine and fresh water
fish species?" In various trials conducted, it was
found that a deep-sea fish known commercially as
'small-jacks' was totally unacceptable to all size

and age claszes of crocodiles. Even though the animals
were deprived of any food for some days priocr to the
trials. Yet, other species of 'saltwater' or 'marine’
and/or estuarine fish species such as mullet, grunter,
perch, kob slinger etc. were very acceptable. (See
Pooley 1982).

A marine species khown in the commercial trade as

'Hake no. 6' was readily eaten and obviously acceptable
to all size and age classes of crocodiles.
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wWhat of freshwater species? Is there any difference in
nutritional value between the various indigenous species
in our lakes and river systems? Apparently there is,
for according to Blake (1974) an analysis of the main
food (Vundu) a catfish (in Zimbabwe) Heterobranchus
lengifilis showed it to be extremely low in vitamins,
especially vitamin A. The flesh was found to have a
high fat content which inhibits the abscrpticn of fat
content which inhibits the absorption of fat-soluble
vitamins, such as A, D, E and K. This suggested that
the high incidence of enteritis on Zimbabwean farms was
caused by a low nutritional diet and conseguent lack
of resistance to enteritis.

In Reichenbach-Klinke (1965) contained in Blake (1974},
mention is made that a lack of vitamin A can inhibit
the acticn of the tear glands from producing the saline
wash which normally lubricates the eyes and nasal
passages of some reptiles.

In other words whilst a diet of fish such as catfish,
tilapia, tiger fish, mudfish and kapenta may be suitable
for growing cut young stock, fish are not suitable for
adult animals. Behler and Joanen (1980} also commented
that a change in diet from marine fish to an equal
mixture of fish and a small marsh animal, Nutria, plus

a multivitamin mineral additive dramatically increased
fertility rates of Chinese alligators under study.

Several workers have commented on the importance of
maintaining young stock at high temperatures e.g. in the
30 to 32°C range. In controlled rearing units or open
ponds where animals are lying on a cold substrate such
as cement, where temperatures may fall to as low as 20°C
overnight, problems are bound to occcur. Food intake is
greatly reduced., The action of certain digestive
enzymes and body metabolism is impaired. Digestive
disorders generally lead to a loss in condition and
quite frequently to a susceptibility to bacterial and
even respiratory infections, particularly if temperatures
fluctuate considerably between night and day.

Another problem encountered 1s that of nutritional loss
of frozen foods through incorrect feeding metheods. In
this case red meat was frozen in large blocks in open
ceontainers at minus 30°C. Daily a block of meat was
removed, thawed until sufficient for a meal could be cut
off for that day's feeding, then the block returned %o
the deep freeze, and this was repeated for several days.
The outer layer of meat was freeze burned. The loss of
blood and fluids was considerable and after some six
weeks of thils practise, seven-month-old animals
developed paralysis of the hind limbs, a bunching of
muscles over the lower spine and in severe cases, arching
of the spine. Death occurred from drowning.

The sick animals respended rapidly to injections of
vitamin Bl and paralysed animals regained the use of
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their limbs. It is recommended that all frozen food be
packed in strong plastic bags to retain fluids and to
avoid freeze burn, that food should not be thawed
quickly by immersion in hot water - a process that also
leaches out nutrients and the use of fans to thaw food
is recommended. Partially frozen food should of course
never be fed,

As Foggin (1981) and others have pointed out prolonged
use of a monodiet is likely to lead to deficiencies.

My personal recommendation is to feed a diet of %0% red
meat including livers and hearts if available, 25%
poultry and 25% fish. Whole day old chickens are
recommended for young stock and easily manageable pieces
of bone for adults. Care should be exercised with ribs
and these should be chopped into small sections as they
can cause swallowing problems. For those who have not
tried the 'alligator premix' recommended by McNease and
Joanen (1981) the following is the formula. Added to
the food at the rate of 1%:

Specifications Per 1 1b.

Vitamin A 1,800.000.00 USP U
Vitamin D3 200,000,800 IC U
Vitamin E 5.0C00.00 7
Riboflavin 1.800Q0.00 MG
d-Pantothetic Acid 2.760.0C GM
Niacin 4.50 GM
Cheline Chloride 86.43 GM
Vitamin B12 1.35 MG
Folic Acid 90.00 MG
Biotin 20.00 MG
Pyridoxene Hydrochloride 1.000.030 MG
Menadione Sodium Bisulfite 4,283.00 MG
Thiamine monconitrate 1.000.00 MG
Inositol 5.000.00 MG
Para-Amino Benzoic Acid 5.0C00.00 MG
Ascorbilc Acid 45.000.00 MG
Ethoxygquin 5.00 &M

Arty crocodile farmer will know that his animals respond
to live prey such as fresh fish, with tremendous
enthusiasm. Hatchlings in particular can be induced to
commence feeding more easily by feeding live prey than
by placing cut up or minced food at the waters edge. To
my mind the mincing of food, whilst less labour intensive
than chepping it up into small pieces, of correct
particle size, is not satisfactory. There is a
considerable loss of fluids, the animals tend to trample
it and then cannot pick it up. It also creates a
greater deal of fouling, creates more work in maintaining
pen hygiene and consequently can lead to bacterial and
disease problems.

There is an argument as to the merits of feeding poultry
plucked, or whole and completely feathered. Gastrie
compaction can occur from accumulation of feathers
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which being light do not always pass easily through the
system, but this has not yet caused problems in my
experience. The use of small, easily bred and easy to
feed small animals like rabbits and guinea pigs has
surprisingly not been tried on any scale and this would
be a valuable addition to any diet. Presumably though
these animals are commercially toc valuable to feed to
cerocodiles.

However when one considers the cost today of an adult
female crocodile, the fact that she only produces one
clutch of eggs annually, that the eggs may all be
infertile, or that she doesn't lay at all because of a
diet deficiency, then the feeding of these animals may
not be as expensive as it seems.

Finally, it seems that of all the problems that can occur
in commercial farming of crocodiles, our lack of
understanding of what constitutes a balanced diet is
probably the avenue reguiring the most research. It

also seems that as in nature where all size groups of
crocodilians feed off a wide variety of organisms,
captive animals too should be fed whenever possible in
the same manner.

FOQOD PREPARATION

In preparing foed it is important %o reduce it to

pieces that can be swallowed without difficulty. Large
fish should be cut intec elongated rather than square
pleces since the bones can cause damage during swallowing.
Similarly, live wheole fish should nct be toeo large lest
the dorsal fins cause damage to the reptile's throat and
gullet. Before deep freezing large fish should be
scaled and gutted, their heads and fins removed and
washed before being deep frozen. The hearts and livers
are excellent food but feeding of intestines and other
innards is not recommended.

All fcod must be completely thawed out before feeding
and surplus, or uneaten food must never be re-frozen,
since repeated thawing permits bacteria to multiply
rapidly so that eventually the crocodiles are being fed
bacteria-laden contaminated food.

The concrete slab should be hosed down and scrubbed with
hard bristle brooms after food processing,

A spring balance is useful for weighing food and a record
vook for recording the date, prevailing air temperature,
mass fed, pen number, percentage wastage, and remarks

is mogt important.

FEEDING

The most desirable method is to estimate the amount of

— food that each group will consume at each meal. by
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establishing a regular pattern, feeding at the same time
each day, it becomes easier to calculate how much is
required, particularly when the mass fed, and amount
wasted per pen is weighed and recorded. The crocodiles
become accustomed to the routine and food is then
consumed while still fresh. In the hot summer months
crocodiles will feed daily, but feeding rate will slacken
off towards the onset of the cclder months when
temperatures start to fluctuate each day. It is then
wise to start reducing the feeding frequency and
Quantities fed until food is required perhaps only every
second or third day, according to local climatic
conditions. Generally young crocodiles will refuse food
when the air or water temperature falls below B0°F
(15,6°C) and it is wise to discontinue feeding then, as
certain enzymes necessary for digestion are not activated.
Even in mid-summer sudden cold spells may cccur and at
these times it is not worthwhile offering food, or

frying to coax them intc feeding until the weather warms
up again.

During hot weather conditions it is preferable to feed

in the late afternoon or evenings, after the animals

have basked, their body temperatures are raised, and they
will be hungry.

The use of flat planks, or similar feeding boards results
in less wastage of food, cuts down on the amount of
uneaten focd that remains in the sand, gravel or grass
verges of the ponds, which soon becomes contaminated, or
eliminates the problem of spreading food out onto the

hot cemented perimeter of the pond, which is obviously

an undesirable practise.

When feeding, the boards should be spread around the
pool perimeter {up to 8 to 10 individual boards) so that
the croccdiles do net have to c¢limb over one another, or
compete, bite or fight unnecessarily to reach it,
Because of the more rapid evening temperature drop in
winter it may be necessary to feed at an earlier hour

of the afternoon.

In cemented ponds the area where food is laid out sheould
be cleaned and scrubbed daily and any uneaten food
removed from the water with a handnet, while in the earth
ponds, if these are stocked with scavenger fish, this
problem is solved.

REARING AND HYGIENE

Young crocodiles are more delicate than is generally
realised 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 c¢rocodiles under z
variety of conditions. It 1s essential to know how they
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normally walk, swim, bask, thermo-regulate, sleep and

feed in relation to the time of day, the air and water
temperatures, and during cold conditions, rain and at

night, and how their behaviour may change at different
seasons of the year.

The more time the owner or manager spends observing the
animals, the greater are his chances of successfully
rearing them. He will socn notice that from a c¢lutch
of eggs hatched, some individuals will be aggressive,
others less so. OQOthers may be shy and some extremely
timid. There may be a considerable difference in size
range. The growth of some will be rapid, the majority
at a fairly even rate and that a few hardly grow at all,
and may be classed as runts.

The regular grading of animals intc size classes is
important to eliminate unnecessary bullying which can
lead to stunted growth of the weaker animals.. 3But it
must also be borne in mind that the young are extremely
sensitive to stress as from loud noises, sudden
disturbance, excessive movement and activity in their
pens, and especially from handling as in capture for
measuring, grading or moving to other quarters.

An advantage is to train staff who work daily with the
animals and who by experience learn o recognize for
instance, the appearance of normal faeces from healthy
animals, as opposed to diarrhoea in sick specimens.

Who daily prepare the food into portions of suitable
size, ensure that the feod is fresh, that uneaten food
is removed from the ponds, and that water is changed
regularly and the ponds scrubbed clean. The emphasis
should be on observing strict hygiene to the extent of
using only one scrubbing brush or broom and the same
feeding boards per pen. Also using footbaths containing
a strong disinfectant at the door to each pen to
eliminate the possibility of cross transfer of bacteria.

Even with the strictest of hygiene procedures, young
crocodiles are still susceptible to a variety of diseases
and diagnosis ig often difficult and only learned by
experience.

It i3 recommended that staff should become thoroughly
aquainted with the animal's intermnal anatomy to be able
to distinguish between healthy and diseased organs. If
there is a veterinary or pathological laboratory, or if
contact with a veterinary officer in the regicn is
possible, samples should be despatched for examinaticn,
or the veterinarian consulted. Also that animals found
freshly dead (not floating in the water) should be
autopsied. The methods recommended are those ocutlined
by Verseput (1986) and are as follows:

Collection of Laboratory Specimens

(a) Sterile Samples.

1. These should be taken as socn as the carcass has been
dissected.
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2. They should be taken with sterile forceps and
scissors. {(Flaming of the instruments Just before use
will suffice}.

3. The specimen size shculd be about % x 5 x 2 em.

4. The specimen should be dropped into a sterile
container and the container immediately sealed.

2. A separate container must be used for each organ
taken.

B. A separate set of instruments should be used for
the stomach and the intestines as these will become
contaminated with gastro-intestinal contents.

7. The containers must be marked with the crocodile's
identification, the date, the crgan and name of the farm.

8. GSpecimens which are not sent off immediately must be
kept in the refrigerator until despatch.

9. If the specimens are to be sent a long distance they
should be packed in ice in an insulated container,

20.1.(b}) Formalinised Samples

Blocks of tissue, no thicker than 1 - 2 cm should be aut
from the organs with a sharp knife and piaced in wvials
of a 10% formalin concentration with water, and the
samples must be completely immersed. The vials or
containers must also be suitably labelled.

For further details on methods of rearing, hygiene,
nutritional requirements, the collection and preparation
of laboratory specimens, common ailments, diseases and
treatments, refer to Blake (1974), Foggin (1987), Joanen
and McNease (1979), Friedland (1986), Pooley (1982),

Van der Riet (1987) and Verseput (1987).

149




*pool 2yl 03 sdoap uTUE]TA

ppe Jo/pue ‘fieaw sucq Jo0
SSEDJEeD PPV "UOILZTJINU pajdurreq
apraoad 03 321p a2yl 2acadur

*23BT0TYIIAU JI0 312[CTA UBTlUBLB
UaTM ‘yogey Asyl JelJe U0os
SBUTYOjeY TI® JO sndITIqUn

ayy LAeads Afsurgnoa ‘eouapiour

STUY PTIOAE 0] 3nNg pad1iou
usym pssueape 001 A [BUICH

*pauTeRIp USsaq SeyY sTyl
1T2un ‘puod syl ut urtewsa Aayg
18Ul 08 J83BM 3Y3 OJUT STRUTUR
112 pJasy ‘puod Fuiuieap saojag

"FurquiTs jusaszdd o1 9oung
JajouTtaad syz JO SPTISUT pUNOX
ysTy wo Sp paeoq BUTIITHS 20e(d
‘BUTTpUERY PIOAE PUE TBUTUE
aqetos1 "adey saisayper Jooad
—J231eM UlTM QUTT U:a¥CJIq putd

I ETECCERRE

*1eIp UL ADUSTIIDTIep
unIoIed Jo/pue UTWeltA

"paInej 388U punoJde TICg
*Aaosuyoj3ey ur suaTFAY Jood

*puod

Ladurg uw 03Ut uafrTel

J0 ‘audrtsy v woaJ usTTEJ
pue sangoious FuriliLu
241M 8yl Jo 2pis ayl dn

paquT 1o sAey Lew 2TIPOO0dD

sudigap uad Ky1ney

agne) 21Q1SS0d

s Apaqooad qno Fuitmoad
Uyl1993 J0O Uilseal JIo 8§80
‘1TE1 pue pesy ‘squrt

Jo Buiyaaf osipowseds ao
‘paIpuey uaum SaTqUadl
{ewiue ‘ssrqipuew

13098 ‘sauirds payodwe
fyamoad Burtanp sot3lIwrois(

(sso08qw

fe2rirqun) "2{ipodoad
payasgey L£{3uU203a

ut Bur{rems [BUTWHOPAY

*sousay Jajswtaad

JBau peEsp punoj temtug JoO
padewep dij anous ‘}oaau
Jd0 8q1a ‘squii uapoag

SIUSWTIY UOWWO)
i




*poot jo A1rrenb yoeyd

*De0¢ MOT2q aanjesadwsy ate Jt
Futpsas] 85e9D J0 3[qisuodsaua
soanjeaadwsy ut sBueyd JT

%05 Aq 23wa Fuipas] sonpoy

*SpUTM pPTod Buriieasad

woaJ J3318Uus epiacad

07 SUIDIAVS JOSJT *MOIANQg

ued A3yl aJdaym swep ylars 09
sTeEMTUe FUutAowW J3pTsSuo) -~skep
£ X peal pue 3x|3w Qos xTWw -
JuipesaJ 11115 =aJde pue swojduls
L1aes 31qTiyxe Siewiue JI
*(potr1ddns suorjonaisutr Jad se)
Japmod afqnios UrsAWRIIL] YlIMm
paleal) 8q ued aaijem puod ayjg

Jusulesad],

.

T191Ip TRULIOU WOJdJ
a8ueys usppns J0 ‘yssag
1ou pue Aysnu pooJ

10 ‘susd 3 souBqQan]sSIp
'aS10U SATISSAOXS

Jd0 '"t1ewrtue Jo sanydes
pue Fuipea® as3le se
yonsg Burlpusy DATSESOXT
Jaylesm J8pIoD JO 158U0
a4yl 1® Janoravyaqg (euacu
fsanjeasdway ur afueyn

rgdunt pue

1eo0ayy ‘'saBessed (eseu
Ut uocrlsafund [esAdd
11tm Asdoany -"uorioaJut
121427328Qq ¥ 10U pug
TeaTA Afqrssod ‘Jdsayjeam
ut a3ueys uappns Aq
pasned BurlriIy2 ‘IuBnoap
01 pailocalans Tewtue
"quaurTe Aroleatdsay

agnen arqissod

‘SABp 1eJa3ADS J0J
pooJ Ji0 03 siewiue
J0 ‘gswig Buipsal
12 papJaeIOSTp as9aetl
uayl pseardsooe pooyg

paJnogqe] Bulyleadq
fgnonu Yl1TM pajosorq
S11J41S0N ‘213ue

sanorw ue 3e dn pesy

yatm usqjo ‘sdede smel
YITM SITIT TBWIUY "snond
JO JajEM 2pnXs §3AY

SIUSWTTY UCUWO?)

151




"poog

JT8U3 UT ¥ UTWelITA JUsT0TJIns
BuT31198 10U A[SNOoTAqQO

ade sTewtIue JIT pPSNUTIUCD

2q pPINOYs pue teisliiausg

ST PCOoJ 8y3 o1 (petrddns
suorjongysutr xad sw) sdoap
UTWE]TA O8PTIAY JO UOTI3Tppe ay]

*sedie ao3 o3eydins

daddoo urTm asieM 1vaa]

pue wsysAs aryotay v Lopdus
a0 ‘ArTjusnbsal saow J89EBM
edueys ‘{ocod quswes e JT

*uns Y3 Ul AJap oxeq 01 MO[lE
pue puod uieag *ouo yUsaaj

® 03 aaowsa ‘puod {eanjeu

¥ UT DpIsnoy siewtuR JT

*33T0TA UBTIUaE UYl1M SpUNOM
Aeads 20 azetotylasw A1ddy
*90BJIANS yjoows v spiaocad
03 pucd Jyo dit asaiseid-ay

juzujeaal,

sssnEd

uomos v 81 ADUSTOTJap

¥ uTwelip ‘wsTroqedsu
utrajload azenbapeur

WOJI S3ITNS3A YOIyYm sseastp
AaupAy a0 1nod Arqrssod

‘a1qisuodsaag

2q Aew (12A37 3115 ydty)
a29%em 2aata A3a1g "uBiy ool
5q Aewt YoTym STOAIT SUTJOTYD
pue faturies ‘A31pro®

JOJ J93eM MODYJ "paues[o jou
s1ood asneooq Jasiem Asesad
‘auaTBAY aood ‘ucTIIB]TAIT
38NED YBETE UTE1JDD

*1ood Jo 1no

Burquiio a0 Butasjus usyMm
puod Jo di1 835J2u0D yBnoa
Jan0 adeass A7TenUTIUOD

pue smeio oFevwep S2TIPOD0JD
uoT1onalsuod puod L3rney

sasSne) aTqIsSsod

*pPepuslIsTPp 2q 03 awadde
Aew ooy squty 8yl ~puod
au3 Jo 300 Furquilo ug

A1 InoTIITP saey Aew 11

*USTJOMS 2UODSQ TBWIUR

23 JO 188J pur S90]

*Butpssj osesd Aey
*sJe9 pur saka e YoqeJIIS
A1pajresdsa s1ewiuy
TpAWETIUT pUBR pP3d 1BOJIY]

*uotdaa oyoraOyy pue
uTHsS AfTeq Ul Sind [TRUG
"FUuTpeaTq J0 MBI 535013
‘uszom sTTEU ‘sand afdwtrg

SJUSW{TY UOWUe)

152




‘ydes ur saaqunu
Jatiews asnoy pue squswiaedwoo
apIalp-qns ‘Axsyoiey

2yl UuT paaaasqo Fuytid J1

*feads (osocase j8{0TA ueijueld
UlTM ATTRUJS]XS pur A[[RUIS]UT
'sesae pajoajuy Leadg ruasjem

ut AraenBoa ajrueuewasd
untssezod Jo ‘syeydins

daddeo asn *ouastBAy asjem

puod uo Moayy -ATT1Se8 pamollems
8q 01 yBnoua [1BRWS sae

suoljded pocI sansuyg -Aivssacau
J1 stewtue J4s58Je] 1IN0 spead

Jo uotzended usd sonpoy

‘sweaaq a11s714aq
paey yitma spuod Buidsoms

usym siewiue Fuideswep jou ur
2J4BD 9¥r1 SJIsancqeEl JBY1 ¥oays
‘uad ® ut uerleindod satjus aoj
atqeTIeAR aprUs a3enbape sansug
TYwaeM J0J moaanq ued Lauyl
8JBYM SWEP yjJes 01 STRWTUE
A0 (*ATaurginiod papaodsd aq
PINOYsS ssayy) -ssanjesadus)

d18 pue Jajem JUBTUILBAD W2IBUD

Jjusuleadl,

*K3Tanoas

puUR UjlIEM J0J Jdayjoue
auo Jo doj uo dn

a11d 09 pusy sBurTyoley
*uorgeoolIng Afgresoed

{UoT3093JuT TRBUNnI)
anduol Jo aqered ‘yjnow
JOo uceT1D3JUT STITATEULH

*S5WTy Buipa’l 1®
Furayud1] “‘Burpmoasasap

‘qnd pue

SsutysajuUT ul siselqo Jsyzo
‘sauoq ysI1y Jo0 'and ut
UoT1oNd1sqe ao3 {osyod pue
1098S1I(Q "9SNEI ayl 8q Asu
2)0a15UNg "1s81BM UT SJUBTRq
PUE J0J3U0D 3TOSTM 9S07
SBUTTUDIRY (Do L)

d0G1 MoTag *Butumoaq

asnes aTqlssod

“agnes
juaoaedde ou - Aasyojey
UT pesp punoJ BurTyojley

*gayojed Teldung

y311m pazrods aq Lew
MOoTI2A ATtewrou anBuo]
“mel pue 3nous puncaw
SJB0g "PaJINOTOISIpP

pue Aduods s38¥d08 1003
pue sund 'FuissTUr Yiea]

~Aanfutr Jo u31s ON
‘1eood Jo wojzjoq e a0 uad
Ul peEap puncjy satIpoood)

SIUDWITY UCUWWLOH

153




e

“pooJ aoadsns Auw

PaEOSTQ *IUTJIOTYD JO yseiod

Jo 23rvueduewasd Jo uoTInNyos
Buoass yam spuod 1eSI3Y ‘Sureap
100JUTSTp ‘spawvoq Burtpsag

TTe SZTTT1835 "UOTI08JUT

88040 80npaa 03 A{szvIpsuut
STRWTUE HOIS [1B 2]el0ST
Sjuawiesay § JoJ SaNCY z2g Aasao
utr /3w gz urofwejusn ao
'sfAep § 2031 Kep ® souo 8%/8u o1
3e ATsenosnu-eajut psjoslui

J0 asjem syl ur aapmod sTgnros
UToAWweIaa), YjIM juswiesay],

‘3 INSsa UBD ESOUPUTIQ

pue s3JeM syl 01 saayupe Asuw
susTuedlc AJEpUCDIS SB TOSOAIE
19TO0TA UBRTIUSE UITM SUOTIITIJUT
aaenos ayl Aeads osyy

"sAep £ ¥ 407 34/F g1 1e poog
U3itm Jo (pa1iddns suoyjonaqsut
Jad se) as3em puod syi ut
paxTw Jaapmod arqnios ,gsd Isn

EUTETEY-ERER

‘1esaq

01 3TNOTIITD - pBUTRIQD

s1 sIigouderp AJcjeaoqel
D1J108ds © ssopun pue

waoJ otuwepids ur AjTTRISO0W

uUB1Yy AdsA asneI UED
suorg3osJur ds eBil2UONI[EY
‘89 U0TI0BJUT [RTJISYOBQ
Jo/pue etwseniadas ao
ST31J91U2 *s1aT13edsy TEITA

'atuwaptda

ue ur s3Tnsaa Airensn pue
SNOT108JUT A{owWaa3xa S1
STUL "UCT3ID3JUT SNATA-XOd

SISNED 2a1QISS0g

romel

41 punoae Atvrerosdss
"s®ora0 ylM pue

Aap uTH® a2yl ‘pojeapAyap
Jeadde oste Aew TRWTUY
"JUIPTIAS EDOUJJBTP SIAIASS
J0 pautelspooTq Sadsegd
*swseds SAISINAUCD

Uy 1Te} 10 pesy

astea few *faded Leuw
Tewiuy *psafaeiu2 amsadde
Aew st1dnd *3807129 A{jaud
J0 850712 S8Aq *STTIE] pue
Squti puty yjzoq Io suo Ut
pasATeaed swooag sTEWTUY

TuotjeapAysp pue BIYXS4OBD
ST Ylesp JO 9SNEI Tensn
ayy *poa103l)e aJde §23N0S
Ar1eq suar Arrenjusay
*INOTOD UT j0elq jS50WiE
uany sAep M3 B a1a1]e
‘UDTYM 's1JEM POJETOST

se Apoq 3yl} SSo0Jaoe
ATpidea Buipesads pue pesy
9yy uo FurjzJaelzs Arrensn
SYIMOIT 3NTi~Jaem Asas

IUFT1 1TRWs dOoToasp sSTRWTUY

SJUSWT e UCWWO)




*102TuUaydWEIOTUD TOSOASE YjTM
safs Aeads ao ‘Arrep quswluto
APTWBRROTYD yaIm s2ho jesay

*QUIPOT ST03nT yiim quied ao
3a1otA UeiljusB yjlim sieuwiue
feadg ‘ues(o pue Lap ST aoejyang
a1 3EU3 pue soeds Buriseq
JUITOTIINS 81 8J2Y3 1BY] sansujy
‘ysejgod 3o syeueduewasd ao
sjeydns aaddoo ao asutaoyus
ylim azjem jesady ‘spuod woag
seBie Qqnios pur uleap asues 1)

-duipasa]

Jo Aousnboaj sonpsa ‘sistsaad
Jayjyesm proo JI " 1ewacu

03 suanlass adeuys siBWIUR puw
sOpISqQNs 3v0Tq (713un Burpasag
2sea0 ArqeasJsad 3ng ‘resu
SSBOJIED ISIBOD ‘POCT UYITM *018
SgeaO *USTI TIBWS ITOUM 2pTAOdd

SDENEGCERRE

*a2yream

pPIeo Adaa Jo ‘uaols g3snp
183J% an200 A8l ‘UOTIODJUT
TeIIA B ATqQissod

40 ‘soelans pucd uc stio
pue asesad ‘asjem Lja1p

Aq pasneo uoriosyur

2Aq *usd yJo asqoutaad
puncae adatm Futijeu yooyn
uad ut 30slqo daeyq

*Jdajem jueudels ujg

BUTATT sTewTUR Jo ‘duwep
uad Jo a001J ‘sUIYSUNS

JOo }oei 30 ‘saoopurl
pasnoy sfewtuy °“ysiJ 1o
1eow A13B] WOoJJ S(I0 40
2seaad oaTgS9OXs ‘austdly
Jo0d "uolloajur redung

raanieaasdwuag

ut doap pirdea =

ST aJdayl’ usjies [eow 28ael ®
J83Je J0 ‘100D a8aylvem usym
A{aenotjaed ‘Burpasj-agao
J10 ucrtjedrjysueos ‘jaip

ut adueyd ueppns *3a31p

utl sdeyBnocd JUITOTIINSUT

s9SNe) 2101Ssid

‘ssaupuriq Burpsosad
JNOT0D HIBep ® uo

9xE] SPITIAS SUOT]O8JUT
219A98 UT pue IS0

Atraed Aew yotum sshs 1®
yoleaos Arpejesdes srewtuy
rdajjew apnxs saks ao
(punom ysaaz) LAanfut skg

"1re3 JO

suoiBsa reseq pue L[{12q
308U 2y} Buole *sased
913A88 Ul pUB SqUT]

2yl puryaq 'jusa syl
PUNCJE 3WTITS YSTumoaq

20 '30814Nns [VJIIUIA

J0 S113Tp UO S3T®OS
Sutyfnors *s41B8Tp usamjaq
‘urds uo sjods a3Tym

‘Butiiem

ur A1(NOTIIEID sputy
‘ATYsI3FnTs soaouw TBWIUE
(pe1eciq) popualstIp A(1ed

STUMUFTIY Uolon

155




21l.(a) RECOMMENDED DISINFECTANTS AND DRUGS.

21.(a)l. Mouth, Palate Infections and Fungus
Lugels iodine. Spray on with plastic garden spray or
Chloramphenicol 5% gentian vioclet aerosol.

21.(a)2. Wounds on Adult Animals
Coopers Wound 0il (contains vegetable o0il, oleo
resins, germicidal agent). Can be sprayed on from
distance using plastic garden spray. or Wound Oil
{containing c¢hloracresol ©,5% M/V).

21.{(a)3. Treatment of Worms
Panacur 10% {Hoechst) contains fenbendazole. Dose
at 1 ml/9 ml water/per kg food x 3 sonsecutive feeds/
days.

21.{a)4, Coccidiosis
ESB’ "soluble powder (Ciba-Geigy) contains 230% sulpha-
chleoropyrazine, Dose 1,5 g/kg with food x 3 days, or
mix in water as per instructions.

21(a)s5. Viral Hepatitis, Enteritis, Diarrhoea, Respiratory
Infections.
Terramycin Soluble Powder (Pfizer) contains
oxytetracycline hydro-chloride 55 mg/g. Mix powder
with food 500 mg/kg x 3 days or mix in water as per
directions,

21.{a)6. Vitamin Deficiencies
Abidec drops (Parke-Davis) contains vitamins
A5000iu, D,4000iu, B1l, 1mg, B2, 0,4 mg, B8, 0,5 mg,
nicotinamide S mg, ascorbic acid 5C mg/ml. Use as
directed.

21(a)7. Opthalmia (Eye Infections)
Chlcramphenicel/5% with gentian violet-aerosol spray
(CAPS) or Chloramide ointment {containing S%
chloramphenicol, 15% sulphacetamid and 1500 iu
vitamin Ag. Use daily.

21.(a)8. Skin(Fungal) Infections
Aeroscel Chlorampheniccol/gentian violet spray.
Disinfect pond water with Potassium permanganate
10 p.p.m. or Chlorine at 4 p.p.m. or Copper
Sulphate at 10 p.p.m. —
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Figure 1, 0Offal Disposal Pit

Flies enter through

yma— holes under circular
, . lid
Funnel allowing c
flies access = - . 4\
only to pit ~J]_Doorway of 15cm
. diameter through
which offal is
dropped. Rubber
flap is used to
Fibre glass, seal It.
plastic or
rubter dome.
Ground
30cm
10cm SRR hole . concrete
7 - slab
2 m
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wind sc¢reen
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i1 P PRSI

\\ ledge
smooth cemented floor

drain

stopcock

Figure 2. Single-Unit Cement Rearing Pond (Plan View)

Pen size 9 x 6 m {54° sq.) Pool size 7 x 4 m (28° sqg.)
Inclined 45 cm wide smoothly plastered ledge. Pool
depth of 60 cm to halfway up the ledge. Shade of reed
screens or 70% green shade cloth supported on a frame

Xx 75 cm off the flcor.

ow = overflow weir, so that ocil or grease can be flushed
off the surface water via the drain pipe to which it is
connected underground.

Wind screen of reeds x 2 m in height,

Stocking density = 100 hatchlings to the age of 1 year.
Perimeter fencing of 1 cm diameter wire netting, reeds or
pcles.

Note that corners have been eliminated to prevent piling.
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F 6 GRERDE pad
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e
3

4
f3 4 F ORI

g

RRELI e cahes

Fig. 5. An example of a rearing pond made
from bush pocles, with a mud pond and
subs{rate. Note that there is no dry,
basking area for the crocodiles, and no
shade provided. The wet, muddy conditions
are ideal for a build up of bacteria.

There is a high incidence of disease and
mortality in ponds of this type.
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UJRK PLAN FOR CROCOODILIAN MANAGEMENT IN ORISSA, INDIA
DURING 1990-1995

] :
R. L. RATH , L. A. K. SINGH2 AND S. KRR3

1Ehiaf wildlife Yarden, Jrissa, 315-Kharabela Nagar, Bhubaneswar
Orissa, India-751 o,

2Ressarch officar (Wildlife), Similipal Tiger Reserve,
Khairi-Jashipur, Orissa, India-~757091.

SRessarch Officer (wildlifs), 0/0 Chief Wildlife larden, Orissa,

315-Kharabela Nagar, Bhubansswar, Orissa, India-751001.

ABSTRACT

In pursuance to the broad guidelines af a HNational Actian
Plan, the present work plan for the state of Jrissa highlights
the prioritises.

INTRODUCT ION

The crocodilian managemant programme in India was launched
first in the stata of Orissa where all the three native species
still occurred in their natural habitats in 1974. The three
species are: the Gharial (Gavialis gangsticus), the mugger
(trocodylus pzlustris) and the estuarine crocodile (Crocodylus
porosus). The habitats which were identified for the management
of gharial were in the river Mahanadi and for the estuarine
crocodile were in the estuariss of rivers Brahmani and Baitarani.
The assasiated sanctuaries were the Satkoshia Gorge Sanctuary
(796 sq.km.) and the Bhitarkanika Sanctuary (672 sg.km.)},
respectively. [uggsers were known to occur in several places
but a systematic status survey was not conductad. The Hadgarh
Sanctuary (191 sq.km.)} overa tributary of river Baitarani uwas
identified to form the major arsa for muggers. In due course
the Similipal Tiger Reserve {2750 sq.km.) with its persnnial
river systems has emerged as the main mugger area in the stats.




The conservation approach was to minimise losses of eggs
and hatchlings and rehabilitate juvenile crocodilians in the
identifis d protected arsas (Bustard, H. R. in F.A.0., 1975).
The captive rsaring units were located at Tikarpada, Dangmal
and Ramatirtha for the gharial, estuarine crocodile and mugger,
respectively. From 1981 the unit at Tikarpada has also become
a mugger=-producing unit. From 1976 captive breeding programme
for all the three species were launched in phased manner 2t the
Nandankanan 8iclagical Park.

SITUAT ION ~ OVERVIEY

1. Protection of remaining population and habitat:
The initial populations of diffarent crocodilians in Orissa
were: (Singh, Kar and Choudhury, 1986}

Species Year Location Adult{(m:F) Juvenils Total
Gharial 1975 Mahanadi 4 (2:2) 4 8
Mlugger 1975 lahanadi 1 ? ?
1975 Similipal virtually extinct.
Est.Croc. 1977 Bh.Kanika 34 64 98

The State's Wildlife (Protection) Rule, 1974 is snacted in
line with the provisions of the Wildlife (Protsction) Act, 1972
of the Government of India. Tharefore, all three speciags arse
teeatad as Schedule-] species. Crsation of the special
crocodilian sanctuaries and the launching of the conservation
scheme generated greater awareness and better protection to all
the species. The bast protected species and habitat ares the
muggers in Similipal where *'Project Tiger' is in operation,
The estuarine crocodilss are well protectad in Bhitarkanika but
with off and on human-based conflicts. Both Zimilipal anrd
Bhitarkanika are managed for final elsvation from the status of
sanctuaries to national parks. That shall virtually sliminate
mane=crocodils conflict from the limits of these protected areas.
In the Satkoshia Gorge Sanctuary and the adjoining river fahanadi
gharials have no more bsen killed and the habitat pressures have

been regulated.
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2, Rebuilding matural populations:

Wild-laid sggs were collected and incubated in hatchery
set-ups, the young crocodilians were reared in simulated
natural conditions and when attended a length of about 1.2m
{reduced to 60cm for mugger) these were rehabilitated in the
identifie d protected arsas. The following information is
an update of Kar (1989},

Species Egg=source Young=-source Place nOS.
Gharial Gandak T ikarpada, R.Mahanadi 610
(s ihar), Katerniya-
Narayani- ghat{U.P.),
Kali(Nepal), N.kanarn.
Chambal{®.P.),
Captive=-
breeding at
Nandankanan.
Mugger Tamilnadu, Tamilnadu, Reilahanadi 753.
Captive- Nekanan, R.Budhabalanga 99
bresdings at Ramatirtha, Reuest Deo 72
Nekanan, Rama=- T ikarpada. ReKhairi - 67
tirtha, Total 391
Tikarpada.
Est.croc. Bhitarkanika, Dangmal River systems
taptive~ in
breeding at Bhitarkanika 1,050
Nekanan.

periodic monitoring of ths released crocodilians have
bsen carried ocut in Mahanadi and Bhitarkanika. Regular
monitorisg of the muggers is carried out in 5imilipal
(Sagar and Singh, 1990). During 1988 January 25 gharials
and 433 estuarine croccdiles wers counted in their respectivs
released habitats. Thess indicate a sighting success of 4.5%
and 40,0%, respectively. The sighting rates for mugger in
5imilipal have ranged from 12.1% in r.Budhabalanga through
34.7% in T.lest Deo to 71.6% in r.Khairi according to March
1980 reports.
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The present stock of crocodilians in captivity are
as follows:

Location Gharial flugger Est.Crocodile
NeKkanan 1= A8 3
Tikarpada 42 1] 0
Dangmal 0 0 356
Ramatirtha 0 109 0

Total 363 216 35_2
Breeding

femles 6 10 2

malaes 1 6. 1]

The state of Orissa no more obtains its supply of eggs
or young crocodilians from outside. Captive breeding has been
maintained at a modest level keeping in pece with the releass
requirements. Search for sdditional sites for release of
gharial and mugger is meintained. The state, however, do not
have any other sits for the rsleass of estuarine crocodile
because of the very spescific mangrove habitat requirement by
the species. The Bhitarkanika sanctuary is proposed to be
extended from the Brahmani-Baitarani estuaries to the Mahanadi
astuaries where an area of mangrove habitat is being declared
as the Batighar Sanctuary. The addition may offer scops for
the growth of ths existing population in Bhitarkanika.

natural breeding of gharial resumed in 1984 after a lapse
of over ten years in river Mahanadi. Sighting of young muggers
in Similipal and Mahanadi indicate that the speciss have
resettlad in these habitats. Nesting incidence in ghitarkanika
have increased over the years from six nests a year to aver
ten nests and the population of the estuarine crocodile have
recovared well. Collection of wild-laid eggs have been stapped,

for all species.
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The sighting successas have been particulalrly low for
gharial (4.5%) and mugger in r.8ucdhabalanga {(12.1%). The
situation for gharial is more complsx: the sanctuary includes
only about 30km of the river, the stretches of the river which
can form good juvsnile 2ones ara outside the limits of the
present sanctuary, the sanctuary sxperiences disturbances due
to mavigation by large couptry boats and fishing, and fishing
activities including river-bank=-camping are more outside the
sanctuary thus prohibitting any further sxtension of the limits
of the existing sanctuary. After declaration of the sanctuary
in 1976 detrimental fishing practices were stopped and other
forms of traditional fishing for livelihood was regulatad.
Bamboo rafting through the sanctuary was considered most
detrimental and have been stoppad. Inspite of the bast
possible positive sfforts, gharial rehabilitation in Mahanadi
in this part, i.e., the part downstrsam of Hirakud Reservoir
have rosulted with only limited success. The futurs of
gharial remains to be experimented in the upstream of Hirakud
and in the Brahmani rivar.

The management of Similipal have come to a decision to
mke a last release of 15 . '~ muggers in r.Sudhabalanga in
the tourism zone. Release of mugger in the Satkoshia Gorgs
Sanctuary cannot be continued further because the released
muggers have settled well in an otherwisely designated gharial
sanctuary. Inspite of the present regulation of captivs
breeding pr ogramme there is a standing potentiality of
producing 100 live yearlings every year., The future require-
ment for the species, therefors, is to locate altsrnate
relsase sites or avenues for channeling away the captive

1

breeding products.
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Theestwarine crocodile do not create a problem of
‘plenty' in captivity because wild-laid sggs are not collected
and captive breeding results have not been encouraging because
of the want of male crocodiles (Kar, 1989)., On the contrary,
the problem of ‘*plenty' in naturs is often highlighted in the
press becauss of 'nuisancs crocodiles' appearing near villages
outside the sanctuary. This has resulted in scemes in the
State Assembly. The following list shows the type of crocodile
news in the local language news paperse. The list for the
period concerned, i.e., December 19687 to July 1989, is only
suggestive and not complete because we have not made a systematic
survey of all the local news papers.

Date Newspaper Type of naus

Dac.21'87 Prajatantra human~kill

Jul,28'88 Prajatantra human and cattle kills

Aug.18'88 Prajatantra cattle kills: croc mendce

Aug.24'88 Prajatantra seven human kills end several cattls

kills...why commercizl farming naot
taken up as envisaged in origimal
plan...Rs«4.35 crores spent sincs 1975

Sep.01'88 Prajatantra in 3=months several humen kills and
4-pairs cattls kills...psople to
revolt if nuisance croc not killed

Sap.¥8'88 Prajatantra croc-menace

5ep+29'88 Sambad human=-kill {(fisherman)

Oct.Ul'88 Prajatantra in one year: 15 human-kills and
several cattle-kills

Jul.27:89 Sambad authorities "worried” because of too

many crocodilas.

The situation with respect to the estuarine gcreocodile
warrents continuation of active nabitat management and
attendance at nuisance crocodile spots.
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MANAGEMENT PRIORIT IES

1. Gharial (Gavialis gangeticus):

Objective 1. Improve management of the Satkoshia Gorgs
Sanctuary for continued breeding and
survival of gharial in Mahanadi downstream
Hirakud Reservoir.

Action 1.1. Support the present propesal under 'Praoject
Elephant Scheme' to promote the sanctuary
as an elephant reserve. This will ensure
improved control and management of the
riverine habitat.

Action 1.2, Commence research to highlight the
significant wetland ecosystem in the
Satkoshia Gorge transefahanadi.

Cbjective 2. Restaore the original distribution
pattern.

Action 2.1. As a research prcject relsass and monitor
gharial in the mouth of Dscdhara nallah
in Hirakud Reservoir with necessary habitat
improvement.

Actian 2.2. conduct survey of r.Srahmani to locate
possible releases sites.

Objective 3. Promote captive breeding at Tikarpada.

Action 3.1, Arrange an adult mals gharial.

- Action 3.2. Taks up captive breseding as a rasea rch
praject to highlight hormonal levels,
significance of vitamin-g therapy and
improved captive breeding results,

aAction 3.3. Tnitiate ressearch programme in Nandarkanan
as in Actisn J3.2.

Therefore, backed by strong research inputs gharial
releases shall continus in Mahanadi and other suitable rivers
by obtaining relsaseable stocks from captive breeding at
Nandankanan and Tikarpada,

in




2, Mugger (Crocodylus palustris):

Objective 1. fMaintain 'gene pool reserves' in the wild
in at least thres places.

Action 1.1, Similipal Tiger Ressrve:

-Periodically monitor the status of tha
rehabilitatad populations in rivers
Khairi, West Deo and Budhabalanga.

-Ralease upto 15 muggers in r.Budhabala-
nga.

Action 1.2. Satkoshia Gorge Sanctuary (Mahanadi):

-Monitor the status of the generated
population.

Action 1.3. Conduct survey in Koraput and release
Juveniles in suitable reservoirs, backed
with a gystematic monitoring programms.

Qbjective 2. Improve on the results of captive
breeding.

Action 2.1. Initiata research programms similar to
Actions 3.2. and 3.3. {(Gharial), at
Ramatirtha, Nandankanan anc Tikarpada.

Monitoring of rehabilitated populaticns will assume

significance. This will beg adjuncted with rehabilitation
in Koraput and rssearch programme for better reéults from
captivs brseding.

3e Estuarine crocodile (Crocodylus parosus):
Objective 1. Improve the level of management of
Bhitarkanika sanctuary for bettar

habitat restoration.
Action 1.1. Pursue the proposal to manage Bhitarkanika
as a2 National Park,
Objective 2. Generats a systam to better attend the
calls relating to 'nuisance crocooiles'.
dction 2.1. Develop 2 relsvant unit under the managam-
gnt of Bhitarkanika.
Action 2.2. Launch @ campaign on learning to *live
| again with crocodilas®,
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For the astuarine crocodils, habitat management, public
education and generating public support shall assume importance.

WORK SCHEDULES

The work plan in thes above include three broad aspects:
(i) habitat management, (ii) research for monitoring and
captive breeding, and (iii} handling 'nuisancs crocodila® calls.
All these aspects are not new but have been maintained at a low
key during the 13%80s., 4any effort to quicken ths pace of
progress of any of these aspects shall require additionmal
resource in terms of man power and financae. Evan to take up
research programmes fresh rescruitments have to be made because
the axperisnced research personnel of the state ars nouw
engaged in research an broader aspects of wildlife management,
and a timely requisitioning of their services for crocodilian
work is oftsn a probleme Therefore, the time schedulss
indicated below despend largsly on ultimate administrative

sanction followed by financial allocations.

Year HQuarts Action:GCharial ActionsMugger Action:Est.CT.

1990 2nd,3rd Administrative and financial approval of ths
broad schems and the annual plan 1990-91,

4th Joley, 2.7 T.14,1.3. 2e1 6,242
1991 1st 1e2.52420 1.3,,2.1.
4th 3eJ3e33420

FINANCIAL IMPLICAT IONS
The aspect of improvements in habitat management is
handlad by the wildlife wing of the State in a phased manner.
In principle Government of India have also supported the moves
of the state govsrnment in these regards. A specific mention
is required for the other items under the work plan. Gross
financial requirements are as follows.
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1+ Survey of nsw habitats for
rehabilitation of gharial
and mugger: e .o sse RSCSU’DDU

2. Monitoridg of managed
populations of crocodilisns: ... 7,00,000
7 areas for 5 seasons.

3+ Exparimental relsasa and
monitoring of gharial in

Deodhara (upper Hirakud) “oe 3,00,000
4. Yetland ecology study in

Satkoshia Gorge Sanctuary vee 1,20,000
S. Captive breeding improvement

studiss, tve 1,00,000
6. Huissance crocodile control .o 3,500,000

including public education

Total during 1990-1995; «++ Rs., 16,00,000

S UMMARY

Urissa have all three speciss of Indian crecodilians.,
During 1970s thers were 8 gharials, 98 estuarine crocodiles
and very low populations of muggsr. By the beginning of 1990
1,050 estuarine crocodiles, &L gharials and 3914 muggers have
been released in protected habitats. Collection of eggs from
Mturs have besn stopped and captive breedings have bsen kept
at a low key. Yet, 59 sstuarine crocodile, {BX sharial and
2¥6¢ : mugger aere available as captive stock. Sighting success
for released crocedilians have ranged from 4.5% low for gharial
to 34.7-71.6% for mugger. The rate for the estuarins crocodile
is 40.08. Broad management priorities have bsan identified:
(i) improvement in the order of habitat management, (ii} survey
of new release sites for gharial and mugger, (iii) periodic
monitoring of relsased crocodilians, (iv)experimental releass
and monitoring of gharial in Mahanadi upstream Hirakud reservoir
(v) study to highlight Satkoshiz Gorgs Seanctuary as an important
wetland sanctuary, (vi) study to improwve captive braseding,
(vii) generats public support near estuarine crocodila habitat
through public educatiaon and handling 'nuisancs crocodiles'.
A financial requirement of Rupees Sixteen Lakhs is envisaged for

aspects other than habitat management.

175




ACKNOULEDGEMENTS

e are grateful to the Forest Department, Government of
Orissa for facilities. Sri S. R. Sagar (Field Director,
Similipal Tiger Reserve), Sri Be N. Nayak (Wildlife Warden,
Bhitarkanika Sanctuary), Sri S. K. Mishra (Wildlife Warden,
Satkoshia Gorge Sanctuary) and Sri S. K. Pattnaik (Director,
Nandankanan Biological Park) have provided relesvant informa=-
tion for the preparation of this Plan. Ye are thankful to
them and their field staff.

REFERENCES
Bustard, He Re 1975. India - Gharial and Crocodile Conservation
 ianagemant in Urissa. Interim Report. F,J.s IND/71/033,
F.A.0., Roma.
Kar, Se 1989, Crocodile Conservation Programme in Orissa: An
Overview. C.5.G. Newsletter, vol.8, Oct=-Dec. 1969:16=18,
Sagar, 2. Re and L.A.K. Singh. 19390. Rehabilitation of Mugger
Crocodile in Similipal Tiger Reserve, Orissa. MM5S.
Singh, L+AeKe, Se Kar and B. C. Choudhury. 1986, India: Status
of Wild Crocodilss. Ini Crocodiles: FProceedings of the
7th Working fMeeting of the C3GC of the SSC af the IUCHN,
Caracas=-VYenazuela 21-28 Oct. 1984, IUCN Publication
New Series ISBN-88032-306-~1: 355-361.

176







EFFECTS OF NEST AND EGG CHARACTERISTICS ON SIZE
AND EARLY DEVELOPMENT OF AMERICAN ALLICATORS

Dena M. Schulte and Robert H. Chabreck
School of Forestry, Wildlife, and Fisheries
Louisiana State University Agricultural Center
Baton Rouge, Louisiana 70803 Usa

Abstract. - The effects of incubation temperature, egg
volume, and nesting habitat on length, weight, and sex of American
alligator (Alligator mississippiensis) hatchlings and on length
and weight of 13-month-old alligators was determined. Mean
incubation temperature differs by habitat and was highest in low
marsh nests and lowest in high marsh nests. Variables most highly
correlated with mean nest temperature were egg volume, clutch
size, mean ambient temperature, and nest volume. Mean egg volume
of levee nests was larger chan that of high marsh nests and low
marsh nests, suggesting that older, larger females selected levee
nesting habitat. Hatchling length and weight were positively
related to egg volume and incubation temperature. Egg volume and
incubation temperature were related to nesting habitat and nest
within habitat. Alligator size at 13 months of age differed by
nest, suggesting that genetic factors also influence growth in
alligators. Females were produced from eggs incubated at low
temperatures and appeared to be handicapped by a large amount of
absorbed abdominal yolk that hindered their mobility and increased
their vulnerability te predation.

Several studies of temperature sex determination (TDS) in
reptiles revealed that incubation temperature is often influenced
by the microhabitat chosen as a nest site (Ferguson and Joanen
1982, 1983: Webb and Smith 1984; Standora and Spotila 19835).

Studies conducted by Ferguson and Joanen (1982, 1983) and
Joanen et al. (1987) comprise the only published research on TSD
in the American alligator. Their experiments were conducted in
brackish marsh; however, additional research is needed in other
areas, since alligators occupy a variety of wetland habitars
(Neill 1971:197-206).

The objectives of our study were to investigacte nesting
habitat of alligators in a freshwater marsh and to determine the
effects of egg and nest characteristics on hatchling sex and
growth.

The authors are grateful to personnel of the U. §. Fish and
Wildlife Service and Lacassine Land Company for assistance
provided,
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STUDY AREA DESCRIPTION

The study was conducted on Lacassine Pool, a freshwater
impoundment on Lacassine National Wildlife Refuge iIn southwestern
Louisiana. The refuge consists of 12,869 ha of marsh and water
baodies, and Lacassine Pool was created by enclosing 6,478 ha with
a low levee. Dense, emergent stands of maidencane (Panicum
hemitomon), bulltongue (Sagittaria lancifolia) and spikerush
(Eleocharis spp.} dominated the marshes. Large open ponds were
present and contained underwater and floating plants.

Average monthly temperatures for the study period were June
(27.3 C), July (28.4 C), and August (27.6 C). The 30-year
(1951-1980) average monthly temperatures for these months were
June (26.7 C), July (27.8 C), and August (27.6 C) (USDC 1986).
Average monthly precipitation for the study period was June (17.0
cmy, July (1l0.2 em), and August (8.5 cm). The 30-year average
monthly precipitation for the same months was June (10.7 cm), July
(16.2 em), and August (13.5 em) (USDC 1986).

Within and bordering the pool, 3 habitats on which alligators
could construct their nests were distinguished, i.e., levee, high
marsh, and low marsh. We used the terms high marsh and low marsh
to describe dry marsh and wet marsh, respectively. Ferguson and
Joanen (1982, 1983) used the term "wet marsh" to describe habitat
"where the base and central core (egg cavity) of the nest are
always very moist”. Typically, low marsh is wetter and not firm
(flotant). They used the term "dry marsh" to describe habiza:
"where the base and central core of the nest are not so moist”.
Typically, high marsh is drier and firmer than low marsh.
Additionally, they defined a levee as an "either artifically or
naturally raised area of dry ground, frequently beside a canal,
where the nest base is on firm dry ground and where the nest
contains much less moisture". Their categorization of nesting
habitats were used in our study.

METHODS

Six alligator nests were monitored and included 2 levee
nests, 2 high marsh nests, and 2 low marsh nests., Temperatures
within nests were measured with Omega Type T thermocouples and
hand-held digital thermometers (Omega 450 ATT thermocouple
Thermometer). This equipment utilized 2 copper-constantan alloy
and had a resolution of 0.5 C and an accuracy of + 0.8 C wich +
0.1% readings. Within each nest, 6 thermocouples were positiioned
around the eggs at the following locations: one was placed at the
bottom-center of the clutch; one at the top-center of the clutch;
one on the north side; one on the east side; one on the south
side; and one on the west side.
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Temperatures were monitored in 12-hour shifts, alternating
from noon to midnight and midnight to noon shifts with 24 hours
between shifts. Therefore, nests were monitored 24 hours out of
every 72-hour period. During each 12-hour shift, incubation
temperatures were recorded three to six times, and we attempted to
obtain at least one reading every 4 hours. The nests were
monitored over a period of approximately 60 days during
incubation. '

On 14 August 1986 eggs were removed from nest 3, because the
yet unhatched young could be heard calling from the nest during
the previous shift. Eggs were removed from the remaining five
nests on 15 August. The egg cavity was partitioned vertically
into quadrants corresponding with north, east, south, and west;
each quadrant was divided horizentally into an upper and lower
layer. Thus, each egg cavity comsisted of eight sections or
units. The eggs of each unit were placed in a plastic-mesh bag,
and each bag was tagged to identify the section of the egg cavity,
The bags with egss were placed in 40-1 metal containers and were
cushioned and covered with nest material for transportation to the
laberatory,

At the laboratory the length and width of eggs were measured,
and the eggs were returned to the metal containers, covered with
moist nest material, placed in a temperature-controlled room, and
held at 32 C until they hatched. The volume of each egg was
caleculated from length and width measurements using the equation
for volume of an ellipseid (James and James 1976:131).

Length (tip of snout to tip of tail) and weight of hatchlings
were measured, and hatchlings were individually tagged in the
webbing of each hind foot with small monel tags. Approximately
once each week during the hatching period, young hatched the
previous week were transported to a commercial alligator farm and
brooded until they reached a size that permitted accurate sexing,
i.e., a total length of approximately 63.5 cm (Joanen and McNease
1978). Most hatchlings had reached a size (63.5 cm) that allowed
reliable sexing by August 1987. On 20 November 1987 all
alligators in this study were weighed and measured, and
Individuals less than 63.5 cm were later dissected and sexed in
the laboratory.

RESULTS

Egg Number and Size

Clutch size in the six nests varied from,32 to 45 eggs (mean
= 37.3). ean egg volume ranged from 41.8 cm” (n = 26) from nest
5 to 70 cm” (n = 14) from nest 2. Mean egg volume differed among
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nesting habitats (F = 459.22; 4, 90 df; P < 0.0001). Mean egg
volume from high marsh nests was smaller than mean egg volume from
low marsh nests, and mean egg volume from levee nests was larger
than mean egg volume from either marsh nest. Additionally, mean
egg volume differed among individual nests by nesting habitats (F
- 318.68; 4, 90 df; P < 0.0001). Mean egg volume also differed
among individual nests (F = 346.31; 2, 90 df; P < 0.0001). The
six nests contained 224 eggs and produced 141 (62.9%) healthy
hatchlings. Unfortunately, tags were lost from 102 hatchlings
before sexing and final measurements, and further identification
was not possible.

Incubation Temperature

Mean incubation temperature differed by nesting habitat (F =
102 .42; 2, 522 df; P < 0.0001). Mean incubation temperature was
highest for low marsh nests, intermediate for levee nests, and
lowest for high marsh nests. Mean incubation temperature differed
by nest (F = 91.82; 5, 519 df; P < 0.0001). Highest mean
temperatures were found in nests 3 and 2, respectively, while
lower temperatures were recorded from nests 6, &4, 1, and 5,
respectively.

In one correlation analysis the only wvariable highly
correlated with nest temperature by hour by nest was clutch size
(0.56153). In another correlation analysis the variables most
highly correlated with mean nest temperature bv nes:t for the
entire incubation period were egg volume (0.92287), clutch size
(0.82354), mean ambient temperature by nest for the entire
incubation period (0.70614), and nest volume (-0.30298). The
‘variables most highly correlated with mean quadrant temperature by
quadrant within nest for the entire incubation period were egg
velume (0.%1225), clutch size (0.80120), and mean ambient
temperature by nest for the entire incubation period (0.68264).

S3ize of Hatchlings

Mean length of hatchlings from six nests ranged from 21.5 cm
(n = 23) from nest 5 to 24.4 cm (n = 20) from nest 3. Mean
hatchling weight ranged from 31.9 g (n = 23) from nest 5 to 55.3 g
(n = 20) from nest 3. Hatchling length was most strongly
correlated with hatchling weight (0.70711), egg volume (0.67174),
and mean nest temperatures during the entire incubaticn period
(G.65334). Interestingly, egg volume was strongly correlated with
mean nest temperatures during the entire incubation period
(0.92287) and wich hatchling weight (0.922453). Hatchling weight
was also highly correlated with mean nest temperatures during the
entire incubation period (0.86973).
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Mean hatchling length differed among nesting habitats (F =
155.39); 2, 98 df; P < 0.001). The longest hatchlings were
produced in low marsh nests with a mean incubation temperature of
32,5 G. Medium-sized hatchlings were produced in levee nests with
an average temperature of 32.1 C. And the shortest hatchlings
were produced in high marsh nests with a mean incubation
temperature of 30.7 C. Additionally, mean length of hatchlings
differed among nests within nesting habitats (F = 12.64; 3, 98 d4f;
P < 0.0001) and quadrants within nests by nesting habitat (F =
2.79; 40, 98 df; P < 0.000Ll). Mean hatching length differed
slightly among incubation temperatures (F = 3.31; 1, 137 df; P =
0.0227), but the greatest difference was among nests of origin (F
= 17.45; 5, 137 df; P < 0.0001).

Mean hatchling weight differed among nesting habitats (F =
199.74; 2, 97 df: P < 0.0001). Heaviest hatchlings were produced
from low marsh nests, medium-sized hatchlings from levee nests,
and lightest hatechlings from high marsh nests. Additionally, mean
weight of hatchlings differed among nests within nesting habitats
(F = 3&.56; 3, 97 df; P < 0.0001); however, mean hatchling weight
did not differ among quadrants within nests by nesting habitat.
Mean hatchling weight was also slightly affected by incubatien
temperature (F = 7.44; 1, 136 df; P = 0.0072), but was most
affected by the nest of erigin ( F = 8.23; 5, 136 df; P < 0.001).

Size at Ape 13 Months

Mean length of juvenile alligators from the six nests at 13
to 14 months of age ranged from 64.3 cm (n = 21) from nest 5 to
94.1 em (n = §) from nest 3. Maximum juvenile length was 109.2 cm
and minimum juvenile length was 46.4 cm. Mean juvenile welght
ranged from 982.8 g (n = 21} from nest 5 to 2026.5 g (n = 24) from
nest 2. Maximum juvenile weight was 4762.8 g and minimum juvenile
weight was 453.6 g.

Mean juvenile length at 13 to 14 months of age differed among,
nesting habitats (F = 48.52; 2, 45 df; P < 0.0001). The largest
individuals were produced from low marsh nests and shorter
individuals were produced from levee and high marsh nests,
respectively. Mean juvenile length also differed among individual
nests within nesting habitats (F = 4.24; 3, 45 df; P = 0.0101);
but mean juvenile length did not differ by quadrants within
nesting habitats by nest,

Mean juvenile weight at 13 to 14 months of age differed among
nesting habitats ( F = 35.51; 2, 45 df; P < 0.0001). The heaviest
individuals were produced from levee and low marsh nests, while
lighter individuals were produced from high marsh nests. Mean
juvenile weight also differed among individual nests within
nesting habitats ( F = 4.11; 3, 45 df; P = 0.0116); but mean
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juvenile weight did not differ significantly by quadrants within
nesting habitats by nest.

Incubation Temperature and Sex of Alligators

The sex ratio of hatchlings from every nest was significantly
different from the expected 1:1. Hatchlings produced from levee
nest 1 and the high marsh nests 4 and 5 were all females. The sex
ratio for hatchlings produﬁed from levee mnest 2 was 1l males: 1
female (8.3% females) (Chi”™ = 16,7, df =1, P = 0.005). Low marsh
nest 3 produced hatcalings with sex ratio of 7 males: 1 female
(12.5% females) (Chi~ = 4.5, df = 1, P = 0.05). And low marsh
nest 6 hatchl%ngs had a sex ratio of 1 male: 4 females (80.0%
females) (Chi~™ = 5.4, df = 1, P = 0.025). Moreover, the sex ratio
of all hatchlings produced from the six nests combined was 32
males: 55 females (63.2% females), which was significantly
different from the expected 1:1 (Chi”™ = 6.08, 4f = 1, P = 0.025).

Characteristically, temperatures of male-producing quadrants
were < 30 C only up to 1.2% of the incubation period. They ranged
from 30.1 G to 33.9 C from 84.2 to 97.4% of the incubation period,
and they were > 34 C from 2.6 to 15.8% of the incubation period.
More importantly, for male-producing quadrants, the mean percent
frequency (n = 15 quadrants) of time spent incubating was 0,2% at
< 30 C, was 89.8% at 30.1 C to 33.9 C, and was 10.0% at > 34 C.

Temperatures of female-producing quadrants were < 30 C from
0.0 to 42.0% of the incubation peried. They ranged from 30.1 C to
33.9 C from 58.0 to 98.7% of the time, and rthey were > 34 C from
0.0 to 10.5% of the time. Moreover, for the female-producing
quddrants, the mean percent frequency (n = 28) of time spent
incubating was 16.5% at < 30 ¢, 81.7% at 30.1 C to 33.9 ¢, and
1.0% at > 34 C. Also, the mean incubation temperature of nest
quadrants with males were produced at an average incubation
temperature of 32.8 C, while females were produced at an average
incubation temperature of 31.2 C.

DISCUSSION

Egg Number and Size

Levee nests contained larger eggs than high marsh nests and
perhaps low marsh nests, but too few eggs were measured in low
marsh nests to accurately ascertain their size., Within nesting
habitats, egg volume of levee nest 2 was greater than that of
levee nest 1. For low marsh nests, data were collected only from
nest 6, and no comparison could be made of that habitat. For dry
marsh nests, egg volume of nest 4 was larger than that of nest 5.




Among individual nests, nest 2 had the largest egg volume,
followed by nests 1 and 6. Nests 4 and 5 contained the smallest

eggs.

Ferguson (1984) and Ferguson and Joanen (1983) reported a
relationship between age of the female alligator and clutch and
egg size. They noted that young (< 15 years old) females laid
small clutches of small eggs, middle-aged (15-20 years) females
laid large clutches of large eggs, and old (> 30 years) females
laid small clutches of very large eggs. Chabreck and Joanen
(1979) reported a positive size-age relationship for Louisiana
alligators. Clutch and egg size, therefore, are indicative of age
and size of the nesting female. Similarly, Wilkinson (1985:53)
reported a positive relationship between the average egg size,
cluteh volume, and body length of female alligators in South
Carolina.

Our findings indicate that a relationship may exist between
nesting habitat and age and size of the nesting females. Older
and larger females, i.e., females in peak reproductive condition,
may be selecting levee habitat for nesting. Other studies (Joanen
1969, Deitz and Hines 1980, and Wilkinson 1985:49) reported that
levees were often utilized where available; however, Carbonneau
(1987:18) found no levee nests in his study area, which included
9.08 km of levees at Lacassine NWR.

Several researchers in Louisiana (McIlhenny 1935:39, Joanen
1969, Carbonneau 1987:18) have documented the proximal location of
the nest to the female's den. Thus, "nes:t site sslection” is
dependent upon the type of habitat the female selects for her home
range. Levees are generally associated with deep-water canals on
Lacassine NWR, and large females may be the only females that are
able to survive in deep-water habitat. Smaller females that
occupy this habitat may scon be eliminated. Large male alligators
are known to inhabit deep-water canals (Joanen and McNease, 1972),
and Rootes (1989) reporred that large males in canals often
consume other alligators as large as 2.1 m long. This would
explain why smaller females are not inhabiting deep-water canals.
Canal habitat provides an abundance of prey but appears to be
under-utilized even by large females at Lacassine NWR. Factors
that may be limicing the utilization of this habitat are the
greater vulnerability of alligators to harvest (Rootes 1989) and
disturbance by large male alligators and humans.

Size of Hatrchlings

Hatchling length was affected by nesting habitat, by nests
within nesting habitats, and by quadrants within nests by nesting
habitats. Additionally, hatchling length was slightly affected by
incubation temperature but was primarily affected by nest of




origin, Hatchling weight was also affected by nesting habitat and
nests within nesting habitats, but not by quadrants within nests
by nesting habitats. Although, hatchling weight was more affected
by incubation temperature than was hatchling length, the nest of
origin had the greatest affect on hatchling weight.

Hatchling length and weight differed among nesting habitats.
Low marsh nests produced the longest, heaviest hatchlings; levee
nests produced hatchlings of intermediate length and weight; and
high marsh nests produced the shortest, lightest hatehlings. Thisg
relationship may reflect a correlation between mean incubation
temperature and nesting habitat or mean egg volume and nesting
habitat. Interestingly, egg volume was strongly correlated with
mean quadrant temperature and hatchling weight.

Within nests 1 and 4 there was no significant difference in
hatchling length by quadrant. However, there were significant
differences in hatchling length by quadrant in the remaining 4
nests. No discernible relationship or trend was found between
mean quadrant temperature and hatchling length. Ferguson and
Joanen (1982, 1983) reported that within 6 nests monitored in the
field, heaviest hatchlings were obtained within nests from low
temperatures, while lightest hatchlings were produced at high
temperatures. In our study, hatchling weight did not differ
significantly by quadrants within the nescs.

For the four nests with sufficient egg data (nests 1, 2, 4
and 3), hatchling weight was positively correlated with egg
volume. The highest mean incubation temperature was racorded from
the nest having the largest eggs, and the lowest mean incubation
temperature was recorded from the nest having the smallest eggs.
However, because of limited sample size,-the relationship found in
our study between egg volume, incubation temperature, and
hatchling weight certainly warrants further study.

Size at Age 13 Months

Mean length and weight of juvenile alligators at 13 to 14
months of age differed among nesting habitats and between nests
within nesting habitats, but did not differ among quadrants within
nests by nesting habitats,

Juvenile length by nest followed the pattern of hatchling
length and weight. The longest and heaviest hatchlings
subsequently were the longest and heaviest juveniles at 13 to 14
months of age, while the shortest and lightest hatchlings became
the shortest and lightest juveniles.

Moreover, within the group of nests (nests 1, 2, and 6) that
had identical mean hatchling lengths (23.5 cm), it is interesting




to note that the heaviest hatchling group became the longest of

the juvenile group, the group of medium weight hatchlings became
intermediate in length, and the lightest hatchling group became

the shortest of the juveniles.

Incubation Temperature and Sex of Alligators

The temperature that produced males differed from the
temperature that produced females. Males were produced at an
average incubation temperature of 32.8 C, and females were
produced at an average incubation temperature of 31.2 G,

Ferguson and Joanen (1982, 1983) reported that levee nests
(34 C) yielded 100% males, high marsh nests produced both males
and females, and low marsh nests (30 C) produced almost all
females. In ocur study, males were produced from the warmest
nests; however, the warmest nests included two low marsh nests and
one levee nest. Although the two levee nests were similar in
several respects (e.g. located on the same slope of the same
levee, similar in size, made of the same nest material, etc.),
incubation temperatures of nest 1 were consistently lower than
those of nest 2. One difference between the two nests was egg
volume, with nest 2 having the largest egg volume. This would
support the idea that embrvonic metabolic heat is a contributing
factor of incubation temperature within nests. If the metabolic
heat of the embryo was contributing to the incubation temperature,
then large eggs generating the most heat, and ultimately large
females laying large eggs, would produce male hatchlings. This
relationship certainly requires further invescigation.

In our study, the sex ratio of hatchlings was 63.2% females.
Similarly, Ferguson and Joanen (1982, 1983) reported a sex ratio
at hatching of 1 male:5 females (83.3% females) in their study
area. A sex ratio skewed towards females at hatching would be
expected in the American alligator, because male hatchlings
apparently are produced from eggs incubated at a smaller range of
more stable temperatures than females.

Interestingly, the sex ratio of sub-adult and adult
alligators was reported to be skewed heavily towards males (37%
females for all size classes combined; n = 4610) at Lacassine NWR
(Rootes 1989). This further supports the theory by Schulte (1989)
that female hatchlings contain much absorbed yolk, are less
active, and are heavily predated the first year after hatching;
while male hatchlings are wore active and are better able to
survive,
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REHABILITATION OF MUGGER CROCODILE (CROCODYLUS

PALUSTRIS) IN SIMILIPAL TIGER RESERVE, ORISSA, INDIA

S. R. SAGAH1 AND LALA A+ Ke SINGHz
Field Director; 2Rasearch Jfficer; at: Similipal Tiger Reserve,

Baripada, Orissa, India 757001.

S UM mA R Y

Erocodylus palustris were considered to be extinct in the
perennial waters of Similipal Tiger Reserve by 1980, The terrestrial
and aquatic habitats, encompassing an arsa of 2750 sq km, are under
active conservation management since 1973, Setween April 1981 and
February 1990 a total of 238 captive rearsd juvenile muggers have
been released in the Reserve. Out of 99 muggers released in river
Budhabalanga, 12.1% excluding wild-bred hatchlings are seesn at
present. In river est Deo 34.7% aof 72 releesed are seen with some
wild-bred hatchlings. In river Khairi (Fig. 1), where 25 muggers
were released in April 1989 at Ransaguda, 15 uwere segen after 44
weeks within a stretch of 900 mt upstream and 1400 mt downstream
the point of release., Sightings were only 1 to 3 during the
monscon{Fige 2)s The future plan for mugger in Similipal include
(i) a last relsase in river Budhabalanga in January 1991, (ii)
reqular maonitoring of the wild populations, {(iii) continuation of
captive breeding programme at Ramatirtha for research, education

and to make available juveniles for restocking elseuhere.

188




INTRODUCT I40N

_ he Simiﬁipal-Tigar KHeservae 1s una af thuo aithean Tigaf
‘ Haservos Lo ensure perpetuation. of the tiger in its traditional
ecasystem. The Project Tiger was launched in India in 1973.
Two ysars later, in 1975, the crucodila canservation project
was launched.in the state of Orissa as a part of the joint
affort of the Gavernment of India, UsNeDePs and F.A.0. of the
United ‘Nations. .The mugger manpagement projact was established
at Ramatirtha in tha outskirt of Similipal Tiger Reserve. It
operated under thé direct supsrvision of ths Field Director

of the Tiger Reserve. nt'that-tima managamant of mujygar in
-matural habitats ware viewed for Hadgarh SanctUary.and Simili-
pal Tiéar Reserve. The present paper. overviews thes management

ang‘mahitoring of the mugger crocodile (Cro:cdles palustris)
in Similipal Tiger Reserve.

STATUS IN 1979
The Simlllpﬂl hills form aone of the mast rich water-shed
'araua of the Urissa state. The major perenniul river systama
canstztutas ‘Budhabalanga 1n the north, Khadksi and Khairi-
Bhandan in the . north-waat, West Deo in the . south-wost,
Salandi in the south and Fast Deo and Sanjo in the east.
Results of survay conducted in Novem:ber-0acember 1979 had
indicated that the mugger had virtually become extinct in the
-Similipal Tiger Reservs aréé._ The exact reasons for the -
‘extinction of muggers from Similipal wers not clsar. Houever,
~ the-survey party had taken note of adverse factors. lzke (1)
fishzng by . uaing explosives and nylon nets, (ii) firs in the
'nlvar banks formlng nesting sites, and (iii) natural effects
of activities of wild boar and moniftor 1lza;da.
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CAPTIUE BREEDINU AT ‘RAMAT IRTHA

Ramatirtha is located on the banks of river Khairi-
Bhandan, 1.5km west of National ttighway na. 6._The nearest
toun is Baripad¢(1Uka)in the same district Mayurbhanj.

. Airports at Calcutta and Bhubaneswar are 280km and 300km,
respectively, Nearest market is at Jashipur, 4km away. The
place exparlencas upto 165em annual ralnfall and a temperature-
range of 8% in December-3anuary tao 41 °¢ in May .. .

The facilitiss available include (i) one egg hatcheary,
‘(ii) one set af. tan hatchling pens==- sach with a concrete
peol. measurzng 2x2x0.3m with 1m width vegetatad basking land
all around, (iii) one set of twuelve yedrling pens, each holding
about 36,000 litrss watar over a surface area of 32 sgem. and
having basking areas of 1,5 t0_2.0m width all around, (iv) ane
breeding exclosure with land over 974 sq.m. and watsr over 1810
sq.m. and holding over 2.263'million litres water in three
pools of 0.026, 00233 and 14169 million liters connocted with
narrow channels, (v) two water pump'housap on the river bank,
{(vi) two water tanks with holding capacities of 1,45,000 litsrs
and 40,000 liters, (vii) one small laboratoxy, (viii) four
halls, and (ix) eleven residential buildings.,

Tba'cuptivn breoding programmo was sturtad with yuung
Imuggers.brohght in phasos from tho Tamil Nadu Forest Department
and Madras Crocodile banke. Captive roaring was commencad in
"1979 and first bresding took place in 1984,

Year Total Total _ S UrT v ival
| eggs ~  hatchlings Numbers %from % from
' eggs hatchlings
1984 -~ 29 14 e 27.5 5701
1985 76 33 2 3402 78,7
1986 207 107 - 74 3547 697
- 1987 - 79 - 35 . 31 39.2 8,5
1988 110 s4 50 45.4 92.5 ”
1969 110 51 . 50 45.4 . 98,0




Uur i Lho Pl Lwn youry roator at I.nntinnllmuu huun.
paxd to iwpruved hus sbundry conditions. fariodic health _
chacks, StUdJ of each mortality report und approach to redtify
Physical daformitlas at the early atqge of their appearance,
revealed pD sible nutritlonal deflczenc193. Guitable Teed
supplements were used and survival ratas have bean 1mprou9d.
The main -supplements ura: - (i) a mineral alt—mlx in thae
" proportion of 30-35¢g per Kg of pork fad to Lreeding adults
and othor juvonilos, and. (ii) ane 500mg Ostocalcium tablet
for aevery juvenileg eavery 15 days. In order to improve the
rate of fartillty of eggs and the hatching success, before tha'
1990 breeding season vitamin-E have been admninistered at: a
doge of, 400mg por adult for ton days. Thao brooding group noy
conatitu@as two males and four famales. During 1906 thers
were upto 13 adult femalas. |

| Other aspects of raesearch at tha captiue breeding center
are: (1) territory occupation in relation to all phases of
breeding to draw attention tao spacic~-temporal caontrol measures
needed to"human actlUltlBS in a mugger sanctuary, (ii) growth
and sunplual of young muggers living in simulated natural
condztlnns with the group of breeding adults, and (iii) sex=-
ratio in muggers when eggs are incubatad in-situ under shade
and under direct sunlight.

RESTUCKING  IN SIMILYIPAL

Three river systoms have boen used for the restocking
programme. Thaae ara rivers Dudhaba langa, West Deo and Khairi.
Since ‘the natural populations had virtually become extinct,
- the attempt was to reastock with animals from any particular
‘'yecyraphic region. Therefore, all reloases have been with
muggers directly prncufed from the state of Tamilnadu or
praduced‘through_Captiue breeding of Tamilpadu strains at '
Ramatirtha and Nandankanan. There is, however, a passibility
that strains from different localities in Tamilnadu have got _
mixed for 'natural selectlon' to play its role through offspri-

ngs of the restocked muggars. 191




_ Out of the total 238 number of muggers relsased, 94
were brought from Tamilnadu, 12 from Nandankanan captive
breeding project and 132 from thahﬂamatirtha project. These
have been released in rivers Budhabalunga (99 nos.), West Dea
{72 nas.) and Khairi (67 nas.).

. as Fo‘loms. |

The details af raleqses are

of

bt. River/Place in Stock from Total Sax Scute”
‘release STR where which nos. *M/F clipping
released place relsased used
'81Apr.18 ' R.Budhabglanga TN 60 - -
*85May - 26 . |
*Jun.US . R.Wost Dga - TN 18 8410 -
“*86Nov.30 R.West Deo - RT 26 - -
| | o TN 16 8/8 -
*87Dec.06 R.Budhabalanga RT 39 - L3
- - Jambu bridge _
180Feb.24 R.Uest Dea: NK 12 1/17 14 (mala)
o Patabil nalla R4 (femala)
*89ApT.24 R.Khairis RT 25 - L5
_ Ransaguda o o
190Feb.08 R.khairi: RT' 42 _ 10/32~t6§ma19)-'
o Kultapur total 238 ' R6 famala)

h-Stock: NKs Nandankanan; RT3 Ramatirtha, TN: Tamilnadu.

1
22t olof 1M 2o

fiis. Mo
do on

auubla-row tail wharlss L3 laft,

R:. right; digits 3, 4, 5 and 6: the sarial number af
the acutes on left or right counted from bahind to frante.




(AUN IT IR ING ﬁESULTS' FROM - RIVER KHAIRI

All rivers in Similipal have rapids dotted with small
 stratches of doep pools. Thaso deep pools have formed the
- “main territories of the rehmbilitatéd muggsrs. Because' of
rocky neture, the rivers are unsuitable for navigation.
Walking along the banks is generally difficult because of

the tar:éin. Furthermorse, because of a high concentration

of the tiger and elephants monitoring expeditions huve

always prescnted risks of éncountering with these animls.
During the monscen, from June through Octobsr grdund lagches
aro innumsrable. Under such circumstances, tmonitoring hes
been kept limited to a stretch of 10km in river Khairi. From
the point of mugger relasass the strdaches are 6km in-the downstream
and &km in the upstreame. The river bank has been marked alang
‘both the direction at svery 100 metres interval with increasing
numegrals. ' "

© Counting of muggers havs been dons by walklng along the
banks during the peak known hours of basking durlng the day.
At the tims of prepa:atlon of this report data on regular
monitoring were received for 44 weeks. There were, in an
average. 3-4 observation days svery week. No obhservation could
~ be recorded dufing the megksl:EndJng, July 24, Septamber 11,
Jctaber 02 and October 30. Rainfall during the study period,
mea sursd atﬁubber;aarha Kamda in the scuth and Ramatirtha in
the north-west of monitoring zone (Fig. 1), were 252cm and
16Gcy réupactiuely;_ The ambiont temperature during the st udy
pariad'rangaq-nuar 4-41°c at Upba: Barha Kamda and 9-419C at
Ramatirtha. ‘ '

, During the first weak of mon;tcrzng, that is, ‘25 Aprll
t0 .01 May 1989 ‘the number of muggers sighted ranged from 2 to
11. Only 1 to 3 muggers wers sightad during the monsoon -
period of 25 July to 23 October 1989. Thersafter, the ratas,
of sighting were better. During the 44th wesék, beginning on
the 20th February upto 16--muggers were sighted out of the total
25 released on 24 April 1989 (Fig. 2)% :
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.Uith rsspect to the place of rolease, the lcéutions
of 16 muggers sighted during the 44th week of monitmring'
are a8s follows (dt. 23 February 1990). '

Listance from the Numbers of mugger sighted
pluce of ruvluase s
in metors up st roain ‘ _ ~ downstroeam
'[_]-100 -0 1
100 - 200 2 0
200 - 500 0 0
300 - 400 " 1
400 - 500 0 3
500 - 60U 2 h]
600 - 700 0 2
700 - 80U 2 0
800 - S00 1 0
- 900 ~1000 .0 0
1000 -1100 0 0
1100 -1200 o g
1200 -1300 0 0
1300 ~-1400 o 1
1400 - beyoand o 0 .
: + (upto 4000 motors) (upto G000 moters) |
. .- . 8 numbers 8 nos.
‘Total (frOm 100 - 900 meters) (from 0 -~ 1440 m.)

-ﬁftar the first tan months of relesase 16 of the 25
(64%) muggers remained withim a stratch of 2.,3km — 500m
in the upsfreém'and 1400m in the dounstream.

._Previous racords of movement of muggers back in the
‘wild arg .thosa of (i) ons 170cm young that moved over 1 Sk
' in nine .months, (ii) two muggers, 56 +9ch and 54.3cm long

which moved over 10.8km in 18 months, and (iii) seven of
eight muggers confinihg to a stretech of 3km in a post-releass
_-dufatian'raﬁging frum 3 months to 4 years. Thess movemsnts
i . 194




refar to a lake habitat in {rissa (Acharjyo and rhhapatra, 1978,
Singh, 1985}, riuer Muhanadi in the Satkagiiia’ Gorje Sanctuary
(Singh, 1963) and river Krishnma in Andhra Pradash (Choudhury
and Bustard 1982), respectiualy. The data from Khairi in
Slmlllpal Tiger naserue ars for a much largar number of muggers
and the manltorlng was dona continuaualj from- tha datg of
release. n low rate of sighting in the study arosa durlnq the
monsaon may be bacause of movement of the Juveniles into the
smallar tributaries and creeks to avoid the current of the main
_river and follow the movement of pray-fish, as havo been
suggastad for similar movements af gharial (Bustard and Singh,
1983). , _
A cnmparlsnn of the data on movement of mugger under
d;Ffarenc studies cited in the aboua, with these of gharial
(Bustard and Singh, 1363; Singh, 1989) suggest that out of these
two sympatric speciss, mujgers move lass. It is trus, howaver,
that the first few wesks after release igs a '‘wandering or
explaring phase' for both the species. The absence of 9 of the

25 muggers released in river Khairi indicatas that thasd have
shifted out of the study area aithar during the initial *exploring
phase' or during the monsoon flooda. Soon after the monscon
‘we had reports about two juvenile muggers that entered a village
-pond situataed close on the banks of, and getting flooded with
waters fr om, river Khairi at about 45km downstream from the
point of release. The ‘'muggers had returned back to tha river
beforg more informstion could be collected on thess.

The. second release in river Khairi was conducted during

February, the Bth, 1990 with 42 Juuenilaa. After ong month,

32 (76.1%) of the juveniles were localised within a stretch of

2km of the paoint of release.




SIGHTING RECORD - FROM OTHER RIVERS
(Januvary 1990)

In river Budhabalanga a total of 99 mudgers have been
released between 18 April 17981 and 0S5 December 19687. Tuwelve
af thess are sighted ut present. The lacations of these are
at Jumbubridye:2, downstraam the bridye: 1, dalidarha:3,
Chhatadarha:2 and Manikidarhas:4.

In river West Dso a total of 72 muggers have been
released between 26 May 1985 and 24 February 1988. _Locatians
known for 25 of thess are at Tinadiha (6)s Mankeda~darha near
Sapaghara field (4), chhuagada (7) and Patabil bridge (8)

Compared with the data from Khairi, where 71.6% of the
releasad”muggers are sightad, ‘the data for Budhebalanga (12.1%)
and Yest Deo (34.7%) are louw, Nevertheless, hatchling muggars
have-been sighted in the latter two river systams suggesting
that thé'rahabilitatad muggers have settled down toc na2tural
oreeding in Similipal Tiger Roserva.

FUTURE PLAN FOR MUGGER IN SIMILIPAL

T. Thers will he no further re;aasa-in rivers West Dea and
Khairi. '

2. :In river Budhabzlanga 15 juveniles- will be roloasad in
the last. woak of Januury 1991, This will constitute the

© last ralease of captiua;raared mugger in Similipal Tigsr
. Reserve. o ' :

3.. The wild populations ifA all the rivers will be monitored

' to'assess the trend svery year.

4. Round-the-year monitoring will continue for the releasss
conducted in river ﬂhairi with base camps from Kabataghai
“and Jenabil, _ S _

5. The captive breeding unit at Ramatirtha shall continue
until:tha State Gauernmant_décides otherwise. The products
of captive breeding wili ba,supplied, when not required for
Similipal, for releases elsswuhers in the state or for

_ purposes to be decided by the Coua?nment.’

G Reséarch‘and-adUCétiun actiu;tisa at_Ramatirtha shall

cun't.'i'.nua .




SuUimumARY

Crocodylus palustris were considered to be extinct in
the perennial waters of Similipal Tiger Reservs by 1980, Thé
terrestrial and aduatic habitats, encompassing an area of
2750 sq.km,, are undar}actiue conservation management since
1973, Between April 1981 and February 1990 a total of 238
captive raaréd_juuenile muggers have been releasad in the
Ressrvs. Qut of 99 muggers releasad in river Budhabalanga,
12.!K'ékcluding wild-bred hatchlings are seen at prssant,
In river West Deo 34.7L of 72 releasad muggers and wild-brad
hatchlings are seen. In river Khairi, where releases have
bean made sincs April 1989, 71.6% are sesen when reports last
camg in . During a thorough monitoring over 44 weseks, out
of 25 muggers relsased at Ransaquda in river Khairi 16 young
onas c¢ould still be saen wiﬁhin a stretch 900m upstream and
1400m downstream the point of releasa. During the monsoon
sightings were from 1 to 3 mugyers. The futurse plan for
mugger include (i) last ralease ih Januarg 1991, (ii) regUlar
monitoring of the populations in the wild, (iii) continuation
of the captive breeding unit at Ramatirtha for research,
education and supply of captive reared juveniles for restocking

elsewhera.
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CROCCODILE FARMING IN SOUTH AFRICA -

THE IMPACT OF FARMING TECHNCLOGY ON PRODUCTION EFFICIENCY

G.A. Smith*
Department of Animal Science
University of Pretoria, Pretoria 0002

Republic of South Africa

J. Marais~*
P.0O. Box 414
Botha's Hill 3600

Republic of South Africa

The Nile crocodile (Crocodylus niloticus), which is indigenous to

(r

Africa and Madagascar, used to flourish in large numbers from the

1,

h the vyears

A1)

Cape ©f Good Hope northwards inte Palastine. Thrsa

]

the crocedile populations in Africa dwindled, largel because cof
man’'s intervention. In certain areas where iarge numbers used to
roam only a few animals may be found today. I% is estimated that
the total wild pepulation of the Nile crocodiles in South Africa
today number about eight thousand individuals, a figure which
includes the populations within protected areas such as the

Naticnal Parks.

In South Africa the population of Nile crocodiles is ¢n Appendix
I of CITES and protected by provincial legislation. Prospective

and present croccdile farmers are therefore not permitted to

*Coordinators: Crocodilian Study Group of Scuthern Africa
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harvest eggs, hatchlings or broodstock for commercial purposes.

Though these reptiles are protected in the wild there are,

at present, no programmes in motion to restock any areas.

Crocodile farming as a commercial venture has however become
popular in South Africa with about 25 farms being operated at
present. The industry as a whole is however still in its infancy

with a limited number of hides being marketed,

Table 1 Number of Crocodylus niloticus hides marketed from

South Africa during the period 197% - 1989

Year Number of hides marketed
1979 - 1984 Q
1385 579
1986 83
1987 658
1988 1884
1989 4623

Crocediles were initially imported from Zimbabwe and later from
Botswana where, according to the CITES c¢lassification, these
reptiles were listed as Appendix II animals. The lack of
suitable stock, with respect to both hatchlings and broodstock
has lately become a major problem for farmers. The demand by new
entrants, who are obliged to purchase captive bred stock from a

few of the existing farms, has caused prices to rocket. The

price of breeding females has increased from about US $225 only
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four years ago to an excess of $3800 at present. Hatchlings up

to 3 months of age that were sold for $19 a few years back are

now reported to sell well in excess of $7%5 each.

The data presented in Table 2 reflects the times when farms where
established indicating that, with the exception of three farms,
development teok place mainly during the last decade. Prom this
Table the present sizes of these farms, with regards to the
number of breeding females, can be deducted. Fourteen of the
farms are at present registered with CITES with a fifteenth

application being processed at the moment.

Table 2 Time of establishing the farm and the current number

of females

rarms established Number of females
Year Number of Cumulative Number Cumulative
farms
1970 - 1875 1 1 460 460
1976 - 1980 2 3 62 522
1381 ~ 1985 13 le6 1307 1329
1986 - 1989 8 24 392 2221

It is of interest to note the diverse backgrounds of the people
investing in or who is involved with the management of the

crocodile farms. Their primary activities may be as medical

doctors, property developers, baking technologist, persons
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involved in the building industry, game, pig or poultry farming,
fruit, vegetable or sugar cane production. Very often their
experience in the various professions or industries are reflected
in the «c¢rocedile farms with which they are involved.
Consequently, the technology employed at the various farms may
differ substantially. The farms further differ with respect to
the extend that tourism is utilized as a source of revenue, some
realizing & higher income from tourism than from the production
unit, In developing the present production technology, two broad

appreoaches are now being established:

- Primary precducers, with their own broodstock, rearing their
hatchlings until slaughter or selling them teo other

producers.

- Secondary producers, who buy hatchlings Zor the scle purpose

of raising them for culling purgoses.

Specialization of this nature may contribute significantly to the

success of the industry in the future.

The management approach and the technology employed by the
primary producers may differ substantially, an aspect which is
often reflected in the production efficiency of the enterprise.

Examining the different farming metheds employed at these units

are therefore of wvalue.




BROCDSTOCK ENCLOSURES

A male to female ratio of roughly 1 to 5 is favoured on most
farms. Some broodstock enclosures are designed to accommodate
one male with an average of five females, while others may house
enly two females with one male. Other farms have very large
enclosures with as many as ten males and fifty or more females in
a single enclosure. There are different schools of thought as to
which of these apprcaches are the ideal. No comparative data is
hcwever available from which reliable conclusicons can be drawn on
their reproductive performance,. Though not supported Dby
scientific evidence it does seem as if a higher conception rate
may be obtained in the larger enclosures, The design o¢of these
enclosures 1is of paramount importance in corder to prevent male
dominance, thus excluding certain males from the breeding process
with a resultant lower percentage of females laving fertile eggs,
a factor which add to the number of nonpaying residents in the

enclosure,

The design <f the encleosures vary with some being a single pond
with concrete enclosed laying areas, each large encugh £for one
female to enter at a time, while cthers are multiple ponds with
nesting areas of soft sandy strips well above the water line,
Some enclosures may be totally functional while others may be
beautifully landscaped mna*ural areas with waterfalls and
cascading water. It is of interest to note that controlled

tourist activity has no marked effect on the females.

Irrespective of the choice of encleosure it is essential that the

animals are properly tagged and the female's nest site identified
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so that accurate records can be kept of the female's reproductive

performance.

Table 3 Female record card

Tag NO: tivanenannnns . Origin of Female:.........¢cc.o..n .o

Date Enclosure No

........... ‘. e T L T T e N R I IR
R R 4 m 4 4 mm s aar am s P L PR R
P e e L P . T T R P R R R L L
P R I R R R R R R N A A A PR R R I NI ) s aa e .

Date Size {%otal length)

ReproduczTic
Date Ho, L No., HJo. No JOommencs

EgQgs Damaged Incubated Jatzhed

4 4 % s e oaaamw R P L I LR I R R A R B R I ) R R 44 4 4 m e
........ e T I L R R I B A S R S I B L A LI
e L L T R R A B B R P I IR I R R R R ) R R R A ke s s

Identifying marks/scars: .......ccaaauaas Ce e e Aesa e .

Madication: ...ceeraseennns .

]

P A I R R I R A | PR ] e 4 a e wmamaa P PR
1.-..-.....-. ------ P L L R R A R R BN B L I B 4 s a s
| ------ N R R A A A R A ] P R L R R B I w4 4w e oa o
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Without proper records it is possible that a certain female may

contribute nothing at all to the productivity of the unie,

without the farmers even knowing.

At present the following situation prevails in the breeding

units (Table 4).

Table 4 Reproductive efficiency during the 1989 - 1990

breeding season

Number of | Breeding | Number of | Number of Female®*
Farm | females interval |nests hatchlings | productivity
in unit \ index
A 130 - 100 3655 28,13
B 132 - 55 2002 15,17
C 300 - 44 2173 3,82
D 19 - 2 92 4,89
t

*Female productivity index = Number of Hatchlings/number of

Females kept

INCUBATION MANAGEMENT AND TECHNOLOGY

All the producers are making use of artificial incubators. The
eggs are removed within 24 hours of lay, plared into hatching
containers, be it baskets or boxes with vermiculite as the most
popular incubating medium. Incubators vary from fairly primitive,
yet effective systems to very sophisticated micro-processor

controlled units within which temperature is maintained at 31 +
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0.1°C and RH at 90%. Though various farmers experienced problems
with incubators in the past with hatching percentages varying
between 0% and 70%, results seem to be more promising at present

with the average hatchability of *+ 75% with the 1989-1990 hatch.

- Table S Hatching efficiency during 1989 - 1990 hatch

Number of Ave number Ave hatcha= Number

Farm nests of eggs/ bility of

nests Y hatchlings
A - 1o 43 8s 3655
B 55 52 70 2002
c 44 39 68,5 1175
D 2 S0 93 93
r

HATCHLING MANAGEMENT

The successful rearing of hatchlings will be determined by the
management and nutritional programmes to which the young reptiles
are subjected. Farmers aim to slaughter stock at eighteen to
twenty four months of age but due tc a lack of proper records at
most farms it is difficult to guantify the dJdegree of success

achieved in this respect {Table 6). A general growth period of

24 - 30 months seems to be a norm.




Table 6 Time required for hatchlings to reach slaughter length

of + 1,35 meter

Farm Range (menths)
A 21 - 36
B 18 - 24
C le - 30

The treatment of the hatchlings as from hatch will however be
c¢rucial in order to shorten the rearing period. The appreoach

adcpted does however vary substantiallly between farms.

While some enterprises place hatchlings in water immediately
after hatch, others keep the hatchling dry for a few days to
"harden up". Food is often withheld for the first 7 - 10 days of
their lives. These practices may affact +the witality of
crocodiles significantly with a dramatic affasct on their
subsequent growth. No scientifically based data on the pro's and

cen's of these practices has been located.

The effect of hatchling pens must not be underestimated. It has
been shown with wvariocus other species that group size and
population density may effect the performance of animals in an
intensive unit significantly. The present designs of rearing
enclosures differ dramatically in shape and size, where-as no
consistent norm is being used when it comes to group numbers or
stocking density. In general a norm of six reptiles per sgquare
meter until 6 months of age may suffice., Some units utilize

circular buildings with holding areas of 8 meters in diameter and
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a surface to water ratio of 1:1, using heated water to control

temperature. Others wuse large, specially-designed buildings,
capable of accommedating several thousand hatchlings under one
rocf with approximately 150 reptiles per pen. Scientific
evidence on the optimal group size and/or stocking density for

Nile crocodile hatchlings and rearing stock is lacking.

Most of the producers strive to maintain the temperature within
the grow-out units at around 31°C. There are some producers who
place their rearing stock out intoc open air camps at the age of
9 - 10 months where they &are kept until culled. This practice

may have a significant effect on growth performance.

Heat is generated by means of electric fan heaters, water heated
by coal, diesel or electricity and heat exchange pumps. The cost
eifectiveness of the wvarious socurces must be considered. Though
3loC'may be the optimal temperature for maximal growth, it might
not . be optimal when growth rate, feed conversion, stocking

density and heating costs are taken into consideration.

Table 7 Running cost of heating the rearing units

Heat source Cest
(Cent.kwh_l)
COAL 1,28
DIESEL 12,00
ELECTRICITY
Elements 1¢,28
Heat Exchange 3,43
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Although most producers aim at slaughtering their stock at the

age of 18 to 24 months, it seems as if this objective is not

being attained.

RECORD KEEPING, TAGGING AND MARKING

Growth performance can onrly be monitored accurately if hatchlings
are properly tagged. This, unfortunately, is seldom done with
only a few hatchlings being tagged by the producers at present,
making it impossible to describe and evaluate <the growth
performance on the various farms, Results obtained from two
producers who were marking their hatchlings are presented in

Table 8.

Table 8 Growth performance of tagged hatchlings

Farm . Length at 30 davs of age {(mm)
Average Longest
A 482 607
348 530

With regards to females, the situation is very much the same. If
females are not individually tagged, nests cannot be properly
identified and it is then difficult to link nests to specific

females in consecutive years. Linking hatchlings to females to

monitor fertility and hatchability is often impossible.




Those females that are marked are usually marked with numbered
Aussie cattle tags made of plastic., Unless great care is taken
when applying the tags, they do net stay on for more than a year

or two. The loss of tags centribute to poor record keeping.
NUTRITION

The availability of protein is becoming a major limiting factor
with scurces diminishing every vyear as meore crocodile farmers
enter the industry and wastage 1s being minimized or better

utilized by the other industries,

Cnly a few farmers have access to a regular source of red meat,
the majority of enterprises being dependent on mortality chickens
as food source, Consequently the diet of crocediles on any
particular farm will depend vwvery much on what 1s zreadily
available in- the areé. Due to the lack c¢f suificient protein
sources 1n certain areas, farmers have to travel further to
collect carcasses with some farmers sending vehicles as far as

120 miles to collect even moderate loads of protein.

In situations where an actual diet is compiled it may consist of
a mixture of muscle and liver with some producers including fish.

A typical diet with these ingredients would have the following

composition as presented in Table 3.




Table 9 Typical diet fed to hatchlings and juvenile crocodiles

Components %

Bone meal 2,00
Beef muscle 50,30
Liver 5,00
Fish (e.g. Clarias gariepinus) 17,57
Figsh meal 7,84
Cocked starch 14,29
Mineral and Vitamin mix 3,00

Composition on drv-matter basis

Energy (MJ.kg-l) 16,30
Crude protein (%) 45,00
Fat (%) a,31
Calsium (3) ; 1,55 5
Phosphor (%) 1,14

We are at present conducting trials with Nile crocodiles using
wet and dry diets with protein levels of between 45 and 48%

on a dry-matter basis, In these diets cooked maize starch is

utilized as an energy source with seemingly satisfactory results.




GENERAL

At present some of the farms are situated in areas where water is
scarce, temperature extremes are unsuitable for crocodile farming
and availébility of protein is a limiting factor. Other factors
such as disease control, irregular grading of the growing
hatchlings and rearing stock as well as ineffective management
preocedures have negative effects on the overall productivity of

the units.

When the productivity of the units is measured in terms of the
number of hides marketed, a distorted figure may be obtained dQue
to the fact that new entrants are at present relying heavily on
existing producers for stock. It is also possible that existing
producers are relying on the sale of stock to new entrants and
are therefore not exploiting or developing marke+ing cpoortunities

to their full extent.

Many farmers are also retaining animals for future breeding
projects or merely as an investment. All these factors have
contributed to the increase in the price of live animals which
has been so dramatic that it is now virtually impessible for new
entrants to venture into this type of farming without substantial

financial backing.
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CONCLUSION

Despite the fact that more than $16 m has been invested in the
South African industry in recent years, the industry is still
very limited when measured in terms of hide output. Producers
will have to become more refined in their farming methods with
respect to husbandfy -techniques and general sound management

principles,

Better communication amongst the dJdifferent producers and the
sharing of knowledge could enhance the development of crocodile
farming in South Africa and the profitability of the individual

operators,
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Pelletized alligator feed: an update

Mark A. Staton

Mainland Holdings Pty. Ltd.
P. 0. Box 196, Lae, Papua New Guinea

Larry McNease, Leisa Theriot, Ted Joanen

Rockefeller Wildlife Refuge, Rt. 1 Box 20B
Grand Chenier, Louisiana, USA

INTRODUCTION

The development of practical feeds for farmed alligators
(Alligator mississippiensis) has been the objective of
research conducted at or sponsored by Rockefeller Wildlife
Refuge for many years (MchNease and Joanen, 1581: Joanen and
McNease, 1985a; Staton, 1988; Staton et al., 1988; in press
a,b,c,d). Until recent years, vitamin-supplemented nutria
(Myccastor coypu) has been considered the best practical diet
for the large-scale feeding of alligators under intensive
culture. In a previous report (Staton et al., in press a), a
detailed analysis of nutria meat was presented along with
alligator responses to the supplementation of nutria meat
with a semi-practical and commercially prepared, pelletized
alligator feed (Burris Mills & Feed, Inc., fFranklinton, LA).
In these studies, excellent growth was achieved with
relatively high levels of supplementation (&40-70% of dietary
dry matter) of nutria meat with the dry diets.

The Burris Mill product is now in widespread use as a
feed supplement in the alligator industry. Newvertheless, the
availability of a commercially prepared diet which can
provide the total nutrition of farmed alligators is still a
high priority. The experiments reparted on here were
conducted in an effort to yield information which could lead
to the improvement of commercial alligator feed.
Specifically, we detail alligator responses to modification
of the protein and amino acid composition of this diet.

METHODS aND MATERIALS

Animals and housing.---These experiments were conducted
at Rockefeller Wildlife Refuge, Grand Chenier, Louisiana,
using pens and feeding/cleaning procedures which have been
previously described (Joanen and McNease, 1976; 1977; Staton
et al., in press a). In each experiment, twelve tanks
containing alligators were assigned to each of four diets
such that there were three replicates per diet.
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All experiments were conducted with alligators which
originated from eggs that were artificially incubated
according to methods described elgsewhere (Joanen and McNease,
1976; 1985a,b). at the initiation of experiments I and III,
alligators were 6 months old and averaged 695 and 662 g body
weight, respectively. Experiment II was conducted with &
week old alligators averaging 108 g body weight at the
beginning of the experiment. The three experiments lasted 8,
18, and 8 weeks, respectively.

RDiets.---In experiment. I, Burris Mills 45% protein
alligator feed (described in detail in Staton et al., in
press a) was fed either as a total ration or supplemented
with methionine (DL-methionine as 0.2% of diet), lysine (L-
lysine, 0.9% of diet}, or both methionine and lysine (0.2 and
0.9% of diet, respectively).

In Experiment II, the Burris Mills 45% product was
modified by supplementing with a high-protein premix {Table
1) which raised the protein composition of the supplemented
diet to 54% of diet while maintaining methionine and
isoleucine composition (expressed as a percentage of protain)
constant. Both the 45% and 54% protein diets were then fed
with or without further amino acid supplementation. The
result of these amino acid supplementations was to raise
methionine content by 0.4% of distary protein and isocleucine
content by 1.0% of protein.

Table 1. Experiment II: High-protein supplement used to
raise protein content of the 45% protein Burris Mills
alligator feed to S4%.

Ingradient %
Fish Meal 37.00
Feather Meal 18.90
Blood Meal 13.40
Isolated Soybean Protein 2.90
Gelatin 3.00
Cysteina Q.20
DL-Methionine 0.1
Poultry Fat 8.00
Carboxymethyl Cellulose 2.00
VYitamins 1.00
Potassium Carbonate 0.60
Sodium Chloride 0.50
Trace Mineral Premix 0.20
Selenium Premix . - 0.0S
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In experiment III, a Burris Mills 56% protein alligator
feed was tested. The control diet consisted of the blend of
nutria meat and the 45% protein Burris Mills alligator feed
currently used in the alligator industry. The 56% protein
product was feed either as the sole dist or supplemented with
either chicken liver or a premix (Table 2).

Table 2. Experiment III: Contributions made to 56% protein
experimental diet by a premix used as 3% of dry ingredients.

Contribution to

Ingredient Experimental Diet (%)
Isoleucine 0.4
Potassium Carbonate 0.6
Arginine 0.9
Vitamins Q.6
Taurine Q.5

In all experiments, dry diets were used by adding water
(50% by weight) prior to feeding or mixing with the meat
componant. Where necessary to create dietary treatments, the
aming aclid modifications described above were made by
dilution.

RESULTS

Experiment I.---The greatest source of variation in
alligator production criteria was the particular tank 1in
which alligators were raised. 0Oiet did not significantly
influence alligator performance in this experiment. The
effect of methionine on feed conversion and of lysine of feed
consumption approached significance, and it is possible that
such effects would have proved 51gn1f1cant in an experiment
of longer duration.

Experiment II.---Protein levels was the single factor
influencing alligator production criteria in this expariment.
Gains in body weight and total length were significantly
improved by incrzasing the protein level of the dist. The
influence of protein level on feed conversion approached
significance (P>0.063). Significant differences between
tanks did not exist as in the previous experiment.
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Experiment II1I.---The control diet, consisting of the
45% Burris alligator feesd/nutria meat blend supported greatly
superior performance compared with other diets (Table S}.
This was true despite the fact that consumption of the
control diest was significantly less than other diets.
However, wastage of the remaining diets was apparent. Hence,
consumption and feed conversion data many not be reflect true
consumption. Despite feed wastage, feed intake of alligators
in this experiment did not appear to be restricted.

Table 5. Experiment III: Performance criteria of alligators
as influenced by diets consisting of the nutria meat/45%
protein Burris Mills alligator feed or a Burris Mills 5&%
Protein alligator diet, fed as the socle ration or
supplemented as shown.

-- Gain in --—- Dry Matter

Body Total Dry Matter Feed:Body

Diet Weight Length Consumption Weight Gain

-~ g-- -em- =-=-- g --—- =---- g/g --
45% Burris/Nutria 743a 145a &6157a 1.204
56% Burris 272b 106D 11743b & .44b
5&6% + Chicken Liver 345b 11950 122580k 5.08kb
56% + Supplement 2800 113® 113670 7.20b
—————— Mean -----—- 410 126 10381 4.98
—————— SEM —-————-- 56 5 8623 1.30
ANOVA P>F (Diet) .001 .CO1 L0011 . 0dé

DISCUSSION

The dietary protein requirement of alligators is
apparently greater than 45% of diet. Staton 2t al. {in press
b) reported a digestible protein requirement of 42.5-48.7% of
dry matter - or approximataly 48-34% as manufactured. Hence
the 54-56% protein diets of experiments II and III would
“appear to satisfy the protein requirement. These orotain
levels are similar to the protein content of the
coemmercially-used blend of Burris 45% alligator feed and
nitria meat, but these manufactured rations did not sucoport
performance equivalent to that pellet/nutria meat
combination. Thus other factors account for the lack of
performance of alligators fed the higher protein manufactured
diets. In the present experiments, manipulation of amino
acid levels did not result in improved performance. Only
with the protein deficient diets of experiment I did the
effect of amino acid supplementation approach significance.
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Further refinements of current feeds and feeding methods
are apparently needed to have complete, cost-effective
nutrition totally supplied by pelletized feeds. Part of that
improvement may be expectad to result from nutritional
improvements. Other factors, however, including management
and manufacturing, are sure to be involved. After
adjustments in protein level - with corresponding attention
to energy (see Staton et al., in press) - improvements in the
method of preparing and offering the feed appear to hold the
greatest promise in achieving the goal of total nmutrition for
optimal performance with commercially prepared feeds.
Recently, it has been reliably reparted (0. Burris, pers.
comm.) that a group of farmed alligators fead exclusively with
the 45% protein Burris alligator pellet have achieved growth
equal to that of cther farmed alligators fed any other diet.
The difference between this field experience and experimental
results reported here and elsewhere appears to lie in the
manner in which the diet was offered. Complete feeding
farmed alligators with pelletized diets thus ssems achiavable
in the near future.
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Processing Yields From Farmed Crocodiles
(Crocodylus porosus and Crocodylus novaeguineae)
From Papua New Gulinea

Mark A. Staton, Brian Vernon, Greg Mitchell, Ralph Sigap

Mainland Holdings Pty. Ltd.
P. 0. Box 196, Lae, Papua New Guinea

INTRODUCTION

Over 3000 saltwater crocodiles {(Crococdylus porosus) and
11000 freshwater crocodiles (Crocodvlus novaseguineae) were
harvested at the Mainland Holdings crocodile farm in the last
12 months. Because of the guantity of hides and meat that we
produce, we seek to improve our methods of planning culls to
meet cash flow requirements and market needs. To develop
such procedures, it is necessary to predict the amount of
marketable product available from live farm stock, sometimes
many months in advance. This report outlines ons approach we
bhave recently used to achieve this.

METHODS

During 1980-1982, records of the size (total length,
live and salted belly width, body weight) and growth of
thousands of crocodiles on the farm were collected.
Additional data on thousands of animals were obtained during
culls of the past vear. We have used random samples (Table
1) of these data to develop species-specific pradictive
relationships betwean length, weight, and bally width(s),
within the sample limits defined below.

Meat processing vields were determined for a total of 44
C. novaegulineae and 36 C. porosus., Immediately after
skinning, the heads, feet and viscera were removed to produce
a "dressed carcass”’. The legs were removed at the shoulders
and hips and were not further procassed. The remainder of
the dressed carcass was divided into tail and "upper body”
{torso) portions before deboning and defatting. Tail girth
was measured at the base of the tail at the point of maximum
diameter, usually 3-4 scale rows from the rear edge of the
hind leg. Descriptive statistics of the sample are given in
Table 2.

Records on 1989-1990 feed consumption and live body
weights in pens, each containing several thousand crocodiles,
have allowed precise 2stimates of feed conversion and body
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weight gain. These estimates of growth, combined with hide
and meat yield information have made possible predictions of
future product availability.

RESULTS

Size Relationships.----In terms of farm management and
the ability to make size estimates from feed consumption and
conversion data, we have found body weight to be the most
useful overall indicator of crocodile size. Therefore we
have analyzed size relationships in terms of body weight.
Table 3 shows that belly width (both live and salted) and
total body length are guadratically related to body weight
within the limits of our sample.

Tail girth (TG) was directly related to body weight.
ACross species, the predictive relationship was TG = 23.6 +
1.095*%BW (P<0.001, R2=x= ,899), where tail girth is expressed
in cm and body weight in kg.

Meat Yislds.-—--Meat yields, expressed as percentages of
body weight, are presented in Table 4. Yields were generally
similar for the two species and sexes, but statistically
significant differences existed. Some, but not all
differences were due to a species-related size difference in
the samples. For example, legs comprised a smaller
percentage of body weight for ¢. porosus than C.
novasguinegae. This is a function of greater body size in the
saltwater sample and the fact that, expressed as a percent of
body weight (BW), hindlegs (HLP)} and forelegs (FLP) were
smaller for larger animals (HLP = 6.434 - 0.191%BW +
0.003%B2; P<0.001; R2 = 0.388; FLP = Z.744 - Q.202%BW +
0.005*%BW2; P<0Q.001; RZ = 0.381). Linear regression analysis
of the other yield criteria did not show a significant
influence of body weight. Thus other differences appear to
be species and sex related. Saltwater crocodiles had
slightly larger tails and more tail meat than freshwater
crocodiles. Overall meat yield, expressed as a percentage of
body weight, was slightly greater for saltwater crocodiles.
Across species, females tended to have proportionately larger
upper bodies and more upper body meat than males.

DISCUSSION

Using the regression equations develcped above, it is
possible to determine the amount of skin or meat products
available given some knowledge of the liveweight of
crocodiles in a pen. However, we do not regularly weigh
crocodiles during growout as this reduces food consumption
and growth. Instead, we can make use of our records on feed
consumption and feed conversion to estimate average body
weight of crocodiles in pens. Using these estimates, the
potential yield of meat and skins can then be calculated.
For example, given (1) a pen stocksd with 300 freshwater
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crocodiles with an average weight of 5.0 kilograms:; (2) dry
matter feed consumption of 3000 kilograms over six months;
(3) dry matter feed conversion of 2:1; and (4) zero
mortality, a new average body weight of 10.0 kilograms can be
calculated. Based on an average body weight of 10.0
kilograms, it can be estimated from the equation (1989
sample) in Table 3 that 31.2 x 300 = 9360 cm of salted belly
skin are available. Likewise, from average yield figures in
Table 4, it can be estimated that 300 x 6.55 = 1965 kg of
dressed carcasses can be produced.

Similarly, it may be desirable to predict the future
market value of a pen of 300 saltwater crocodiles averaging
5.0 kilograms body weight - say, in 5 months. Qur growth
records suggest that these animals would average 8.5
kilograms with 5 additional months of growth. From Table 1,
it can be calculated that an 8.5 kilogram saltwater crocodile
would average 29.5 cm in salted belly width. Thus the pen
could be expected to produce approximately 29.5 x 300 8850
cm of saltwater belly skins. Similarly the 300 x 8.5 2550
kilograms of live body weight in the pen should (using
average saltwater yield percentages from Table 4) produce
approximately 1670 kilograms of dressed carcasses, 153
kilograms of legs, 581 kilograms of bone-in tail, 372
kilograms of deboned/defatted tail meat, and so on. These
calculations take on meaning, of course, in the estimation of
future economic returns to the farming operation,

To ensure gogd management practices as well as to
increase ‘the accuracy of the estimating procedurass discussed
here, it is important to maintain variability in body weights
as low as possible. This has been done by segregating
crocodiles according to species and size (0.5 kg size classes
for most pens). In the future it may be possible to
segregate sexes.




Table 1.
used to determine size relationships.

Descriptive statistics on samples of crocodiles

-~-~-~C. ngvaeguineag--- —-—-- C. porosus—---
Females Males Females Males
1980-1982 SAMPLE
Body Weaight (kg)
Mean (N) 8.4(97) 2.0(96) 10.4(91) 12.2(90)
Range 0.9-27.4 1.7-26.4 1.2-27.¢0 1.2~-39.8
Std. Dewv. 5.8 5.6 7.6 2.8
Total Length (cm)
Mean (N) 118(97) 121.5(96) 135.0(91}) 137.1(990)
Range 66—-184 T77-165 80-191 76-213
Std. Dev. 27.7 24 .5 32.6 6.2
Live Belly Width (cm)
Mean (N) 29(97) 30(96) 32(91) 33(90)
Range 14—49 15-47 15-50 16-57
Std. Dev. 9 9 1L 12
Salted Belly Width (cm)}
Maan (N) I6(29) I7(30) 40( 30) 41030
Range 28-43 32-43 Zl-46  26-51
Std. Dev. 3 2 4 5
1989 SAMPLE
Body Weight (kg)
Mean = mm==a 7.1(77)-~——~ === 9.4(75)~--~
Range ——=—2_.4-16,3-——- ~===-2.5-25.0-~~~
Std. Dev., 0 m—mme——a J.4———=—=  mmmm— 4. 7-——-—=--
Salted Belly Width (cm)
Mean  -==-- 27(77)-=--~  -———- 29(75)-----
Range = —-—==-- 18~ 36=-=—-—-——- = -m=== 18-44---—--
std. Dev.  —=————- 4-——----- - 7ommmmmm-




Table 2. Descriptive statistics on samples of crocodiles
used to determine meat processing yields.

-==C. novaeguineag-- =----- C, porosus-—---
Females Males Females Males
Body Weight (kq)
Mean (N) 9.5(20) 3.7{23) 11.3(26) 15.5(10)
Range 6.9~12.8 6.3-13.2 7.5-16,3 10.3=-21.0
8td. Dev. 1.8 2.1 2.3 3.1
Tail Girth (cm)
Mean (N) 35.7(14) 35.6(24) 36.0(22) 40.4(10)
Range 30.5~40.0 31.5-39.5 31.0-42.0 35.5=45.0
8td. Dev,. 2.7 2.4 3.0 2.9

Table 3. Regression equations for the prediction of total
length, live belly width, and salted belly width from live
body weight of crocodiles, Crocodylus novaeguineae and C.
porosus, within sample limits described in Table 1.

Dependent

Variable Equation1 P>F R2
- 2 e m=ew--=-=Crocodylus novaeguineag--————==== e —————
Total Length (cm) 69.747.734*BW=0.1584BW2 0.001 0.9€8
Live Belly Width (cm) 12.2+2.655*BW-0,052%BWS 0.001 0.964

Salted Belly wWidth (cm)

1980-1982 Sample 20.6+1.310*BW—0.013*BW2 0.001 0.847
1989 Sample 12.7+2.800*Bﬁ-0.095*3ﬂ2 0.001 0.954
- - 4--—-Crocody1us POrosSUS~~=ewwemmcccnaaana -
Total Length {cm) 79.2+7.009*BW—0.110*BW2 0.001 0.966
Live Belly width (cm) 13.5+2.273*BW-0.035*BW2 0.001 0.966

Salted Belly Width (cm)
1980-1982 Sampla 21.6+1.092*BW-0.010*BW2 0.001 0.886

1989 Sample 15.7+1.908*BW-0.034*BW2 0.001 0.967

IThe independent variable (BW) baeing live body weight in kg.
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Table 3. Experiment I: Performance criteria of alligators
as i1nfluenced by the supplementation of the 45% protein
Burris Mills alligator feed with DL-methionine and/or L-
lysine.

4 Week 4 Week Dry
Added Added 8 Week Body Dry Matter MatterFeed:
Methionine Lysine Weight Gain Consumption Body Wt. Gain

---- % of Diet ---- ~w=—= g ===- —--- g -—-= =--=- g/g ---
o o] 478 4978 2.44
0.2 0 485 4950 2.18
0 0.9 484 5380 2.53
.2 0.9 474 5096 2.34
------ Mean ------ 480 5099 2.37
—————— SEM —————--=~ 13 130 0.12
ANOVA P>F
Tank .002 .0Q1 .021
Methionine .918 . 260 . 108
Lysine .824 .Q75 . 347
Methicnine X Lysine .513 .379 . 809

Table 4. Experiment II: Performance criteria of alligators
as influenced by the supplementation of the 45% protein
Burris Mills zalligator feed with protein and aminc acids
{methionine and isoleucine).

Protein Added -- @ain in --- Dry Matter
Lavel Amino Body Total Dry Matter Feed:Body
% of Diet Aclds Weight Length <Consumption Weight Gain

--g----¢em- ----g---- =---g/g ---
43 - 439 147 7115 1.35
45 + 433 150 7439 1.43
54 - 474 276 &£852 1.20
54 + 490 307 7196 1.30
—————— Mean -~------ 459 220 7151 1.30
—————— SEM —-=-=-~——- 9 22 130 0.12
ANCVA P>F
Protein .002 .001 601 -0&3
Amino Acids . 549 -468 -404 -.537
Protein X Amino Acids .259 .551 -982 -713




Table 4. Meat yields (as a percentage of body weight) from
Crocodylus novaegquineae and Crocodylus porosus.

C. novaeguineae <=-C. porosus--
Females Males Females Males Overall

X % X % %
Dressed Carcass 66.1 64.9 66.3 64.7 65.912.3
Legs
Hind legs 5.1 5.2 4.3 4.1 4.31s2
Forelegs 2.4 2.5 1.9 1.8 2.21/2
Tail -
Total 20.6 19.9 22.3 23.3 21,332
Meat only 13.4 13.1 14.3 14.9 13.8%/2
Upper Body
Total 38.1 37.3 37.8 36.9 37.6°
Meat only 18.5 17.3 18.5 18.1 18.13
3

Total Meat? 31.9 30.3 32.8 32.9 31.31/2

1Significant differences (P<0.05) exist between species-sex
combinations.

2Significant differences (P<0.05) exist between species.

3Significant differences (P<0.05) exist between sexes.

4peboned and defatted tail and upper body meat only:; excludes
lags.







S50UTH CARQLINA ALLIGATOR PROGRAM UPDATE

Thomas Swayngham - South Carolina Wiidiife and Marine Kesources
Department, P.0. Drawer 170, Bonneau, S5C 29431-019%0

on Aprii 1, 1983, the South Carolina Wijdiife and Marine
Rescources Depariment implemented the Alligator Contro! Program to
evaluate and resolve nuisance alligator complaints. The progranm
also oversees any zommercisl business involving alligators and

their productis as w=il as evaiuating possibilitiss for =2xpansion
2f praogram activitiszs,

The ziiigater in South Carolina hkhaz made a tremsendous -omeback
since coming under protezciion In 1224 due to threat ar
gxrinction. They have recovered to the peoint where a 1%8F census
estimated & statewide population of 100,000 znimals. The
alligator was reclassified in July of 19427 as threateaned due ta
similarity of appearance siatswide, Prior fto that time 1+t nad
been classified as endangered aiong the coast znd threatened
infand.

The range of the alligator in South Caroiina zeneraiiy 2xt2nds
from the covast iniand to the fall [ine. ne 7aii linse is +*the
limit 2f navigable waters and deliines=-ss thz “zIsz<za: Plais Traom
the Pisdment physiographiz 1 Aporoxt : B

gtata’s alligzator population 3
mrackish zoastal wetrtlandg, 2 CRMNRANT
impoundments onee used for 2 2T Wwhiash
have been restored for uss

The rocovery of the alligstor iad o Tnha2 rmpld
residen*tial and resort develor are=ss3, CF3ulting in
fnereased numbers cf 2noounter i o= i

This i2g f2 a <ocrresponding i g Tomp =

Wwith the past lneffoctiveness o g2tor cszlzzanicon
efforts due to the refusal of = 3. in Thair new areasg,
thig orogram implemented a controlisd harswvest =or ifdentirizd izargs=
nuigance animais.

The C2astal Pizin af South Carolina has been Sivided intz =
alligazor districts, Each district has 3 cocordinazor who
receives and evaliuates the compiaintz in That ar=a Th=
coordinator, wno 1Is 3 Law Enfarcement Zaphtain or Wiid.ifs
2izlagizst, decides which 2nimais are 3 gonuins $hrsa- 11 T223%i2
>r praperty and need t2 bhe removed. WOARM &N 3:i1737TSr nas 2een
ziassified as a ithreat, the coordinator writes = ~colilscting
permit and forwards it to an alligator agent, who zsaptures and
kiils the animal. Alligator agents are private individuatls
working under special contract with the Department, They recegive
no zalary but may sell the meat and any other products, excepting
the hide, from the animals they take. The hide is soid by the

229




Leparfiment with 50% of +the proceeds going to the agents, 42, 8%
ng to the Departmeni and 7.3% gring te the hide grader and
=]

Aililgator 2omplaints numbered 5350 in 1535 and 455 in L3459 in
Jouth Carolina, Three hundred and seventy-cocnme (371, aliigateors
were raken ({n L3788 and 2458 were taken in 1959, This ds2crease in
complaints {s probably the result of twa thinzgs; the 371
alligators removed in 1988 were not present to cause Fpreblems in
1989 and, there was meore pubiicity about the program in 1958
which proktabiy generated more complaints. [t will be inferesting
to see the eoffect that Hurricane Hugo will have on the number of
cempiaints this year, since a3 good deal of criae alliigs+=rp
haoitat has been adversely affested by the storm,




Freliminary notes on the status and conservation of Caisan
latirostris in the State of Sao Faulos Erazil. Directions of the
captive breeding, reintroduction and management PIrog-am.

LUCIAND M. VERDADE and ABEL LAVOREMTI

Centro Interdepartamental de Zootecrnia & Eiologia de Animails
Silvestres - Escola Superior de Agricultura “"Luiz de Queiroz" -
Universidade de Sao Faulag

CIZEAS -~ ESaL® - UsF CuF 09 CEF 13400 Firacicaba BF
Brazil

Introduction

The interest G breeding broad-snouted-—calman [ Ca il manm
latirostris) in captivity has increased 1n Bracsil 10 the last
JEAIrS. It may be due to better awarenssz of the public LR 1100
about the environmental probleins af the cournbiry. i bued 1y The
risk of extinction of mnany species, A bhe @A OF new
productive species for a critical market. Gavaral ly the  fTarmers
have only utilized the alligator-farmn model . in degspite of the
differences between both of the species in relation to body size.
growth capacity. skin features and commercial value. This issue
can be responsible for management mistakes, death of animals.,
waste of resources and discredit of wildlifa managemnent as oan
economical choiee 1n Brazil.

Status

Historial: The human colonization began in Brazil by the atlantic
shore and S5ao Francisco/Farana river systems. where the bhigoest
cities flourished and most of the popuwlaticon grew up. This  was.
however. the originmal distribution zeone af the broad-snouted—
—Ccaimana. Therefore, this specigg underwent the frontal impacht of
Brazilian human colonization. The hunt and habitat desztruction
ware the consequences that brought the species Lo the threat of
entinctinnle?3 1) g

pLll




Current: 0Our current suwrvey in the State of Sao Faulo has been
based on night counts and people accounts in the districts of
Anhembis:s Aoudos. Bauru, Limelras Mococa and Firacicaba. We have
found groues from 1 to 15 animals in habitats such as  open
rivers., dams marzhes . sWames  and even in decanting ponds  of
industrial o human dirainage. We have also found 2 pinus—leaf
rests which were the only available material te  khe nesting
female. This preliminary rvesults show the Possibility of the
species being colunizé@zin this new habitats and adapting iLtself
to the new conditions. However, 1t 1s necessary to gquantify the
presence of the speclies 1n the environment in terms of lke
populational dynamics in order to have a conclusive ideal 7. 2)

-

Conservation:

The biroad-—snouted-caiman 15 an andangered specleg CVANZOLINT
12723 IUCN, 1982 and BERNARDES st alli. 197, The hunt  1s
Pprrohibited in Brazil by the Federal Law No. 3,197 from O3.01.1567
and the captive breeding is regulated by the governmental deor sies
Nos. 132788 from O0S.05.1989 and 250/88 from 22.08.1980. Tlisn
intarnational trade of 1ts products is refused by OITES (K ING.,
1973 .

The decreas of industrial polution Mas  pevcipi b lhed A itertaim
recavering  of the specles in soms pLlaces of San Fauls Stato. e
have bearr told the appearing of Droad-srod ted—oailman N

Firacicaba river, next Lo the ciby, at
polution decregases.

nade Blme as 1hs walor

The hunt still ocouwrs in the State in despite of the §aw. It is
mainly done as a hobby by men from little or middle riverain
countsy who wse rifles to (il]l caimans. Capibaras. dears eto o atb
night. They utilize the meatb in special Jdishes and bakes the skin
as A games brophie. The real dammage of this ackivihy o9 the
caiman  remaining population is still unkmown. but is uindoub tly
considerable. The private properties have morao Praftechtion against
hunters because of the some land owners’® INCcreasing avareness of
nvironmental lssues.

Directions of the captive bireeding, reintroduction .amd i3 TSR i
P Ogram : '

Captive breeding: We are carrying out 2 t 1/2 yaar—old captive
Propagation programes aimivg at the reintroduction in mature  and
Ehe furnishment of captive born individuals for calman—farmars.
In 1989 we had 34 hatchlings in 2 nests at  our quarters in
Firacicaba. From 1990 on we are going to manage bresder Groups in
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most of the Braziliam zoos. through the Sociedade dos Zoologicos
do Brasil - SZR (Brazilian Society of Soos)y  constdering  the
demogiraphic and gernetic aspects of the captive populations.
according Lo FOOSE et alli (1986). Agreesably ko the Reptile
Census from S5Z7E. there are 279 broad-snouted-~caiman in caplbivity
in Brazil (&0 males. #8 Temales and 146 indetermined). Other 13
animals (9 males, 3 females and & indetermingd) aust be added
because they were not listed by the Cansus. i i Ehils - total
number SIS were born in captivity last year.

Reintroduction: We are also carrging out  a surviay  af  most
adequate and priority places for the reintroduction  af the
specles 1n the State of Sac Faulo. This study includes From  the
analyses and description of biotic and ahliotic sitws components
up  to the environmental impact evaluabion, aceom o ing to GYSEL &
LYON (1980).

Management purposes: The economical potential of +the broad—

snouted—-caiman increanes its  management ard Covservaltlon
perpectives. Howewver ibts geographical disbkribubion i quit
heterogenous in social-economnical bterms. Thiz zone ineludes from
nighly industrialized areas to under—-developed ageicul tural

regions.  Consequentely, the management system to be adopted must
be a function of the feature above.

The avian grop of the State generates a great anount  of scraps
and discairds like carcasses of cockerels aoc heie ] oy img
the produtive cycla, and male goung chichkers  af 1 LR e
linvages. This material can be offered as < low coast Food Lo hbHe
calman—Tarmars. in  the wvicinity of avian—fFarmers CVERDAGDE 2%
alli, In press). Where there is no low rost Toocd avallables Ehe
best management system probiably is  the introduction o
reintroduction of the species in dams (even into the cow- o
agricultural-farms) and huydreletric power stations. BOme  years
later the pupulation exceedings could be exploited. The adequate

maragement syshem acoonrding to local condilbions ol d SE= I
possible economic wutilization of the broac-snouted—caimnarn .,

through the trade of sking mealy sOUveEniras. bourism and che
assuiring, this way, its conservabtion.

e,

ANYWaY » it is important to stress that any managaemen® slan nush
begin with the captive propagation, besides short—term captivity
studies abouwt feeding, veorodutlom. behavior and  samity, and
long—-term field studies about scology and behavior . Thes  Tirstg

aNnes mus ircreasa the reeroduc tion efficiorcy A
hatchling/gourg growling. through the erhance af resting foemales .
decrease of incubating eg9us loss, and correct amimals feeding.




Fig. 1: Geographical distribution of Caiman latirostris (BRAZAITIS, 1973 and
IUCN, 1981)
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The Establishment of the First Major Crocodile Breeding Center in
West Africa

Wolf-Ekkehard Waitkuwait
Projet Crocodiles

Zoo National d'Abidjan
G1 B.P. 932

Abidjan 01

Cote d'Ivoire

It was exactly ten years ago, in March 1980, that the crocodiile
project in Ivory Coast began. This project was undertaken under
the authority of the Ministry of Agriculture, Water and Forests to
conserve the three species of crocodiles native to Ivory Coast by
integrating them into the economic development of the

country. '

I would like to give a brief overview of the results gathered
during field research and by running an experimental croc farm
which lead finally to the establishment of a breeding center in
the Abidjan National Zoo.

The comparative biology of the three species reveals a clear
separation of their ecological niches, reducing interspecific
concurrence.

Crocodylus niloticus prefers areas of land and water exposed to
open sunlight, basking on rocks in rivers and lagoons, and living
in burrows beside remaining waterpools. Crocodylus cataphractus
prefers shaded areas, living in rivers under dense vegetation in
the rainforest and in savanna rivers surrounded by extensive
gallery forest. Females rely upon abandoned leaf litter nearby
permanent water courses for nest construction. COsteolaemus
tetraspis prefers small stagnant pools in swampy areas. They are
nocturnal terrestrial hunters and have been observed feeding on
large annelids and other invertebrates. The female constructs a
mount nest similar to C.cataphractus, but often far from water
courses.

The typical habitat of each species can be found all over the
distribution area of crocodiles in Ivery Ccast, but with different
frequencies. This means on the one hand that the frequency to meet
a certain crocodile species in a given biotope depends on the
percentage of 1its habitat represented there, and on the other hand
that none of the three species will completely lack in a given
area. These findings have been verified by telemetric studies.

Since 1981 "Projet Crocodiles"™ has had its base at the Abidjan
National Zoo. Rearing and breeding facilities have been
constructed on the Zoo grounds. Between 1981 and 1984 crocodiles
of the three species where hatched at the zoo from eggs produced
by captive females and from nests collected in the wild.
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species ' wild Z00

C.nilcticus 4yl 13
C.cataphractus 88 56
O.tetraspis 34 0

In January 1990, it was determined that the zoo reared crocodiles
had reached potential breeding size. The former wild captured,
reproductive males were removed from the breeding enclosure in
order to allow for the establishment of larger breeding groups.
These groups are now comprised of the zoo's remaining breeding
females and those raised in the rearing enclosures.

species no. sex size
C.nileticus 9 M 2.0 m
11 F 1.7 m
C.cataphractus 9 M 2.0 m
- 30 F 2.0 m
O.tetraspis 8 M 1.3 m
4 F 1.3 m

We hope that we have created, a permanent base for future
crocodile conservation in Ivory Coast. It is our geoal to provide
offspring for restocking purposes and for the possible future
development of integrated management.

It is alsc our goal to establish a network for continucus research
in the naticnal park systems, that would be accessible to
international researchers and provide training and educatiocn for
Ivorians and parties from other african countries.

We would like to suggest that the C3G consider the potential for
crocodile conservation and research in Ivory Coast. We ask for the
suppert of the IUCN-CSG in our efforts towards these goals and
particularly for Ivory Cocast becoming a member of CITES. We invite
you Lo consider Abidjan as you select locations for future
meetings such as this one.




Effects of Blasting on Nile Crocodiles, Crocodylus niloticus.
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EFFECTS8 OF BLASTING ON NILOTICUS

Nine years after entering the fascinating world of
the Nile Crocodile, 1989 looked to be a year of great
promise at Crocodile Creek.

72 adult, captive-bred, females ranging from 2.4
meters to 3.2 meters, 10 to 15 years of age, were
likely to produce in the region of 2655 eggs. Allowing
for 15% infertility, a crop of 2257 viable hatchlings
was expected, these calculations having been concluded
by Dave Blake and Tony Pocley independently.

Construction of the (N2) National Highway was due
to commence, which when completed would provide
splendid views of the farm, river and subtropical
environs with improved access and an increase in
tourism.

Everything was about to go with a "bang" and so it
did. Within 2 kilometers of the farm on May 22nd,
Contractors detonated 1220 kgs of explosive followed by
925 kgs, less than 1 km away June 14th, and 2850 kgs
June 27th (in all 6270 1lbs). By the evening of 29th
June 1989, 26 juvenile, female, crocodiles in 1 m to
1.2 m range were dead.

Our immediate thought was that local early-winter
temperatures combined with a virus was causing the
problem. Deaths of this size over the 8 preceding
years ranged from 0 to 2 per annum average.

Blasting continued. By plotting a graph of deaths
and superimposing a graph of blasting dates, a pattern
emerged indicating that blasting could indeed be
responsible. Inspection of stock in open ponds
revealed the following:

1. Bite marks on jaws and heads
2. Cessation of feeding
3. Dilated pupils, no response to light stimuli

4, Reptiles extremely skittish

5. Later reptiles became very sluggish and
lethargic and remained in fixed locations day
or night.

6. Paralysis of one hind leg. After a lapse of
a week or so despite having been relocated in
a contrelled environment at *+ 32°C minimal
feeding occurred.

7. Qunlity of skin deteriorated, breaking
between segments into septic lesions.

8. Dehydration of body and apparent anorexia.

9. Loss of balance, inner ear was obviously
damaged, necks in spasm, some crocodiles
staggering like drunks.

10. Pink to reddish discoloration of the skin
under the crocodile belly.

11. Diarrhea in a number of cases.
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Results of veterinarian examinations and autopsies
of animals that died between 22/27 June revealed
nothing. The reptiles appeared in good healthy
condition but were suffering from a "severe lack of
life.”™

Subsequent detailed autopsies indicated:

1. Aeromonus hydrophilia was isoclated from
an organ.

2. Non-Specific except for hyperemia and
acute ulcerations of the gastric mucosa.

3. Severe septicemia with generalized
abscessation, which was subsequently
found to be Salmonel;a and concluded to
be a seceondary pathogen that had entered
the body system from the gastro-
intestinal tract as a result of chronic
stress. At this point treating the
entire ailing stock for Salmonella,
involving, a five~day oral program was
considered. I rejected the idea as the
additional stress of handling weak
juveniles would have more likely killed
them. Fortunately, this management
decision was correct as no further
Salmonella was detected in autopsies.

By now, we were convinced that blasting was
causing chronic stress in the crocodile population at
Crocodile Creek. Obviously one could not obtain an
order to halt construction of a National Road without
scientific proof, so a study of

BLOOD COLLECTION AND ANALYSIS
was undertaken by
DR. G. D. THURMAN
BIOLOGICAL RESEARCH CENTRE
UNIVERSITY OF DURBAN/WESTVILLE
NABLE. R.8.A.

To Dr. Thurman and his associates my grateful
. thanks for their dedication and scientific approach.
Dr. Thurman's report follows:

Very little information is available as to blood
sampling techniques in crocodiles, and even less is
available for the blocd hematology and chemistry
values. A project was therefore undertaken to
establish a methodology of blocod collection, and to
determine the normal blood values of crocodiles.
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MATERIALS AND METHODS
ANIMAL MODEL

To determine normal blood values, five crocodiles
were selected at random from a group of two year
crocodiles that were housed under optimal conditions at
the University of Natal. These crocodiles were
accustomed to frequently handling and were part of
growth study experiments.

To determine the effects of stress on crocodiles,
five crocodiles were selected from the affected two
year old group at the crocodile farm. Selection was
based on signs of ill-health namely, dilated pupils,
sluggish reaction to external stimuli, and the presence
of diarrhocea in some cases.

BLOOD COLLECTION

Due toc the hard, leathery integuementum of
crocodiles, palpation of peripheral veins was
unsuccessful and cardiocentesis was selected as the
method of choice. On autopsies, it was noted that the
heart was situated centrally on the mid-line and
relatively caudal to what one would expect in a mammal.
The dermal plates in the crocodile make a V-shaped
pattern on the ventral axillae region between the fore-
legs. Using the caudal most part of this V as a
reference, the heart in Jjuvenile crocodiles (n = 10)
was located on the mid-line and 5-6 dermal plates
caudal to the reference point. At a later stage, adult
crocodiles (n = 2) were bled by cardiocentesis using a
similar method, the heart was alsc located 6 dermal
plates caudal to the reference point. The heart could
not be auscultated or palpated in any of the
crocodiles. In the most emaciated sick crocodiles, an
apical heart beat was sometimes observed.

No chemical resistant was necessary in the
juvenile crocodiles. The animal's jaws were taped
closed and then were held in dorsal recumbency. In
this position, they all lay perfectly still during the
entire procedure. '

Cardiocentesis in all animals was performed using
a Venojet Multi-sample blood collecting needle (226 x
1%) and a Vacutainer Tube with or without anticocagulant
depending on the blood tests required. Prior to
cardiocentesis the area was disinfected with a solution
of 5% chlorhexidine in alcohol (Hibitane).

The needle was inserted between the dermal plates
and directed cranially at an angle of approximately 45°
for about 2 cm. Once located, the movement of the
myocardium was reflected to the needle confirming
cardiac puncture.
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A volume up to 10 ml of blood would be rapidly
withdrawn from all animals by this method. The control
group showed no adverse effects following this method
of sampling and no pain reaction was observed on
cardiocentesis.

HEMATOLOGY

All reptiles possess nucleated erythrocytes,
leukocytes, and thrombocytes. For this reason, the use
of automated white-cell counters will give spurious
results. The number of red cells can be approximated
with automated counters, but accuracy is best obtained
with the hemocytometer and standard counting
procedures. White blood cell counts and haemoglobin
were measured by manual methods.

Most Romanowsky-type stains will give satisfactory
results; Lugol's, Wrights stain, Kleineberger-Nobel,
and Jenner-Giemsa are preferred for permanent mounts.
Methylene blue may be used for non-permanent, quick-
screening examination of blood films. In this
particular study, both Wright's and Jenner~Gienmas
stains were used. The Wright's stain was preferred
when examining the red blood cells, whilst the Jenner-
Giemsa stain was preferred for the differentiation of
white blood cells. :

BIOCHEMISTRY

Serum electrolytes were measured using the
following:

Sodium and potassium - Astra Analyzer which
employs ion selective electrodes.

Calcium - Cobas Mira Analser and the Roche Calcium
MTB test kit.

Magnesium ~ atomic absorption.

Osmolality was measured using an automatic micro-
osmometer which employs the freezing point
technique.

Glucose was measured using the Astra Analyzer and
the glucose oxidase method.

Lactate was measured by the Monotest which uses
-the enzymatic UV-method.




Cholesterol and triglycerides were measured by the .
enzymatic colormetric test using the Boehringer
Mannheim Hatachi 737.

Total protein was measured by the biuret method
using the Boehringer Mannheim Hatachi 737.

Lactate dehydrogenase and Alkaline phosphatase
were measured by the "Optimized standard method"
using the Boehringer Mannheim Hitachi 37.

Creatine kinase was measured by the kinetic UV
test and the Cobas Mira Analyzer.

RESULTS

Under the most enlightened conditions of captive
husbandry, a certain bias resulting from the stress of
captivity must be imposed on the Nile Crocodile. This
may introduce artifacts into the data obtained in the
case of wild crocodiles but would suggest our figures
are accurate for farmed crocodiles.

HEMATOLOGY

The mean hematological values cbtained from the
control group (n = 5) are given in Table 1. From these
values it is apparent that the Nile crocodile has a
very low leucocyte count (X 1,5 x 10° 1-') in
comparison to mammals. The haemoglobin level (X 11,3 g
1-1) approximates those values found in mammals. The
hematocrit is approximately half that of mammals (X
0,25).

The red blood cells are biconvex, oval and with a
centrally located nucleus. Reticulocytes,
polychromatic juvenile RBC, and megakaryocytes were
identified particularly on the blood smears of stressed
animals.

The lymphocyte is variable in size but is
approximately that of the RBC. With the Jenner-Giemsa
stain, the nucleus is large and stains dark blue. The
cytoplasm is finely granular; stains light blue and
will sometimes c¢ontain azurophilic and/or hyaline
inclusions. The monocyte contains a single, indented
nucleus and is frequently large than the lymphocytes:;
the cytoplasm is finely granular and stains light blue
tc blue-grey.

The neutrophil is characterized by its usually
non-segmented nucleus with scalloped edges; a
basophilic cytoplasm that contains basophilic,
eosinophilic granules, and fibrillar strands.
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The heterophil is a granulocyte with fusiform, red
or fibril-shaped intracytoplasmic inclusions or
granules that stain intermediately between those of the
eosinophil and those of the basophil. The nucleus is
eccentrically located.

The eosinophil has spherical, bead-like
eosinophilic granules, the nucleus is pale blue and is
usually centrally located. The eosinophil may
degranulate in response to a systemic disease process
without lysing.

The basophil is commonly observed and is
characterized by intensely staining dark blue spherical
or rod-shaped granules.

The thrombocyte is an elliptical cell that is
smaller than the RBC. The cytoplasm stains a pale
blue. The large, dense, centrally located nucleus
stains a dark blue. The thrombocyte is capable of
phagocytosis of haeme pigment, bacteria, and amorphous
cellular debris.

The plasma of crocodiles is colourless but if a
blood is collected after eating, the plasma may be very
lypaemic due to the high level of triglycerides.

On examination of the hematology results from the
stressed group the following was apparent:

a) There was a lowered WBC.

b) The haemeglcobin values were lower than the
control group. '

¢) The hematocrit tended also to be slightly
lower than the control grcup.

d) A preonounced decrease in the basophil count
was noticed in the stressed group.

e) The neutrophils in the stressed group were
classified as toxic neutrophils due to the
extensive vacuolation of the cytoplasm.

f) Atypical monocytes were present in the
stressed group.

g) A general shift to the right was apparent in
the stressed group.

h) 1In the red blood cells of the stressed group,
anisocytosis and macrocytosis was present,
the RB crocodile also stained jirregular,
mitotic figures and juvenile RB crocodile
were present.

i) There was also a marked decrease in
platelets.




TABLE 1

MEAN HAEMATOLOGY VALUES FROM HEALTHY
TWO YEAR OLD NILE CROCODILES (m = 5)

PARAMETERS N p 4 8D Ccvy
B-WBC x 10° "1 5 1,5 0,37 24,7
B-Hb g "1 5 11,3 1,7 15,0
B-Ht 5 0,25 0,01 4,6

Differential White Cell Counts

(Leucocyte)

Lkc - Neutrophils 5 0,50 0,07 13,3
Lke - Lymphocytes 5 0,21 0,05 23,4
Lkc - Monocytes 5 0,05 0,03 64,8
Lkc - Eosinophils 5 0,02 0,04 25,0
Lkc - Basophils 5 0,22 0,08 36,2
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TABLE 2

COMPARISON OF HAEMATOLOGICAL VALUES
OBTAINED FROM THE HEALTHY VS STRESSED
NILE CROCODILES

PARAMETERS CONTROL, GROUP S8TRESSED CROCODILES
b 4 h § 2 3 4

B-WBC x 10° 1,5 1,0 1,6 1,90 1,0
B~Hb g "1 11,3 7,0 9,0 7,2 8,8
B-Ht 0,25 0,22 0,24 0,22 0,29

Differential White Cell Counts

(Leucocyte)

Lkc - Neutrophils 0,50 0,24 0,52 0,73 0,35
Lkc - Lymnphocytes 0,21 0,50 0,30 0,23 0,47
Lke - Monocytes 0,05 0,11 Q,02 0,01 0,05
Lke - Eosinophils 0,02 Q0,01 - - 0,01
Lkc - Basophils 0,22 0,03 0,12 0,02 0,04
Atypical monocytes - - 0,04 0,01 -
Heterophils - - - - 0,08
COMMENTS :

Macrocytosis + ++ + +
Toxic Neutrophils +++ ++ ++ +++




TABLE 3
MEAN BERUM CLINICAL BIOCHEMISTRY
VALUES FROM HEALTHY TWO YEAR OLD
NILE CROCODILES { n = 5)

PARAMETER N X SD Ccvi
Sodium m mol 5 153,8 1,48 1
Potassium m mol 5 3,8 0,54 14
calcium m mol ! 5 2,97 0,09
Magnesium m mol ' 5 0,92 0,06
Osmolality m mol ! 5 328 3,4
Cholesterol m mol 5 35,8 . 5,4 15
Triglycerides m mol 5 7,05 3,6 51
TSP g 5 50,2 2,8 5
LD u ' 5 301 32,4 10
ALP u ! 5 64,2 17,9 27
CK u 5 211 69,5 33
Glucose m mol ' s 5,9 0.9 15
Lactate u mol 5 22,1 6,8 30
Cortisol n mol ' 5 <27 - -

TSP = Total Serum Protein

I = Lactate Dehydrogenase

ALP = Alkaline Phosphates (Liver Damage)
CK = Creatinine Kinase (Liver Damage)
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TABLE 4
COMPARISON OF MEAN CLINICAL BIOCHEMISTRY
VALUES OBTAINED FROM THE CONTROL VS8
STRESSED CROCODILES

CONTROL GROUP STRESSED

PARAMETER X X
Sodium m mol 153,18 107,8
Potassium m mol”’ 3,8 5,7 (&)
calcium m mol 2,97 2,5
Magnesium m mol 0,92 1,36
Osmolality m mol ' 328 251,8
Cholesterol m mol ' 35,8 6,2 (B)
Triglycerides m mol ! 7,05 0,92 (C)
TSP g 50,2 69,4

ID u -1 301 74
ALP u ! 64,2 437

cx u ! 211 9187 (D)
Glucose m mol 5,9 6,8
Lactate m mol 22,1 3,11

(A) Potassium readings of 3,8 to 5,7 indicated
cellular damage similar to leveled found in stressed
sharks.

(B) Cholesterol: Dr. Thurman initially thought this
was significant but later discarded these results as he
felt the method of obtaining this particular data cculd
be improved.

(C) Triglycerides readings of 7,05 to 0,92 indicated a
- lack of feeding.

(D) Creatine Kinase readings of 211 to 9187: This
figure was checked 5 times and was found to be correct.
A reading of 200/300 is similar in mammals. 1In
antelope capture programs if figures approaching 1000
are recorded, animals are released immediately fecr fear
of stress related deaths.




BIOCHEMISTRY

The results obtained from the control animals are
given in Table 3. The small standard deviations and
co-efficient of variation obtained for most values
supports that these results may be taken to approximate
normal biochemistry values for crocodiles.

In the comparison of the biochemistry values
between the two groups the following was observed in
the stressed group:

a) A pronounced low hyponatremia
(107,8 m mol 1-1).
b) A high hyperkalemia (5,7 m mol 1 )
¢c) A low osmolality (5,7 m mol 1 )
d) A low cholesterol (6,2 nm mol 11) and
trlglycerlde (0,92 m mol 1° ) levels.
e) An lncrease in serum alkaline phosphatase
(437 ul™y.
£) A marked increase in ceratin kinase (9187
ul’ )
g) Low lactate level 3,1 (3,1 m mol 14).

DISCUS8ION

The general appearance of the red blood cells in
the stressed group is typical of what cne would see in
a megalcblastic anaemia due to a folvate/Vit B,,
deficiency. This can be ascribed to the state of
ancrexia that was present in the stressed group. This
can be further substantiated by the low serum total
lipid value observed.

The WBC crocodile observations were consistent
with that of a general stressed condition.

The biochemistry values obtained between the two
groups were again characteristic of the type of values
one would expect in a group of animals exposed to
prolonged stress.

Blasting having ceased at this point the ill
animals continued to die with a peak when heavy earth
vibrating equipment was operating in close proximity
the farm. Further deaths occurred during capture and
relocation to five separate localities. Only three
further deaths occurred between October and December
1989. No further medicatioc.a was used. By 3lst March
1990 a considerable improvement was observed in the
stock with only two exceptions. The remaining adult
female breeders that were in poor condition looked
healthy and active.
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CONCLUSION

1. The death of 123 Niloticus crocodiles, all
females, (this is not significant for all juveniles on
the farm were females for sale as breeders at a later
stage) between approximately 80 centimeters and 2,18
meters was a direct result of blasting which caused
chronic stress, this debilitated the system and
secondary infections killed the animals.

EXPECTED ACTUAL 3
Eggs 2655 712 26%
Hatchlings 2257 222 9.8%

The numbers of hatchlings in the 1990/91 and
1991/92 seasons could well be far under normal
expectations.

It was necessary to relocate, in 8 days, 1500
reptiles 80 centimeters to 4 meters over 5 farms 100 to
900 kilometers from Crocodile Creek. Our heartfelt
thanks to the noted Natal members of the Nile Crocodile
Association and Crocovanga for their help and
assistance. Education and tourist facilities have been
closed, but we hope to reopen them at some undetermined
time in the future,

This experience has opened up further examples of
stress in crocodilians which we intend to investigate.

RECOMMENDATION:

My strong recommendation to consultants and
ex1st1ng farmers is to be mindful of major developments
in the immediate vicinity of new or existing farms.

Watson P.A.I. 1900 "Effects of Blasting On Niloticus"®
10TH Working Meeting of the IVCN/SSC Crocodile
Specialist Group.
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CROCODILE MANAGEMENT AND RESEARCH
IN THE NORTHERN TERRITORY: 1983-90.

Grahame J.W. Webb, S. Charlie Manolis
and Harvey Cooper-Preston

G. Webb Pty. Limited, P.O. Box 38151, Winnellie, N.T. 0821; and,
Conservation Commission of the Northern Territory, P.O. Box 496,
Palmerston, N.T. 0831

In this paper we summarise the progress that has been made with crocodile
research and management in the Northern Territory since the previous Crocodile
Specialist Group meeting (Lae, QOctober 1988).

MANAGEMENT PROGRAMS

Both species of crocodilian (Crecodylus porosus and C. johnstoni) in the
Northern Territory are on Appendix II of CITES. Crocodylus johnstoni has always
been on Appendix II, whereas C.porosus was transferred from Appendix I to
Appendix I in 1979, and the Australian population was transferred back 1o
Appendix II after the meeting of the Parties of CITES in Buenos Aires (1985). A
limited experimental ranching operation was proposed (Webb et al. 1984; CCNT
1986a,b), which has now been tested thoroughly and deemed to be both practical to
operate and to have a minimai impact on the wild populations (Webb et al. 1989;
Manolis and Webb 1990)

In line with the three-year review procedure outlined (Webb et al. 1984), the
management programs were reviewed between 1988 and 1989, and in January 1990
a new management program, covering both C. jehnstoni and C. porosus, was
approved by ANPWS (CCNT 1990).

The monitoring programs for both species continue, and the stringent
regulatory system remains unchanged. The new program expands the areas from
which C.porosus eggs can be collected (originally restricted to three river
systems), and establishes an overall limit on the maximum numbers of each age
group, of each species, that can be removed from the wild, for any purpose
{including problem crocodiles and research), each year. In the first year (1990)
these limits are:

C. porosus C. johnstoni
Viable Eggs 10,000 4000
Hatchlings 400 6000
Juveniles 400 1000
Adults 200 200

The new management program establishes the flexibility needed to extend the
commercial value of crocodiles back to landowners, regardless of whether their
particular parcel of land contains nesting habitat or not. It is envisaged that all
animals will be caught alive and relocated to farms, and that the number of farms
(currently 4) will expand gradually - commensurate with the availability of stock.
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ATTACKS

Since October 1988, C. porosus has been responsible for serious attacks on four
people in the Northern Territory (Howard River, Daly River, Croker Island).
Although none of these attacks was fatal, they rececived considerable media
coverage, and activated a small "anti-croc” lobby, calling for the “culling” of wild
populations 10 reduce numbers and improve public safety.

Overall, the response from the public was objective and rational. It is now
widely accepted that crocodiles are an important economic resource, and culling
for the sake of reducing numbers per se is not as desirable as the current
management program, which aims to keep wild populations high while selectively
harvesting limited numbers to support the industry in a sustainable way. There is
no doubt that the economic value of crocodiles in the Northern Territory is the
single most important incentive for having large wild populations of C.porosus
throughout the coastal wetlands.

PROBLEM CROCODILES

As part of the public safety campaign within the Northem Territory, "problem"
crocodiles are removed from the wild and assigned to crocodile farms. Such
animals are broadly defined as those attacking livestock, or residing in settled
areas, or areas of priority recreational use where their presence constitutes a risk
to people (CCNT 1986a).

During 1988 and 1989, 278 problem C. porosus were dealt with (146 and 132 in
each year respectively). Of these, 221 (79.5%) were distributed to crocodile farms,
52 {18.7%) were relocated in the wild, 4 (1.4%) died at capture and 1 {0.4%) was
shot. Most of the animals came from Darwin Harbour (66.5%) and Gove (18.3%).

During the same period, 13 C. johnsioni were also regarded as "problem”
animals. Four were relocated back into the wild, 6 died at or soon after capture, and
3 were taken to a crocodile farm.

C.POROSUS EGG HARVESTS

The C. porosus egg harvest was again camried out largely by G. Webb Pty.
Limited on behalf of the Conservation Commission. In addition to the management
areas, which have now been harvested since the 1984/85 season, preliminary
surveys and harvests were carried out in new areas. Attempts were made to reach
nests before significant mortality occurred, but of the 6497 eggs examined, 26.3%
were dead before collection. This is similar to previous nesting seasons (28.7% and
25.0% in 1986/87 and 1987/88 respectively). The majority of eggs collected with
dead embryos had cither flooded (>33%) or overheated (>29%): in addition, 6.5% of
cggs were infertile (7.0 and 9.3% in previous seasons). Of the viable eggs
incubated, 90.5% produced hatchlings; incubation success was 94.8% in 1986/87
and 89.3% in 1987/88.

Crocodylus porosus egg harvests have now been carried out as research
exercises for 5 successive seasons. To date, no significant impact on the size of the
C.porosus population in harvesied areas has been detected (Fig. 1). For this reason,
- the revised management program (CCNT 1990) allows egg harvesting in new areas
and the major research effort will now be directed at those areas.
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Figure 1. Annual spotlight counts of non-hatchling C. porosus in the mainstream
of the Adelaide River, Northem Territory, have increased from around 250 in the
late 1970's, to over 500 in the late 1980's. Yet between 1983 and 1989, 11.465 eggs
have been harvested from the population. .

C.JOHNSTONI EGG AND HATCHLING HARVESTS

In 1989, 1910 C. johnstoni eggs were collected from the Finniss and Reynolds
Rivers. Of these, 1625(85.1%) were considered viable and incubated. The
remainder were e¢ither infertile (2.9%), probed (1.1%) or dead before incubation
(10.8%). Hatchlings (N = 964) were distributed to the crocodile farms. In addidon,
787 eggs were collected from the Mary-McKinlay River for incubation
experiments (see below): 524 hatchlings resulted whose post-hatching
performance under farm conditions is being monitored.

In addition, C. johnstoni haichlings were collected from the field in 1988 and
1989 (1813 and 3400 respectively). Most (79.4%) came from the Daly River.

Analyses of spotlight count survey data (see below) indicate no significant
negative impact of the egg and/or hatchling harvests.

POPULATION MONITORING
Crocodylus johnstoni

Annual spotlight surveys were carried out in all C. joknsteni management
areas (CCNT 1986b) in 1989, Helicopter surveys of most of these areas were also
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carried out, and preliminary analyses indicate that this method is a viable
alternative to the time-consuming and more expensive spotlight surveys. The
results of the C. johnstoni surveys have now been analysed, and they are
consistent with their being a minimal impact of the harvests.

The Daly River is one of the main rivers from which C. johnstoni hatchlings
have been harvested. The river was subdivided into 9 survey segments scparated
by rockbars and waterfalls (total distance = 196.3 km) and harvesting was
restricted to the upstream 91.9 km and the downstream 68.5 km; the central area of
35.9 km has been surveyed but not harvested.
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Figure 2. Total numbers of C. johnstorni counted by spotlight in the annual
surveys of the Daly River between 1983 and 1989,

Overall, the population of C. johnstoni in the Daly River has continued to
increase (Fig. 2) regardless of the harvest of some 866 eggs and 9627 hatchlings
between 1983 and 1989 (Table 1).

Regardless of the amnual variation in counts, the exponential rate of
population increase (r) was positive in all 9 survey sections within the Daly River
(Table 2), although omly in 3 (two harvested and one non-harvested) did it reach
significance at the 5% level. The natural logarithm of numbers sighted was
regressed against year to estimate r (the regression line slope)(Caughley 1980).
To express r as a mean percentage change, the exponent of r was used
[percentage change = (ef - 1)*100). Among the harvested sections, r varied from
0.34 (a 40% increase per year) to 0.02 (a 2% increase per year), indicating that
different sections of the harvested population are increasing at vastly different
rates.
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Table 1. Numbers of C. johnstoni hatchlings and eggs harvested from the Daly
River between 1983 and 1989.

Year ' Hatchlings Eggs
1983 825 548
1984 1317 318
1985 0 0
19856 928 0
1987 2297 0
1988 1560 0
1989 2700 0
Total 9627 866

Table 2. Annual spotlight counts in 7 harvested and 2 non-harvesied sections of
the Daly River. r = the exponential rate of increase; SE = standard error; P = the
probability that r is due to chance.

Non-harvested Harvested

Section 1 2 3 4 5 6 7 8 9
km 14.3 21.6 31.0 15.5 22.0 I1%.9 394 17.1 16.5
1983 171 . - 216 448 139 172 205 95
1984 240 197 70 233 400 95 283 164 -
1985 292 247 109 197 297 114 177 210 132
1986 203 346 112 199 263 173 413 210 206
1987 220 331 229 303 520 91 303 201 166
1988 303 470 383 422 567 165 423 235 223
1989 195 358 343 275 303 150 330 200 1635
r 0.02 0.19 0.34 0.08 0.03 0.04 0.12 0.02 0.11
SE 0.04 0.04 0.05 0.04 0.06 0.05 0.05 .02 0.04
P 0.65 <0.01 <0.01 0.11 0.62 0.47 0.08 0.34 0.03

When harvested and non-harvested sections are combined (Table 3), it is clear
that the populations in both sections of river have increased significantly since
1983; the non-harvested population at approximately 12% per year, and the
harvested population at 10% per year. There is almost certainly interchange of
animals between the harvested and non-harvested populations, which confounds
detailed interpretation of results.
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Table 3. Exponential rates of increase (r) and their standard errors (SE) for the
harvested and non-harvesied sections of the Daly River. P= the probability that r
is due to chance.

r+ SE P
Non-harvested 0.11 + 0.03 0.02
Harvesied 0.09 + 0.03 0.03
Total 0.09 + 0.03 0.02

In both harvested and non-harvested areas of the Daly River, the percentage of
juveniles in the population (<1 m long) has remained high, indicating that
recruitment has not been adversely affected by the harvests. In the original
surveys 66% of all animals sighted had their sizes estimated, whereas in the 1989
survey, this had dropped 10 36%. The reduction in the percentage of adults suggests
that the level of wariness among them may be increasing, rather than their
numbers dropping. The number of hatchlings encountered in 1989 was greater
than in other years (Table 1), which is inconsistent with a significant decline in
the adult population.

Table 4. Changes in the size structure C. johastoni population in the Daly River
between the first (1983-84) and last (1989) surveys, as revealed in spotlight
surveys. Results refer to the percentage composition of crocodiles that were both
sighted and had their sizes estimated (those sighted as “eyes only” have been
ignored).

Juvenile Subadults Adults Sample

(<]l m) (1-1.5 m) (>1.5 m) Size
Non-harvested
1583/84 68.7% 28.9% 2.5% 201
1589 71.2% 27.2% 1.6% 191
Harvested
1983/84 55.3% 38.7% 6.1% 690
1989 65.2% 32.8% 2.0% 647
Total
1983/84 58.2% - 36.5% 5.2% 891
1989 66.6% 31.5% 1.9% 838

Taken together, the results from the Daly River demonstrate unequivocally that
the harvests have not resulted in a population decline.
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The results for all river systems monitored regularly by spotlight counts are in
Table 5. The mean exponential rate of increase for all rivers is 0.050 + 0.018,
indicating that the population has been expanding at about 5% per year over the
period of study. The mean rate of increase in the harvesied rivers (0.082 + 0.015)
was greater than that in the non-harvested rivers (-0.031 + 0.018), which suggests

that harvesting may have a positive effect on the population size.

Table 5. The exponential rates of increase (r) and their standard error (SE) for C.
Jjohnstoni spotlight counts in harvested and non-harvested rivers in the Northemn
Territory. N = number of years surveyed; P = the probability that r is due to
chance.

River System Years N r + SE P Notes

East Baines River 82-86 3 -0.002 + 0.039 0.97 Non-harvested
Katherine Gorge 80-88 9 -0.084 + 0.037 0.06 Non-harvested
Mary River (D/S) 8§4-88 5 -0.014 + 0.086 0.88 Non-harvested
Moyvle River 84-88 4 -0.025 + 0.200 0.91 Non-harvested
MEAN (Non-harvested) -0.031 + 0.018

West Baines River 83-88 6 0.045 + 0.069 0.55 Harvested
Daly River 83-89 6 0.091 £ 0.025 0.02 Harvested
Finniss River 83-80 7 -0.004 + 0071 0.96 Harvested
Mary River (U/S) 84-89 6 0.048 + 0.051 0.40 Harvesied
Reynolds River 84-89 6 0.075+0.113 0.54 Harvested
Victoria R. (D/S) 82-86 5 0.154 + 0.085 0.17 Harvested
Victoria R. (Mid.) 82-88 7 0.094 + 0.055 0.15 Harvested
Victoria R. (U/S) 83-86 3 0.159 + 0.040 0.16 Harvested
Victoria R, (Pigeon) 82-86 4 0.084 + 0.047 0.22 Harvested
Wickham River 82-87 5 0.070 + 0.066 0.36 Harvested
MEAN (Harvested) 0.082 £ 0.015

MEAN (All Rivers) 0.050 + 0.018

Crocodylus porosus

Annual spotlight surveys were carried out in 8 rivers in 1989, including those
from which eggs were harvested. For each river or creek surveyed, the natural
logarithm (to the base e; In) of density was plotted against years since protection,
and the slope of the regression line used as an estimate of the exponential rate of
increase (r). This was done in two stages, firstly using data up to 1988, which was
then used to predict a density for 1989 (which can be compared with the observed
density) and then for all data up to 1989, which will now be used to predict a
density for 1990.
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Table 6. The exponential rate of increase (r) and predicted densities for 1988 and
1989 using the data in Appendix II for rivers in which there have been more than
3 surveys. In the few instances where no crocodiles were spotted in a particular
creek, in any one year, 1 sighting has been added so that a logarithm value could
be computed. P = the probability that r is due to chance.

Survey Area N Years T P Pred. Obs. Total
Den. Den. 1989

Adelaide R. mainstream: 0-64.5 km 77-88 0.042 0.05 399 4.26 307
Adelaide R. mainstream: (-64.5 km 77-89 0.044 0.02 4,27
Adelaide R. mainstream: 6<4.5-117 km 77-88 0.063 0.01 469 432 289
Adelaide R. mainstream: 64.5-117 km 77-839 0.064 <001 4,93
Adelaide R. sidecreeks 77-88 0.032 .29 1.12 0.95 113
Adelaide R. sidecreeks 77-8¢ 0.026 0.29 1.10

75-88 0.015 0.26 387 s5.19% 478
75-89 0.022 0.08 4.25
75-88 -0.011 0.69 1.41 1.26 11
75-89 -0.009 0.68 1.20
75-88 -0.002 0.89 3.00 246 166
75-89 -0.007 0.58 2.84
79-88 0.095 <001 3.43  3.29 3il
79-89 0.093 <0.01 3.72

Blyth R. mainstream
Blyth R. mainstream
Blyth R. sidecreeks
Blyth R. sidecreeks
Cadeil R. mainstream
Cadell R. mainstream
Daly R. mainstream
Daly R. mainstream

Finniss R. Bullcoin 84-88 -0.055 0.58 7.36 8.50 34
Finniss R. Bullcoin 8§4-89 -0.035 0.59 7.67
Finniss R. Patj Patj 34-38 -0.112 0.63 4.36 6.06 40
Finniss R. Patj Patj 84-89 -0.065 0.67 4.86
Liverpocol R. Gudjerama Creek 76-88 0.035 0.33 1.58 1.97 13

76-89 0.043 0.14 1.79

Liverpooi R. Gudjerama Creek .
76-88 0.048 <0.01 2.42 243 202

e = e et b bt s e — ot —
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Liverpool R. mainstream

Liverpool R. mainstream 76-89 0.048 <0.01 2.54

Liverpool R. Maragulidban Creek 76-88 0.051 0.06 1.90 1.81 17
Liverpool R. Maragulidban Creek 76-89 0.050 0.03 1.97

Liverpool R. Mormgarric Creek 76-38 -0.082 0.03 0.71 250 10
Liverpool R. Morngarrie Creek 76-89 -0.043 0.24 0.96

Liverpool R. Mungardobolo creek 76-88 0.078 0.01 2.57 1.80 19
Liverpool R. Mungardobolo creek 76-89 0.067 (.01 2.49

Liverpool R. Toms Creek 76-87 0.127 Q.06 1.09 0.38 2
Liverpooi R. Toms Creck 10 76-89 0.086 0.12 0.08

Reynolds R. Deep Hole Billabong 5 B84-88 -0.184 0.52 0.40  0.67 3
Reynolds R. Deep Hole Billabong 6 84-89 -0.111 0.55 0.47

Reynolds R. Horseshoe Billabong 5 84-88 -0.140 0.52 1.74 6.88 3
Reynolds R. Horseshoe Billabong 6 B84-89 0.05¢ 0.76 3.79

Reynolds R. McEddy's Lagoon 5 B84-88 0.149 0.45 7.56 12.25 51
Reynolds R. McEddy's Lagoon 6 84-89 0.218 0.4 12,11

Reynoids R. Noaklies Billabong 5 84-88 0.187 0.32 27.30 30.00 39
Reynolds R. Noaklies Billabong 6 84-89 0.183 0.15 36.55

Reynolds R. Welltree Lagoon 5 B4-88 -0.122 (.31 5.06 11.60 59
Reynolds R. Welltree Lagoon 6 84-89 -0.003° 0.97 7.79

Tomkinson R. mainstream 12 76-88 0.044 0.02 2.89 2.57 228
Tomkinson R. mainstream 13 76-89 0.040 0.01 2.91
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Clearly (Table 6), the numbers of non-hatchlings seen in spotlight counts has
fluctuated greatly from year to year, and few of the areas that have been surveyed
recently (since 1984) are showing a significant increase or decrcase in density.
The mean value of r, for all areas surveyed by spotlight in 1989 is 0.037 + 0.016 (SE;
range 0.218 to -0.111), which is appreciably less than the mean derived from all
rivers which have been surveyed in all years [0.081 & 0.008 (Webb et al. 1989)].
This indicates that the sample of rivers and creeks spotlight surveyed annually
were ones with relatively high densities of non-haichlings when the survey
programs were initiated.

The relationship between the densities predicted for 1989 (from data up to 1988)
and those recorded in 1989 are on Fig. 3. The slope of the regression line
[LnDENSohs = 0.20 + 0.97LnDENSpreq (R? = 0.74; P = 0.0001) is close to unity,
indicating that the data now available can be used to predict mean resulis
reasonably precisely: it may not be necessary to survey these rivers and creeks
annually.
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Figure 3. The relationship between predicted and observed densities for the rvers
and creeks snrveyed by spotlight in 1989 (Table 6).

The major monitoring effort in 1989 was devoted to a helicopter survey of 10 km
sample segments, in 70 tidal rivers and creeks, around the complete coast of the
Northern Territory (between the Western Australian and Queensland borders). As
pointed out previously (Webb et al. 1990), C. porosus is a highly mobile animal, and
a total population monitoring program should ideally be based on annual samples
from a large number of rivers rather than detailed surveys within a few rivers,
each year.

262




In order that the extensive historical data base of spotlight counts not be lost
with the changeover to helicopter surveys, a procedure was adopted for
correcting the spotlight counts to helicopter count equivalents (Webb et al. 1990).
This meant that prior to the helicopter survey carried out in 1989, a predicted
result was available from the historical data: in this case, a mean density of 0.635 +
0.066 (SE) crocodiles sighted per kilometre (predicted from 'Year' alone), or 0.599 +

0.042 (predicted from 'Year, 'Rainfall' and 'Hatchling Density’ using a multiple
regression formula). The mean helicopter count from the sample areas was 0.666 +
0.084, which was consistent with the predicted result (Fig. 4). It is also consistent
with our assumption that the procedure used to correct the historical spotlight
count database t0 a helicopter count data base, had not resulted in gross errors.
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Figure 4. The relationship between the mean density of non-haichling C. porosus
(helicopter count equivalents) and year. Values between 1975 and 1988 were derived by
correcting spotlight counts; the 1989 value is the first real helicopter count. The
regression line, using all data, can be used to predict a mean helicopter count density

for 1990 (0.676 £ 0.064 crocodiles km-1).

These results can be used 10 estimate total population size. If it is assumed that
over long periods of time the tidal population represents a constant proportion of
the total population, then the mean trend (the regression line) should be a good
index of the total population size, This assumes that annual fluctuations in the
-mean density from year to year (Fig. 4) reflect short-term changes in the
proportion of the total population visible in tidal rivers in particular years. In
1984, the total wild population (hatchlings and non-hatchlings) was estimated to be
at least 40,000 (Webb et al. 1984). As mean density has increased from 0.50 km-1 to
0.65 km-1 between 1984 and 1989 (a 30% increase), the total population in 1989 is
now estimated as at Ieast 52,000 C. porosus.

263




SKINS AND FLESH

During the two year period (1988-89) 2367 C. porosus and 1543 C._johnstoni skins
were exported from the Northermn Territory, mostly to Japan. A total of 20,497 kg of
flesh was produced and retailed, mainly to the restaurant trade. Most flesh was sold
in the form of whole carcases (Manolis and Webb 1990).

CROCODILE FARMS

Details of crocodiles held on the four crocodile farms in the Northem Territory,
at 31 December 1989, are in Table 7.

Table 7. Numbers of crocodiles held on Northern Territory crocodile farms, as of 31
December 1989, according to monthly reports.

Farm C. porosus C. johnstoni
Farm A 4803 1471
Farm B 2566 7025
Farm C 1814 368
Farm D 0 6707
Total 9183 15,601

At one farm, 61 C. porosus nests were laid during the 1988/89 season and 64
during the 1989/90 season, and at another, 11 nests were laid in each season. One
additional C. porosus nest was laid at a local Darwin zoo each year. Combing all
data, for the 1988/89 season there was an average of 12.2 haichlings produced per
nest. In 1989, 23 C. johnstoni nests were laid in captivity in one farm, with an
additional nest at a local Darwin zoo; 6.8 hatchlings were produced per nest.

RESEARCH

The progress made with various research programs being undertaken in the
Northern Territory is discussed briefly below. Most of this work has been funded
by the Northern Territory Government through the Conservation Commision of
the Northern Territory, but other establishments are involved in collaborative
programs (Macquarie University; James Cook University of North Queensland:
University of New England; University of New South Wales).

1. Life history strategies of C.johnstoni

Harvey Cooper-Preston's work on C. johnstoni life history strategies is now
winding up. A considerable effort has been devoted to using growth lines in the
leg bones and nuchal osteoderms as morphological age-indicators. This is by no
means a straight-forward exercise, and it heralds caution for those attempting to
use the same method on other species. Her study is now able to use samples from
marked C. johnstoni in the McKinlay River, recaught after 10 and 11 years.
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2. Predicting the time of nesting for C.johnstoni

Smith (1987) analysed time of nesting in the McKinlay River area, using data
collected in 5 scasons; he demonstrated that the median day of nesting (which
ranged from 13 August to 12 September) could be predicied from the mean
maximum air temperature in May - three months before nesting. His data aiso
allowed the mean day of nesting to be predicted from the same May temperatures.
In 1989, mean maximum May temperature was 32.3°C, which predicted a mean and
medium day of nesting of 27 and 26 August respectively. The observed mean and
median day of nesting in 1989 (Fig. 5) was 22 August 1989, indicating a prediction
error of 4-5 days.
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Figure 5. Date of laying for 62 C. johnstoni nests located in the McKinlay River, in
1989. Day 5 = 5 August, etc.

3. Sex Determination

Research continues into the histology, histochemistry and development of the
gonad of C. johnstoni and C. porosus embryos.

The relationship between incubation temperature and sex in embryonic C.
johnstoni is different from that in most crocodilians: no constant incubation
temperature produces 100% males (Webb et al. 1987), even though 100% males are
produced in some wild nests. An obvious hypothesis which could explain this
result, is that the mechanism of temperature-dependent sex determination is
sensitive to daily fluctuations in temperature as well as to the mean temperature.
This possiblity was tested in 1989 (Table 8).
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Table 8. The results of incubating C. johnstoni eggs at three constant and one
fluctuating temperature. Individual clutches were split between the four
treauments; excess eggs were placed in the fluctuating temperature treatment,

Temperature (°C) 31 32 33 31-33

No. of viable eggs 148 148 151 177
Died during incubation (%) 23.6 8.8 9.9 16.9
Hatched- 1wotal (%) 76.4 91.2 90.1 83.1
Hatched- normal (%) 73.0 86.5 30.1 73.4
Hatched- abnormal (%) 3.4 4.7 10.0 0.6
Mean incubation time (d) 75.8 70.2 67.2 70.8
Sex ratio (proportion males) 0.00 0.39 0.07 0.41

The resuits indicate a series of temperature effects on harching success and
hatchling quality. There was no significant difference between the sex ratio from
the fluctuating (31-33°C; mean = 32°C) and corresponding constant temperature
(320C).  Although a possibie influence of fluctuating temperature per se on sex
determination cannot be totally rejected with these daia (it may need larger
fluctuations, or fluctuations around a different mean temperature), there may be
other reasons why no constant temperature produces 100% C. johnstoni males. A
significant difference between field incubation and laboratory incubation with
this species, is that in the field nest temperatures increase throughout the
incubation period (from around 28-299C at laying to 32-369C ar hatching (Smith
1987)]. A steadily increasing incubation temperature may be needed to induce
"maleness”, as is suggested a swiich experimens carried out in the laboratory
(Webb et al. 1987). Placing young, cool eggs into a high constant temperature
incubator (as is usually donme) may also induce a degree of thermal shock, which
could in turn affect sex determination.

4. Predicting the annual extent of C.porosus nesting

Using the accumulated data on C. porosus nesting (1980/81 season 1o 1988/89
season) from Melacca Swamp, 40 km east of Darwin, an attempt was made to predict
the number of nests (containing eggs) made annuaily, from a variety of
environmental variables. The most accurate predictive relationship was with the
Southern Oscillation Index (SOI) in June-July (Fig. 6). The SOI is a measure of the
cyclic pattern of air pressure movement across the Pacific Ocean, and it is used to
predict the onset of the wet season in northern Australia.

The SOI is correlated with local air pressures and water heights, but neither of
these, as independent variables nor in combination, gives as precise a prediction
as the SOL The amount of unexplained variation is so little (Fig. 6) that it is
difficult to avoid the conclusion that female C.porosus are responding to
environmental conditions in June-July, some five months before the onset of
nesting (November) and six months before the peak of nesting (December-
January).
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Figure 6. The relationship between numbers of C. porosus nests in Melacca Swamp
cach year (laid between November and May) and the mean June-July Southemn
QOscillation Index (SCI), five months earlier.

The SOI in June-July 1989 (+7.5) predicted that the 1989/90 season would be one
of the "best” years for nesting (predicted 27.5 nests) since the study began. Up
until April, some 32 nests have been located and it is possible that a few more will
be made in April-May. That the predicted value underestimated the real nesting
effort may reflect random variation not yet accounted for, but it is worthy of note
that during 1989 the water buffalo were ecradicated from Melacca Swamp. There
has been a striking revegetation of open channels within the Swamp, and this
season, for the first time in a decade, nests were being made in new areas. The
removal of buffalo may have contributed to the increased nesting effort.

5. Husbandry research on (. poresus hatchlings

As reporied previously (Manelis and Webb 1989; Manolis et al. 1989), a series of
experiments have been undertaken on the factors that affect growth in newly
hatched C. porosus, within the first month of life. The results indicate distinct
preferences for certain food types, and strong clutch specific effects on those
preferences, and on the extent of feeding and growth (Table 9).

These same trials were used to test a variety of different raising parameters,
and as a consequence we adopted a standard diet and feeding procedure [32°C water
temperature; night-feeding; constant sound (radio); semi-darkness; hide-boards;
75% wild pork meat + 25% chicken heads; 2% calcium-phosphorus powder; 1%
multivitamin supplement). With this procedure we then tested one-day versus
two-day feeding, at five different temperatures (Table 10).
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Table 9. The percentage increase in body weight, within the first month of life, of
C.porosus hatchlings fed a variety of different foods. CH = chicken heads; Pork =

feral pork; Fish = marine fish, & & A
M, © & 0 & &
e nle 77%3% 25 Sk 250
Clutch Fish/CH Fish Buffalo Pork Prawn Chicken
3 2. : 2
A36 - - 53.4 57.0 64.6 48.1
A37 - - 50.6\ 17.3, 6.0 4 13.1 2
F40 p 68.7 - - - - 44.8 2
M92 ( 29.6 - - - - 17.1 2.
B1 -12.04 - 24.61 21.22 11.5 % -
F9 -10.4 u -8.7% 2.7 2 30.1 4 - -
M12 5 6.5 3 -1.5 -19.9 4 20.2 4 - -
F19 - - 3592 39.0 4 - -
F29 - - 25.7 5 28.2 - -
2elhg 200, 2oty LY 2l FANAY
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Analyses of food conversion rates indicates that the efficiency with which
haichlings convert food with two-day feeding (mean = 40%) is greater than that
with which they convert food with one day feeding (28%) (Table 11). From one to
two months of age the differences in conversion rates between one and two day
feeding were still very apparent (mean difference = 56%). At 32 and 339C,
conversion rates with two day feeding were over two times higher than with one

day feeding (259 and 24.2% versus 12.1 and 11.3% for 32 and 33°C respectively.

6. Feeding, growth and food conversion rates
of wild, juvenile C.porosus

Although numerous studies have described the types of prey taken by wild
crocodilians and the rates at which wild crocodilians grow, none have attepted to
quantify the food conversion rates in the wild. We quantified growth rates, rates
of feeding and food conversion rates for wild, juvenile C. porosus (30-120 cm TL)
in a tdal river (Adelaide River) (Webb and Hollis 1990).

Results indicate that the mean conversion rate was 82.4% (i.e. 82.4% of the wet
weight of food eaten was converted to body weight). This is appreciably higher (2-
3 times) than conversion rates obtained for similar-sized animals raised in
captivity under controlled conditions. Wild, juvenile C. porosus eat much less than
their captive counterparts (4% body weight per week versus 21-27%), but use the
food they eat far more efficiently (Webb and Hollis 1990).
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Table 10. Percentage increase in body weight and head length after one month,

for C. porosus hatchlings raised under five temperature regimes (see above),

Animals were fed either each day (ID) or every second day (2D). For 31 to 349C
gach treatment consisted of the same mix of 5 clutches (13 hatchlings). Data for

30°C are from 4 of the 5 cluiches (10 hatchlings in 1D and 12 in 2D).

TeC % Increase in body weight % Increase in head length
Mean SE Min. Max. Mean SE Min. Max.

ID 30 66.8 12.80 13.8 127.6 21.2 0 17.3 25.9
2D 30 63.2 7.35 14.6 92.3 201 1.35 11.3 26.8
ID 31 89.3 9.90 31,2 127.0 245 0.88 19.2 30.2
2D 3 47.3 10.58 -1.0 - 100.0 19.1  1.15 13.2 25.7
ID 32 {103.1 ) 13.73 158 199.6 26.9 1.37 19.5 37.9
2D 32 \93.3 5.23 ; 119.9 255 112 207 321
ID 33 86.7 15.38 2.7 161.6 25.8  1.44 16.7  34.0
2D 33 71.7 - 6.10 39.4 109.0 242 0.77 17.6 272
1D 34 85.3 17.00 -6.4 152.5 25.5  1.77 14.8 32.1
2D 34 87.0 7.73 33.3 127.7 249  0.97 19.1 30.2

Table 11. Foood conversion rates (CR; percentage of wet weight of food converted
to body weight) of C. porosus hatchlings, within the first month of life, raised at
different temperatures, and fed either each day (daily) or every second day (2
days).

ToC CR (%) CR (%) Difference
Daily 2 days (%)
30 27 44 61.0
31 33 38 10.5
12 29 42 445
33 T 26 37 43,1
34 26 38 46.0
Mean 28 40 41.1
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7. Use of development rates to predict hatching
dates for C.porosus eggs

In a previous study (Webb et al. 1987), we presented a method of giving
unknown-aged C.porosus embryos a "30°C Age" (the age they would be in days had
they been incubated at constant 30°C), and presented development rate
coefficients for predicting hatching dates at temperatures between 28°C and 34°C.
During the 1987/88 and 1988/89 wet scasons we tesied these predictions at 32°C
with 152 wild clutches collected from the field when between 2.1 and 93.0 days
(87.5% less than 40 days) of age [30°C Age; mean incubation time at 32°C is 80.1 +
2.1 (SD) days (Webb et al. 1987)]. The development ratc coefficient used was 1.261
(Webb et al. 1987), which means that at 32°C the amount of development that takes
place in 1 day is 1.261 times the amount that takes place in 1 day at 30°C.

The results indicated that smaller e¢ggs tended to complete their development
earlier than larger eggs (Table 12). Without correcting for this bias, the mean
error between predicted and observed hatching dates was 0.72 days, which was
reduced to 0.01 days afier correction (Table 13). The variation around this mean is
expressed in Table 14.

Table 12. Correction factors to be added to predicted dates of hatching, for C.
porosus eggs, to account for egg size.

Egg length Correction

range (mm) (d)
65.1-67.5 -2.1
67.6-70.0 -1.8
70.1-72.5 -1.6
72.6-75.0 -1.3
75.1-77.5 -1.0
77.6-80.0 -0.7
80.1-82.5 -0.4
82.6-85.0 -0.1
85.1-87.5 +0.2
87.6-90.0 +0.4




Table 13. Mean difference between predicted and real days of hatching for
clutches of wild C. porosus eggs before and after correction for egg size. SD =
standard deviation; SE = standard error.

Season Mean Difference SD SE Range No. of
(d) (d) Clutches

Uncorrected

87/88 0.84 1.98 0.25 <4104 63

88/89 0.64 2.31 0.25 -5 108 89

Both 0.72 2.18 0.18 -5 10 8 152

Corrected

87/88 0.11 1.96 0.25 4 to 3 63

88/89 -0.07 2.18 0.23 S107 89

Both 0.01 2.09 0.17 ST 152

Table 14. Proportion (%) of C.porosus cluiches for which hatching dates were
predicted within certain time periods. For example, after correction for egg size,
91.4% of clutches hatched within 3 days of the predicted date: had the predicted
dates been corrected for egg size, 92.1% would have hatched within 3 days.
Numbers in brackets are cumulative totals.

Days Uacorrected Corrected
0 18.4 (18.4) 15.1 (15.1)
1 29.6 (48.0) 35.5 (50.7)
2 27.0 (75.0) 28.3 (78.9)
3 16.4 (91.4) 13.2 (92.1)
4 3.9 (95.4) 4.6 (96.7)
5 2.6 (98.0) 1.3 (98.0)
6 0.7 (98.7) 1.3 (99.3)
7 - (98.7) 0.7 (100.0)
8 1.3 (100.0) - -
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An Overview of Alligator Management in Florida

E. N. Wiley, II, FGFWFC, 620 $. Meridian St., Tallahassee, FIL 32399
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INTRODUCTION

Since 1977, when the American alligator (Alligator mississippiensis)
was reclassified in Florida from the federal status of endangered to
threatened, the Florida Game and Fresh Water Fish Commission
(Commission) has established and supported management programs that
provide for limited consumptive utilization of the alligator resource
while contributing to long term comnservation cbjectives. Through
sustained-yield harvests, lethal control of nuisance alligators, and
alligator farming, programs and industries have been developed which
are committed to the wise management and sustained utilization of
alligators in Florida.

The Commission’s alligator management program, the Commission's
nuisance alligator control program (NACP) and the alligator farming
industry function as the mechanism for utilization of Florida‘s
alligator resource. The Commission’s alligator management program has
implemented harvest strategies which allow the utilization of wild
alligators at several demographic levels including collection of eggs
and hatechlings and direct harvest of alligators > 1.2 m in length,

The NACP serves as an effective method for lethal removal of specific
wild alligators that present a potential threat to humans or domestic
animals. The alligator farming industry, in addition to captively
propagating alligators, utilizes ranched alligators through Commission
programs that permit the collection of eggs and hatchlings from public
and private wetlands. The purpose of this paper is to provide an
overview of these program elements and to summarize the associated
harvest or production levels.

THE COMMISSION’S ALLIGATOR MANAGEMENT PROGRAM .

An alligator management program proposal was implemented by the
Commission in 1987 (David, Fla. Game and Fresh Water Fish Comm. ,
unpubl. report) following the enactment of state legislation that
established an alligator harvest license and tag fee structure. As
outlined in the proposal, monies generated through commercial
utilization of alligators support management programs and provide
economic incentives for user groups to become active in support of
alligator and wetland conservation issues. This concept, whereby the
economic value of a wildlife resource is directed back into overall
management and conservation has been termed "value-added conservation"
(Hines and Percival 1987, Hines and Abercrombie 1987). The concept of
value-added conservation was fundamental to the development and
implementation of the Commission’s alligator management program.
Currently this program is in the early stages of growth and
development, and, as a result, the overall benefits of value-added
conservation have not been fully realized. Some positive effects,
however, are being seen. Revenues generated from license and tag fees
already serve as a major source of funding for management programs,
and the constituency of users with a vested interest in comservation

274




of alligators and their wetland habitat is increasing substantially
each year,

Operational harvest programs, which fall under the umbrella of the
alligator management program, focus on 2 distinct demographic segments
of alligator populations including alligators > 1.2 m in length and
alligator eggs and hatchlings. Harvest strategies are organized into
the following 4 program components: (1) the harvest of alligators >
1.2 m in length from public waters; (2) the collection of alligator
eggs from public waters; (3) the collection of alligator hatchlings
from public waters; and (4) the collection of eggs and hatchlings and
the harvest of alligators > 1.2 m in length from private lands.

Harvest of Alligators > 1.2 m from Public Waters

This program comwponent was implemented statewide in 1988 on 25
public wetland systems and expanded in 198% to 32 public wetland
systems. Commission rules require that wetland systems or alligator
management units (AMU) open to harvest must be "comprised of specified
wetlands, lakes, rivers or other water bodies that may be reasonably
grouped for the purposes of study, analysis or management" (Fla. Game
and Fresh Water Fish Comm. 1989),

The methodology for determining sustainable harvest levels on AMU's
was developed through experimental harvests conducted on 9 Florida
lakes during the 1980's (Hines and Abercrombie 1987, Woodward et al.
1987). Results of these studies indicated that approximately 15% of
alligators > 1.2 m in length could be harvested annually without
measurable impacts on population levels (Table 1).

Using experimental harvest results as a basis for establishing
harvest levels, Commission rules limit harvest quotas on each AMU to
no more than 15% of the estimated harvestable population (Fla. Game
and Fresh Water Fish Comm. 1989). Harvestable population levels are
estimated for each AMU based on annual nighc-light surveys conducted
during May by Commission biologists,

Trappers are selected randomly each year from alligator harvest
permit applications. 1In 1988, 5,855 applications were received, and
238 trappers were selected. Interest in the program increased
substantially as a result of publicity generated the first year such
that, in 1983, over 20,000 applications were received for 228
available harvest permits. Following selection, each trapper is
required to complete a Commission-sponsored training program prior to
issuance of harvest permits and harvest tags (Fla. Game and Fresh
Water Fish Comm. 1989).

A $250 resident alligator trapping licemse ($1000 nonresident) and a
$50 trapping agent’s license (for an assistant) is required for
harvest and possession of alligators. Alligator harvest permits
authorizing harvest of up to 15 alligators > 1.2 m in length from
designated public waters and 15 numbered harvest tags, to be attached
to each alligator immediately upon harvest, are issued to each
trapper.

During the harvest season (September 1 through Septembey 30),
trappers are permitted to take alligators 1/2 hour before sunset to
1/2 hour after sunrise using restricted methods that will secure a
restraining line to the animal (Fla. Game and Fresh Water Fish Comm.
1989). Experimental harvest data suggest that the timing of the
harvest as well as the harvest methods direct harvest pressures away
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from reproductively active females. Additional regulatory controls
designed to strictly impede any illicit trade developing as a result
of legitimate alligator harvest include the following: (1) alligators
must be killed and tagged immediately; (2) a harvest report form must
be completed and accompany the alligator hide until validation (3)
hides must be skinned according to specific skinning instructions
provided with the harvest permit; (4) all hides must be presented to
the Commission for validation (validation involves inspection of hides
for compliance with skinning instructions, applying a federally issued
CITES [Convention on International Trade in Threatened and Endangered
Species of Flora and Fauna] tag in place of the harvest tag, and
assessing a validation fee of $30 per hide); (5) hides must be
validated within 30 days of the close of the harvest season; and (6)
alligator meat intended for sale must be processed at a licensed
processing facility (Fla. Game and Fresh Water Fish Comm. 1989).

Trappers harvested 87% (2,988 alligators) and 91% (3,118 alligators)
of the statewide quotas in 1988 and 1989 respectively. Male
alligators were reported by trappers on harvest report forms to
comprise 70% of the harvest in 1988 and 66% in 1989. The average
length of all alligators harvested in 1988 and 1989 was 2.3 m.

Egg Collection from Public Waters

In 1988, the Commission conducted a pilot alligator egg collection
program on 3 wetland systems. This pilot study was implemented to
assess the operational feasibility of authorizing egg collection on
public waters by farming industry representatives. The resulting eggs
were transferred to permitted farms for artificial incubation,
rearing, and slaughter. The pilot program demonstrated that proposed
biological and regulatory controls were adequate to monitor egg
collection activities and ensure that eggs collected from the wild
could be equitably distributed to licensed alligator farms for captive
rearing.

In 1989, the egg collection program was fully implemented under
Commission regulations governing the collection of alligator eggs from
the wild (Fla. Game and Fresh Water Fish Comm. 1989). The number of
alligator farms permitted to receive eggs from the wild was limited to
the first 30 applicants meeting special facility requirements. This
limit was established to ensure that enough eggs could be distributed
to each participating farm to make wild egg collections economically
woerthwhile for the farmer (David, Fla. Game and Fresh Water Fish
Comm., unpubl. report).

Studies conducted on Florida lakes from 1981 through 1986 (Table
3) indicated that 50% of the amnual production of relatively dense
alligator populations could be harvested on a sustained basis
{Percival and Jennings 1987, Hines and Abercrombie 1987). As a result
of these findings, Commission regulations prohibit the annual
collection of eggs from more than 50% of the nests on any collection
area (Fla. Game and Fresh Water Fish Comm. 1989). Egg collection
areas are established annually by the Commission after on-site
inventories are conducted by Commission biologists to assess each
area's potential for egg removal, Nest collection quotas are
subsequently determined each season based on the number of nests
observed by Commission biologists during aerial nest surveys.
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Regulatory guidelines facilitate organized egg collectioms by
establishing 2 egg collection groups and designating one individual
for each group as the egg collection coordinator (Fla. Game and Fresh
Water Fish Comm. 1989). The egg collection coordinator represents his
group in all aspects of directing and conducting permitted activities.
Only licensed alligator farmers or their agents are permitted to
participate in the actual collection of eggs. The following
regulatory requirements provide for biological and operational control
during egg collection activities: (1) egg collections must be
conducted under the supervision of Commission persommel; (2) the
number of nests opened cannot exceed the total nest quota; (3) all
eggs from each opened nest must be collected; (4) eggs must be
presented for inspection and inventory by Commission personnel before
exiting the collection area; and (5) a fee of $5 per egg is assessed
for every egg retained by the participants (Fla Game and Fresh Water
Fish Comm. 1289). In the first 2 years of operatiom, over 12,000 eggs
have gone to alligator farms as a result of harvest from public
wetlands (Table 2).

Hatchling Collection from Public Waters

In 1987, the Commission implemented a program component that permits
eligible alligator farmers to collect alligator hatchlings from public
waters. Establishment of conservative harvest levels for juvenile
alligators was based on research findings that indicate this
population segment can withstand significant amnual harvest pressure
(Percival and Jennings 1987). Conservative hatchling collection
quotas were established for each county in Florida based on an
evaluation of U.S. Fish and Wildlife Service wetland inventories (U.S.
Fish and Wildlife Service 1982) and estimates of associated alligator
occupancy rates (Neal 1985, Fla. Game and Fresh Water Fish Comm.,
unpubl. data).

Only licensed alligator farmers eligible to receive alligator
hatchlings from the wild and their licensed agents are permitted to
participate in this program. Hatchling quotas for each county are
randomly assigned to permitted farms based on their specified
preference of collection areas. Hatchling collections are permitted
from September 15 through November 1. Additional regulatory controls
over collection activities are as follows: (1) hatchlings can not be
collected until after the Commission has conducted a total captive
hatchling production inventory on the permittee’s farm; (2) the
Commission must be notified in advance of collection activities; (3)
hatchlings must be tagged immediately upon capture with Commission
issued web tags; (4) a fee of $15.00 per tag is assessed prior to
issuance of hatchling tags; and (5) a hatchling collection form rust
be completed prior to leaving the collection site and must accompany
hatchlings until delivered to the permittee’s farm (Fla. Game and
Fresh Water Fish Comm, 1989).

After 3 seasons of alligator hatchling collections (1987 through
1989), harvest rates have averaged only about 40% of the annual
statewide quota of 10,200 hatchlings. Collection totals included
3,908, 4,062, and 4,415 hatchlings in 1987, 1988, and 1989
respectively.




Alligator Management on Private Lands

In 1988, alligator harvest programs were implemented on private
lands in Florida. Pilot studies on 2 private ranches begimning in
1985 provided the operational and biological basis for this program
component (Woodward et al. 1987). The potential benefits from
realizing value-added conservation are probably greatest under this
program component relative to other program components. It allows
participating landowmers to sustain direct economic benefits from
wetlands previously considered a liability unless drained or altered
for agricultural, industrial, or residential development. These
positive economic incentives for wetland conservation on private lands
can be realized through ranching or sale of access to alligator eggs
and hatchlings and harvest of alligators > 1.2 m in length {(Woodward
et al. 1987),

The Commission establishes harvest quotas on private lands following
evaluation of habitat inventories and population surveys conducted by
consulting wildlife bioclogists employed by the landowner. To conduct
or verify habitat inventories, nest and hatchling pod surveys, and
surveys of alligators > 1.2 m in length, the wildlife biologist must
meet the certification requirements of The Wildlife Society (Fla. Game
and Fresh Water Fish Comm. 1989). Quotas for removal of eggs and
hatchlings represent up to 50% of the observed nest or hatchling pod
inventories. Harvest quotas for alligators > 1.2 m in length
represent up to 15% of the estimated population in this size range.

To initiate an alligator management program on private lands, the
landowner must submit a written application which requires selection
of management goals, harvest options, and a verified alligator habitar
inventory. From 1988 through 1990, applicants were required to own or
have under lease at least 405 ha of alligator habitat on one property
or adjoining properties (Fla. Game and Fresh Water Fish Comm. 1989).
However, recent changes in Commission rules will allow, in 1991,
participation’of landowners or lessees with a surveyed population of
at least 100 alligators > 1.2 m in length (Fla. Admin. Weekly 1990).
If the landowner meets the application eligibility requirements, the
Commission will issue an Alligator Management Program Permit. To
harvest and possess alligators, the permittee or his designees and
their agents must purchase an alligator trapping license ($250) and/or
an alligator trapping agent’s license ($50).

A harvest period of May 1 through May 30 was established for
alligators > 2.7 m in length in 1988. This harvest period was
extended to July 31 in 1990. The harvest period established for
alligators > 1.2 m in length was September 1 through September 30 in
1988 and extended to October 15 in 1989. Additional regulatory
requirements for harvest programs on private lands include: (1)
restricted methods of take for alligators > 1.2 m in length; (2)
immediate tagging with Commission issued harvest tegs; (3) completion
of harvest report forms which must accompany hides at all times until
validation; (4) Commission validation within 30 days of the close of
the harvest season and payment of a $30 per hide validation fee; (5)
fee payment for egg collection permits ($2.50 per egg) and hatchling
tags (§7.50 per tag) prior to collection; (6) immediate tagging of
collected hatchlings; and (7) mandatory transfer of collected eggs and
hatchlings to alligator farms permitted as eligible to receive eggs
and hatchlings from the wild (Fla. Game and Fresh Water Fish Comm.
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1989). Eggs and hatchlings can be retained for captive rearing by the
landowner only if he is licensed and permitted as an alligator farm
eligible to receive eggs and hatchlings from the wild.

Alligator management programs were implemented onm 7 properties
encompassing 29,543 ha of wetlands in 1988 and 21 properties
encompassing 64,346 ha of wetlands in 1989, while 36 applications
encompassing 70,812 ha were submitted in 1990. The numbers of eggs
collected and alligators > 1.2 m in length harvested increased between
1988 and 1989 (Table 4). The number of participants is expected to
increase again in 1991 and 1992 as longer harvest seasons and less
restrictive application requirements are implemented.

NUISANCE ALLIGATOR CONTROL PROGRAM

A pilot program conducted during 1977 demonstrated the efficiency
and feasibility of lethal removal of nuisance alligators by contracted
. private trappers (Hines and Woodward 1980). Prior to this pilot
program, nuisance alligators were relocated by Commission personnel at
great expense and with limited success (Hines and Woodward 1988). In
1978, the Commission implemented the nuisance alligator control
program (NACP) statewide by countracting approximately 55 private
traprers for removal of nuisance alligators under the supervision of
Commission personnel (Jennings et al. 1989). Through commercial
utilization of nuisance alligators, NACP trappers receive significant
economic returns while providing a valuable service at relatively low
administrative cost to the state.

NACP trappers are regulated by Commission rules that require
specific qualifications including residency within the region of
operation, ability to capture and handle wild alligators, and having
available the necessary time and equipment (Fla. Game and Fresh Water
Fish Comm. 1989). 1If trappers meet qualifications, they must enter
into a contract with the Commission and annually purchase a $250
license to take and possess alligators. In 1989, 45 NACP trappers
were under contract and licensed to harvest nuisance alligators
through permits issued by the Commission (Jennings et al. 1989).

The operational activities of this program are directed and
coordinated by Commission personnel (NACP coordinators) in each of 5
regional offices. When nuisance alligator complaints are received by
Commission personnel in tegional offices, information on the behavior
and size of the alligator along with degree of perceived threat is
recorded and evaluated prior to issuance of a harvest permit. If
Commission personnel determine the alligator is a potential threat to
humans or domestic animals or is creating a public safety hazard, a
harvest permit is issued to a NACP trapper residing near the complaint
location. The harvest permit allows the trapper 45 days to remove the
specific nuisance alligator. As in other harvest programs, alligators
must be tagged immediately upon capture with a Commission-issued
harvest tag. Within 185 days of harvest and before hides can be
transferred to licensed hide buyers, NACP trappers must have all hides
validated by the Commission and pay a $30 validation fee for each hide
(Fla., Game and Fresh Water Fish Comm. 1989).

From 1978 to 1989, the number of nuisance alligator complaints
increased from 4,914 to 9,867 (Woodward et al. 1987, Jennings et al.
1989) (Table 5). During this period, the number of nuisance
alligators harvested increased from 1,871 to 4,230 with a mean of
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2,656 taken annually (Woodward et al. 1987, Jennings et al. 1989).
Woodward et al. (1987) and Jennings et al. (1989) discuss possible
reasons for these increases which include human population growth in
close proximity to alligator habitat, gradual increases in alligator
densities, greater public awareness and acceptance of the NACP, and
increases in public perception of alligator threat in respomse to
rare, isolated attacks.

ALLIGATOR FARMING IN FLORIDA

Although alligator farming is not administered directly under the
umbrella of the Commission's alligator management program, the
industry plays an important role in the production, rearing, and
utilization of alligators in Florida. Licensed alligator farms are
permitted by the Commission to captively propagate alligators provided
they meet modest facility and housing requirements. Additionally, up
to 30 alligator farms which have at least 186 m? (2,000 ft2) of
drainable rearing pens may qualify for a permit to receive eggs and/or
hatchlings produced in the wild. For further regulatory requirements
and escablishment of collection areas and harvest quotas, refer to
previous sections in this paper on egg and hatchling collection from
public and private waters.

Additional alligators from the wild are available to farms through
ongoing research activities. Since 1987, the alligator farming
industry, has been supporting a study on alligator egg viability. The
U.S. Fish and Wildlife Service, Florida Cooperative Fish and Wildlife
Research Unit, is conducting this research using eggs collected
annually from 6 Florida wetland systems. In return for funding this
project, the alligator farming industry receives the hatchlings
produced from artificially incubated eggs at the end of each annual
research period. From 1987 through 1989, 14,187 hatchlings were
produced and subsequently distributed to alligator farms as a result
of these activities (Table 3). ' i

Currently, 48 farms are licensed to captively propagate
alligators in Florida including 30 farms which are permitted to
receive eggs and hatchlings produced in the wild. Historically,
statewide production of juvenile alligators from captive breeding
efforts has been low (David, Fla. Game and Fresh Water Fish Comm.,
unpubl. report). However, with an 18% annual increase in the numbery
of licensed farms since 1982, expansion of existing farms, and
improved incubation and husbandry techniques, production has increased
from 1,000 in 1981 to a current level of about 10,000 hatchlings per
year (David, Fla. Game and Fresh Water Fish Comm., unpubl. report).

As a result of ranching programs, the number of wild-produced
hatchlings placed on farms has increased to a level of approximately
20,500 in 1989 (David, Fla. Game and Fresh Water Fish Comm., unpubl.
report). Harvest levels on alligator farms have increased
substantially in recent years in response to these increases in
Jjuvenile stock (Table 6). This trend is expected to continue over the
next several years as production levels increase and more hatchlings
become available from wild sources in Florida and other southeastern
states (David, Fla. Game and Fresh Water Fish Comm., unpubl. report).




SUMMARY

Though production levels are expected to continue to Increase
on alligator farms in the near future, the number of nuisance
alligators requiring removal and the number of wild alligators
available for sustained commercial harvest on public lands is limited.
The number of nuisance alligators harvested annually will probably
continue to increase gradually as Florida’s human population continues
to encroach on alligator habitat, but programs aimed at informing and
educating the public on how to live with alligators could minimize
these increases. The number of wild alligators available for harvest
from public waters will probably stabilize between 4,000 to 5,000
during the next few years as public waters suitable for sustained
harvests become fully utilized,

The amount of private property suitable for harvest of wild
alligators also is limited; however, only a small percentage of these
lands are currently involved in alligator management. As a result,
this relatively young component of the alligator management program
has the greatest growth potential. More than two thirds of Florida
wetlands are under private ownership. As more landowners become
familiar with this program and recognize the value of alligators,
participation and subsequent harvest levels should continue to
increase.

In conclusion, the Commission’s alligator management programs and
the alligator industry have demonstrated the feasibility of managing
alligators to provide immediate and long term ecological, aesthetic,
and economic benefits. The high economic value of products derived
from alligators should continue to stimulate broad interest in
managing wild and captive alligators for sustained utilization in
Florida.
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Table 1. Annual harvest of alligators > 1.2 m in length from
experimental harvest areas in Florida, 1981 through 1989,

Year Number harvested
1981 350
1982 379
1983 277
1984 271
1985° 1,172
19862 1,202
19872 1,016
19882 836
198922 1,059

* Experimental harvest expanded from 3 harvest areas to 9 harvest
areas,

b Experimental harvest included under regulatory and operaticnal
protocol of statewide harvest on public lands.




Table 2. Alligator egg harvests from public waters in Florida during
1988 and 1989.

1988 1989
Number of egg collection areas 3 3
Nest collection quota 145 296
Number of eggs collected 5,707 9,975
Eggs retained by participants 4,302 7,884
Hatch rate of retained eggs 79% 82%
Number of resulting hatchlings 3,410 6,438

Table 3. Wild hatchling alligators transferred to commercial alligator
farms in Florida as a result of research activities.

Study
Egg and Hatchlings
hatchling Ege Hatchlings produced Total
removal viability collected from eggs  Hatchlings
1981 2,031 0 2,031
1982 1,308 182 1,490
1983 1,151 2,273 3,424
1984 60 2,918 2,978
1985 ] 3,449 3,449
1986 0 4,075 4,075
1987 132 4,400 4,532
1988 0 3,964 3,964
1989 0 5,701 5,701
Totals : 4,682 26,952 31,634




Table 4. Alligator harvests from private lands in Florida, 1988 and

1989,

1988 1989
Egg collection quota 2,050 1,350
Number of eggs collected 768 1,166
Hatchling collection quota 80 180
Number of hatchlings collected 80 160
Harvest quota - alligators > 1.2 m in length 255 699
Number harvested - alligators > 1.2 m in length 180 577

Table 5. Harvest of nuisance alligators in Florida, 1977 through 1989.

Ailllgators

Complaints Alligators harvested/

Year received harvested complaint
1977+ 709 535 0.75
1678 4,914 1,871 0.38
1979 4,639 1,679 0.36
1980 4,024 1,590 0.40
1981 4,931 1,871 0.38
1982 6,124 2,168 0.35
19383 5,955 1,871 0.31
1984 7,289 2,201 0.30
1985 6,432 3,023 0.47
1986 6,018 3,049 0.51
1987 7,288 3,833 0.53
1988 10,305 4 464 0.43
1989 9,867 4,230 0.43

* Harvests resulting from the pilot nuisance alligator control program
implemented in an ll-county area in Florida.




Table 6. Harvest of farm-reared alligators in Florida, 1978 through

1989,

Alligators
Year Harvested
1978 335
197% 220
1980 89
1981 284
1982 244
1983 184
1984 738
1985 1,339
1986 3,921
1987 6,479
1988 7,572
1989 16,482
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The effect of high temperature and increased day length on growth and
survival of captive Wile crocodile, Crocodilus niloticus during the

cold season in Kenya,

By

L 2 3
A. Zilber, Y. Yom-Tov and D. . Popper

The experiment took place at Mamba Village, a crocodile farm near Mombasa,
RKenya and coinceded with the cold season in Kenya.

Two months old crocodlles were reared in groups of 80 animals each in round
2.2 m* concrete ponds with 0.8 m high walls. The floor sloped gently towards
a central drain which was 15 e¢m below the level of the wall basis. The floor
was completely covered to a level which enabled the crocodiles to raise their
body above the water only near the walls. The ponds were covered by a roof
made of 1:1 ratio of glass and asbestos which prevented air flow but enabled
direct solar radiation. An ad libitum fooed, a minced mixture of fish, chicken
and red meat suppilimented with milnerals and vitamins was provided once daily
at sunsel on ralsed trays which were removed belore sunrise. After the trays
were removed the ponds were drained, wasbed and refilled with clean well
water daily,

The animals were reared under 3 treatments with 4 repetitions:-

bo Ambient day length without heating {(Watar temperatures: 23°C - 32°C)

2. Ambient day length with heating (Water temperatures: 29°C — 3470C)

3. Extended day length and heating (Water temperatures: 29°C - 34°C).

tleating was provided by aquarium heaters placed in the centre of each pond.
The day was extended by two, 0.6 m long neon tube lamps in each pond which
operated from | hour before until 2 hours after sunset for the entire
experiment.

All the animals were weighed and total lengths were measured at the beginning
of the experiment and after 2, 4 and 5 months. 0Dea:d animals were removed
counted and replaced by equal sired crocodiles in order to maintain the
experimental density.

The result were as follows:-

{a) The weight/length ratios were highly correlated without significant
differences between the repetitions and treatments in heated pounds, but
the control animals had W/l ratio which wns significantly smaller than
expected.

(b) Extended day length had no effect on growth and survival.

(c) Heating had a positive effect on both growth and survival, Significantly,
highest mortality was observed at the unheated ponds.
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The above demostrated the well known effect of temprature oun crocodiles and
reptiles in general, but the fact that extended day length did not effect
growth or survival may.be associated with the feeding habits of Hile
crocodiles which are active during day and night.

The full results of this study wiil be published elrswhere.

1, A, Zilber, Clal Crocodile Farm Ltd., Mamba Village,
FP.0, Box 85723, Mombasa, Kenva.

2. Y. Yom-Tov, Zoology Department, Tel Awiv University,
Tel Aviv lstael 69978,

3. D. M, Popper, National Centre for Mariculture
P.0. Box 1212, Elat, Israel 88000.




The effect of stocking density on survival growth and body condition of

captive Nile Crocodile, Crocodilus niloticus

(1) (2) (3)
. Ariel Zilber, Dan M. Popper and Yoram Yom-Tov

Two months old Nile Crocodiles, Crocodilus niloticus were reared in round
concrete ponds of 6 m radius, each divided into 8 equal sections, under

4 density treatments with two repetition each. The experiment was divided
into 2 periods:-

Thé density treatments were as follows:-

(1) Initial densities were of 6, 9, 12 and 15 individuals per m? and the
numbers were reduced by 10% at the end of each 2 months interval, The
experiment lasted 10 months and the final densities were 3.94, 5.91,
7.80 and 9.78 individuals per m2.

(b) During the second period, which started with one vear old crocodiles
the initial densities were 7.5, 10, 12.5 and 15 individuals per m?2,
The numbers were reduced as in experiment {a) and the final densities
after L0 months were 4.94, 6.57, 8.21 and 9.85 individuals per m?,
respectively.

The bottom of the ponds sloped gently towards the central drain and the
water level was kept so that a radius of 5 m was water covered. The walls
were 1.2 m high and the ponds were covered by a sloping asbestos recof.
Water was supplied through taps at the centre and sprinkles at the water
perimeter. Food, fresh mixture of chicken, fish and red meat was provided
once daily ad libitum. Water temperature ranged between 26 - 34°C and air
temperature 24 - 40°C and were equal in all treatments.

The animals from each repetition were sampled bi-monthly. Twenty five
animals were randomly taken, weighed and measured for total length. Dead
animals were removed and recorded.

The results were as followsg:-

1. The weight/length ratios were highly correlated without any significant
difference between the repetition and treatments.

2. The above stocking densities had no effect on growth rate during any of
the periods.

3. Similary there was no effect of biomass on growth rate during any of
the periods.
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4., Survival was significantly and negatively affected by density during
the first cold season (4 months, July - November 1988), when the
crocodiles were under 8 months old.

5. No effect of density on survival was observed during the remaining 16
months.

The results suggest that Nile Crocodiles can be successfully reared with
no ill effects at the above densities and that temperature has a deterimental

effect on survival at high densities of very young crocodiles.

Full results of this experiment will be published elsewhere.

l. A. Zilber, Clal Crocodile Farms, Mamba Village
P.0. Bex 85723, Mombasa, Kenya.

2.- D, M. Popper, National Centre for Mariculture,
P.0. Box 1212, Elat, Israel 88000.

3. Y. Yom-Tov, Zoology Department, Tel-Aviv University
Tel Aviv, Israel 69978,
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The effect of light regime and temperature on growth rate, survival and

body condition of young captive Nile Crocodiles, Crocodilus niloticus.

By

(L (2) (3)
Ariel Zilber, Yoram Yom-Tov and Dan M. Popper

Twelve groups of 8 months old crocodiles were kept for 5 months in round

2.2 m? concrete ponds with 0.8 m high walls. The ponds bottom were gently
sloped towards a central drain and fully covered by water at a level which
enabled the crocodiles to raise their body above the water only near the
walls. An ad libitum minced mixture of chickens, fish and red meat together
with 1,000 I.U of Vitamin D per 12 kg food was offered once daily on exposed
concrete trays, which were placed in the ponds after sunset and removed
before sunrise. After the trays were removed the ponds were drained, washed
and refilled daily.

The animals were reared under 4 treatments (3 repetitions each) as follows:-—

l. Complete cover of asbestos and glass, l:1 area ratio, which prevented air
flow, and allowed direct solar radiation.

2. Complete ashestos cover, prevented air flow and light penetration.

These two treatments included continous water flow of 28.5°C - 31°C, which
kept both water and air temperature similar in both.

3. Exposed ponds with a complete shade of plywood placed 5 cm above the rim
of the walls, enabled air flow and partial illumination.

4. Exposed ponds enabled free airflow and direct sunlight,

All the animals were weighed and total lengths were measured at the beginning
of the experiment and after 3 and 5 months. Dead animals were removed, counted

and replaced by equal sized crocodiles in order to maintain the experimental
density.

The results were as follows:-
Treatment ! resulted in significantly better growth and survival. The next

best results in growth were obtained from treatments 2, 4 and 3 in this order.
Significantly highest mortality was observed under treatment 3.

The above suggest that a combination of high temperature and direct solar
illumination result in improved growth and survival,




These results contradict common belief by crocodile and alliagtor farmers
that darkness is essential for optimal growth,

Full results of this experiment will be published elsewhere.

l. A. Zilber, Clal Crocodile Farms, Mamba Village
P.0. Box 85723, Mombasa, Kenya.

2. Y. Yom-Tov, Zoology Department, Tel-Aviv University
Tel Aviv, Israel 69978,

3. D. M. Popper, National Centre for Mariculture
P.0. Box 1212, Elat, Israel 88000,
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The Relations Between the Growth of Weight and
Length With the Exuviations of the Young Alli-
gators Before Hibernation

Zhang Zhengdong
( Anhui Research Center of Chinese Alligator
Reproduction, Xuancheng,Anhui, China. )

Huang Zhujian ( Huang Chu-chien )
( Institute of Zoology, Academia Sinica, Beijing,China.)

ABSTRACT

This article discussed the reason why during the feeding
of the young alligators the growth of body weight did not
sychronize with the growth of their total length.

The reason for this phenomencn 1s exuviations. Before
hibernation, there are two exuviations in the young Chinese
Alligators. At that time the growth mode is a period of the
growth of skeleton and epidermis with a prominent increase
in total length. While in the other periocds are princivally

for the increase of their body weight,

A batch of 340 young alligators of 1984 was selected for
the primary inspection of their growth in the early stage.
Two major phencmena were found in this inspecticn:

1, During hibermation, the bodies of young alligators

still kept growing slowly.

2. In the feeding, we found that the climax of growth in
weight and in length were at intervalsﬁij

For the further clarity of this phencmenon, another batch
of young alligators of 1985 was taken out as the material for
minute inspection on their growth during hibernation. And a
report on this result had been written out in ‘198‘7.':2J

Still another batch of young alligators of 1986 was taken
out for the mingggrgg their growth before hibernation,

This paper will report the young alligator's law of gr
and appearing this phenomenon's cause before hibernation.

owth
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Material and Method of This Inspection

1. Material: A batch of 108 young alligators of hatching
in 1968 was taken at random from 5 nests for this in=-
spection. '

2. Method: With the precaution of avoiding the differen-
tiation from their birth origin, the material are
divided into 5 groups according to their original
nests. Then feed, inspect, and measure them sepa-
rately: make record on the amount of food taken and
make weekly records on weight, on total length, and
on the lengths of the trunk and the tail.

Results

4. In all of the periodical measurements obtained nume-
rical values, if according to the velocity of the body-weight
growth for criterion, then every group can be divided into 5
stages.

The increase's t-value test in weight and in length, and
dates in 5 groups on 5 stages were lListed in Table 1 and shown
contrastively.

2. Wwith the purpose of finding 6ut the relationship between
the growth of the trunk and the tail on different growing stages.
The measurements of the trunk and the tail were alsc listed in
Table 1. But obviously the growth of the trunk and tail was
irregular,

%, It was found in the inspection that the young alligators
underwent 2 exuviations before hibernation., But there was a
variation in exuvium time and dates of exuvium process was also
differed in every nest, however it was common in all nests that
the exuvium process was a process in motion and all could be
divided into 3 stages.

1) First stage (free stage): At the first stage of exu-
viation the epidermis of the young alligators begin
to be loosen from the understructure of the skin
and prepare to drop away. This time in appearance
there was no sign of exuvium or there was exuvium
only in a few places and a few crackages in some
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places, However the whole body turned into grey
colour and the colour was much deeper at the joine-

tsof the scales.

2) Second stage { flourist-exuviation stage):

The epidermis 1""on

2" on
T
3" on
arn
I on

A1l kept cracking
ating,.But in the 2 ¢
on the dorsal part e
hone did not exuviat
larger, only exuviat

young alligators lik -

ated skins floating
like grey woolly hail
3) Third stage: This was
of the body covered

in a few places ther:

viating old skin at?
it might be said: ar
pletion,

The dates in proces
all ¢
Table
of g2

evuviations on

were listed in

4, Taking the 5 stages
Table 1 as base, the amount of :
week's average take-food quanti~
food consumption / body weight}.

the lower Jaws
the abdominal parts of neck,
nk and tail

the 2 sides of neck, trunk

tail

the all parts of limbs

into small pisces and exuvi-
uviations the thick bony scales
uviated very late. the head
., instead it grew thicker and
.4 very thin epidermis. The
to soak in water with exuvi-
round them, looked very much
+ growing all over their bodies.
the last stage with most part
ith a sheet of new skin, Only
were still some remaining exu-
ched on the new skin. This time,

exuviation came toc its com=

sion of the 3 stages of the =
1e 5 groups of young alligators
2.

wth of the voung alligators in
sod eaten converted in every

{es and take-food rates(weekly

There were shown in Table 3.

It can be seen that the wvalues »2re variant in all 5 stages.

Discussior
41, From the values of weight

and length in Table 1, it can

be seen clearly that stages I1,I1I,V are the climax for the
growth of weight and stages I1I1,IV are the climax for the growth

of length. And the growth of wel
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with a regular order, It is because:

1) Not only all mean body weights in the 5 stages proved
in conformity with the above-mentioned law, but the
magnitudes in t-test (mainly in I,III,V stages) all
proved distinction existence.

2) In the values of the climax of total length increase
the T stage of group No., 6 was the only exception
among the 5 groups. Because in that stage the climax
of body weight and total length turned out at the
same time; as to the magnitudes of t-test {(mainly
in IT,IV stages) there was no difference only in the
stage II of group No.6 and in the stage IV of group
No.2. In stage IV of group No.1 even though t ¢ R
but in stage V, t t ,80 it inversely proved that
there was existence distinction., Seo, as a whole, in
all stages, they complied to this law,

2. In the 5 groups, the time for 3 climax of increasing body
weight started 264-52 days, 45-101 days, and 8C-132 days,with the
feeding of young alligators. Compared with the 2 climax of 19841 s
batch (20-40 days and 84-91 days) the time relatively conformed with
each other., Being ill before hibernation, so there was no third
climax in 1984's batch, 1]

3, From the observation of feeding, the
between the 2 exuviations before hibernation varied greatly. The
longest time-interval was 21 days (group No.16), while the shor-
test only 1 day, in which there was almost nc interval and one
exuviation just continued on to the next, It was an exception.

time~interval

(see Table 2)
L, There was a grest time distinction and with no law in

each exuviation in every group of young alligators, It seemed
that there was a law from the time taken in the 2 exuviations

in a nest, If the former was a long exuviation, then the later
was a short one, otherwise it reverse, May be this phenomencn

was for to adapt the hibernation of the young alligators with
the help of self-biological clock make adjustment on secretion,
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5. Table 3 proved: Whether the stages were divided according
to the increase of body weight (Table 1) or divided according to
the amount of food consumed by the young alligators, Eventhough
there was no regular formula, but as usual we can get an appro-
ximate result: 5 stages,

6. If the total time of days in the 3 periods of the 2 exu-
viations listed in Table 2 were to be compared with the stages
in Table 1, then the total time of stage II1,IV in Table 1,
aporoximately colncided with the time in the 2 exuviations in
Table 2.

7. As mentioned above, we deemed that before the coming of
exuviation (including also a few days at the beginning and in
the end of exuviation), the growth mode of the young alligator

was mainly for the increase of its body weight., While during
the exuviation almost all the nutritions were used up for the

growth of a new larger spidermis and skeleton. Sc there was
little increase of body welight, and sometimes even a decrease,
But there was a rapid increase in the length of the young alli-
gators, That was why the growth of body weight of the young alli-

gator did not synchronize with growth of total length.

Reference Literatures

(1) Zhang Zhengdong et al,: The Growth Rates of Young Chinese
Alligators in Captivity. Acta Herpetologica Sinica 5(3)::
217-222 (1986)

(2] Zhang Zhengdong et al,: The Growth of young Chinese Alliga-
tors During Hibernation. Acta Herpetologica Sinica 5(3):

16-20 (1987)
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This section was edited and compiled by Ginette Hem'ley, CSG
Vice Chairman far Trade Monitoring, Andrea Gaski of
TRAFFIC(USA). Xevin wvan Jaarsveldt, CSG Vice Chairman for
Trade, and tne following waorkshop participants:

Con Ashley, Ashliey Associates, Ine., United States

John Bache, Australia Crocodile Farmers Associatian,
Australia

Petar Brazaitis, Cantral Park Zoo, United Statas

Dave DQurland, John G. Mahler Co., Unitad States

David Hairae, United Stataes

Jon Hutton, CSG Vice Chairman for Africa, Zimbabwe

Naburu Ishfi, Takara Tosushoe Co., Ltd., Japan

Dietrich Jelden, Federal Republié¢ of Germany

Ted Joanen, CSG Vice Chairman far Nortn Amaerica, United
States

Richard Luxmoore, CSG Deputy Vice Chairman of Traqge
Monitoring, United Kingdam

Greg Mitchell, Mainland Holdings Ltd., Papua New Guinea

Toshio Yamanaka, CSG Deputy Vics Chairman for Trade, Japan
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INTERNATIONAL CROCOQILIAN SKIN TRADE: TRENDS AND SQURCES

Richard Luxmoore
CSG Deputy Vice~Chairman for Trada Monitoring

CITES amnual reports give an estimate of the international trade
legally carried out under the terms of the Convention. Table L
shows the minimum net trade in classic craocodilianm skins (i.a.
all alligators and crocodiles axcept caimans) indicated by CITES
reports. The data for 1987 indicated a total trade of some
115,000 skins while those for 1988, which are as yet incomplets,
show a trade of around 112,000. Wwhen the full data are availablae
1t is Tikely that this will rise toe around 140,000 classic skins.
The total has been increasing in recent years, and has more ar
less doubled since 1944,

Consideration of the soecies involved shows that most of tha
increase has been attributable to skins of Alligator
mississiopiensis obtained frem wild harvests and ranching in
Louisiana and Flarida. Supply of Crocadylus niloticus has also
Tncreasad, owing mainily to the new systems of managament,
ranching and gqucta schemes, introduced in a variety of African
countries. The number of skins of Crogodylus porosus has also
increased to a lesser extent up to around 10,000 skins from ranch
production in Australia and the quota scheme in Indonrasia.
Crocodylus novaeguineae is the main classic skin in trade amd the
supply has remained fairly constant.

In the 1370s the trade was much higher, probably in the regien of
300,000, owing mainly to the larger export of C. niloticus “rom
Africa, many of which antered Europe under the tarms of the
reservations held by Italy and France. These wera dropped in
1984, and the resulting reduction in trade can clearly ba seen in
Table 1. Today thers is very little avidence of illegal ftrade

in €. niloticus skins, and the major 1llegal trade is believed to
e in skins of C. porosus and . novaeguineae from South East
Asia.

Trade in Caiman skins is very much larger, and CITES annual
reports indicate that it was up to 400,000 in 1988 (Table 2}.

the majority of thase came from Venezuela with smaller guantities
from Bolivia, Guyana, Argentina., Honduras and Colombia. There is
also known to be a substantial illegal trade in Caiman skins,
srincipally to Singapeors and Thailand, taking the total to
something over a million skins a year.

CSG April 1990




0661 Tlady
(¥vsn)o1ddval Aq perrduo)

sjxodsy 1enuuy
SALID 886T !SIOVI/ulB61-P86T ‘SUTYS UBTTTPOD0AD O1SSeTD UT °opell PIIOM, !901IN0OS

eyep 9j9rdwoouy +
¥SN 243 wox) sijxodxs ssoxb y

2T18SSS 6¥Y6TTT 6TPSTIT  TBOZE  GVG08  GPZS9  €LG06 1308
0 0 0 0 0 0 0 Tiebs{lss

o 0 0 0 0 0 0 S5 TyebUeh 5
PrLZ L 186 509 15¢ 008 0 Efsusmets ‘o
0 0 0 0 0 0 0 IBITqEOUT °D
L92 LT 1424 1 T ¥ 0 Tis(oio0 5 &
BIE6E. LP16 99TL TGLS LEY9 BGES B6ES sngoiod D
£ 0 £ 0 0 0 0 sTIjsnie s
€T9L6T LBZI9Z  O68BLE  BC6EE  LTOEV 9GT62 GZELZ 3%5 JEAGU 'O
0S£80T 02¥ZZ  ¥L6ZZ OBYBT  BLEG ST19 £98682 STOTI0TIU O
crec oree ves 0 0 LSY ¥eo fac3suijol 5
0 0 0 ) 0 0 0 TsnIpauasiuy "o
£L860T €611 6¥1 0 0 0€02 G19L EN3D EE
0Lzt 1 v LT £LS 901 656 snjnoe ‘5
GOPTET LE9TS  VBISF  BLZEE  8TL0Z  61S1Z 69002 «STSUSTAATSSTSSIH ¢
12305 48861 LB6T 9861 G861 ¥961 €861

SLYOdAR "TVNANNY SALIO NI gALMOdAN
SNIXS NVITIGOOOYD DISSWID NI AAVEL LIN HOHINIMW




0661 Judy spodey [enuuy

(VSIDDIAIV YL £q paprdno) : SALID 8861 'SLOVI./86L-¥861 'SUNS
eieqq a1opdwiooyy 4 UBjIp020.1] Jisse|D Ul epel)] PO, :921N0G
HVIA
*8861

e T AR A e e e o A i o e o AR -

———— ——

snsolod 9

O
cU
Q
§=
S
=
@
@
>
0
c
O

sisua|ddissISsIW "y |

8861L-9861
SUDIS UBIIPO201D JISSBID U] 9ped] J9N Wnwiupy




0661 ‘T1iIdy
{(¥sn)o1daval Aq payydmon

sjxoday Tenuuy sHLID :90IN0g

233 00691
by €1y by 5081 _
0TSBLE zZ086€T SIVIOL
233 00691
by oo¢
118981 61008 VIAGZANAA
0 19481 YHYNYd
0 8 YNOVUYIIN g
0 1 OOIXAH
SGZGT 9E0Y SYHNANOK
£1SLE . OLEVY YNYAND
0 8661 VOI¥ Y1500
ovOVT G9LL YIGHOTOD
b ct1v
19066 6202 VIAX'log
by sos1
0£8se GL808 YNIINADYY
9861 L86T AMINNOD

SATYINNOD TONVY WOHd SNINS URH[e] A0 SIYOdX3 LAN HNWIKIH




UPDATE ON REGULATIONS:
How International Rules are Changing

Presanted by Dietrich Jeldon

In 1975, when the Convantion on International Trade in
Endangered Species of Wild Fauna and Flora (CITE3) entered into
force, for the first time all 23 species of crocodilians were
afforded some legal praotection by means of worldwide trads
regulations or trade restrictions.

Originally, CITES listed 18 taxa in Appendix I and 9 taxa 1n
Appendix II. At that time, Apoendix I crocodilians warae
classified as species threated with extingtion and are prohinited
from commercial trade. Appendix II crocedilians could have bean
commercially trade under a CITES "licensing” system.

Qver the years, CITES has undergone a evolutionary procass
in regard to the rationale on crocadilian utilization. This is
an ancouraging sign for CITES since it shows that CITES. inm some
ways, 1s guite able to adjust to changing political
circumstances.

In chronological order, the fallowing is a brief summary of
the CITES evolution on cracodilian utilization and trade in
thefr sroducts,

n Some species nave geen daownlisted fram Appendix I to II
(Alligator mississipmiensis) and other spaecies or
particular populations have been uplistad from
Appendix II to I (Crocodyvlus acutus and C. POrosus) .
Specific criteria, also called the "Berne Criteria,"
have to be fulfilled for such transfers and were
described in two resclutions (Resclutions Conf. 1.1 and
1.2) adopted at the first meating of the Conference of
the Parties (COP) of CITES in 1977.

2) At the second meeting of the COP in Costa Rica (1979),
the sg-called "“farming" resolution, Resalution Conf.
2.12, was adopted regulating the commercial trade of
captive—bred Appendix I crocodilians as well as other
nan-crocodtlan taxa and included marking, F=2
generation requiremants, etc, This resolution was
followed by other resolutions at other COPs (Resclution
Conf, 4.15, 6.21, and 7.10) defining the contral of
caotive-breeding operations (registration), critaria to
be met for new operations, etc.
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3) The parties at the third COP hald in New Delhi adeptad
the "ranching” resolution (Resojution Conf. 3.15) that
tater permitted countries such as Zimbabwe, Australia
and just recently, Botswana, Malawi, Mozambigue, and
Zambia, to submit proposals to downlist their crocoadile
popuiations from Appendix I to II.

4) In 1985, the parties at the fifth COP in Botswana
adopted a "cropping” resolution (Resolution Conf. 5.21)
allewing specific criteria such as status reports and
management programs (in soma respects, [ believa that
thase were guestionable critiera) to transfer savera)
African crocodile paputations from Appendix I to
Appendix II. At the same COR, basic requirements for a
uniform marking system were introduced (country code,
identification number, year, etc).

5) Last year at the seventh COP, the parties adopted
further resclutions affecting crocodilians and thair
trade:

* Resolutien Conf., 7.14 replaces the "crepping”
rasolution by thoroughly revising the old
resclution (Resolution Caonf. 5,21) such as
permitting no reservation on a species downlisted
under the resclution, reguiring a documentea
management surveys and status reports, etc.

* Resolution Conf. 7.12 recommends, for the first
time, the marking of live captive—-bred and high-
value Appendix I species such as a trial marking
systam using codes micﬁcchfps in specimens of
Gavialis gangeticus.

All of the above mentioned resolutions can he obtained
by contacting the IUCN/SSC Trade Specialist Group, 1725 DeSales
Street NW, Suite 500, wWashington, DC, 20038, USA,

CSG/April 1890




ILLEGAL TRADE IN CROCODILIAN SKINS: CURRENT PROBLEM AREAS

Presanted by
Ginette Hemley
CSG Vice Chairman for Trade Monitoring

The rapidiy-growing international trade in crocodilian skins
has presented a mixed picture of illegal trade over the last
three to five years. The increasing trade in ranched and farmed
skins has brought with it a growing body of regulations aimed at
controllied harvest and export, while at the same time indicating
an overall deregutation of trade. The capacity to enforce and
monitor the expanding movement of skins has generally improved in
the principal consuming regions of the European Community, Japan,
and the USA, while remaining woefully weak in most of the
producer regions. Singapore, an entrepot country and well-
established trade and smuggling center, continues to undercut
worldwide enforcement efforts by maintaining CITES reservations
on three species, Crocodylius porosus, Crocodylus novaeguineae
novaequineae, and Caiman erocodilus. Consumer markets are
expanding rapidly in the rar East, notably in countries that are
not party to CITES such as Taiwan and South Korea.

on a regional basis, the following summaries note areas of
importance with regard to current illegal trace:

Southeast Asia: Probably the most urgent problem with regard to
trade in classic crocodilian skins involves the smuggliing of C.
porosus and C. novaequineae from Indonesia to Singapore. Well-
entrenched trade channels and Singapore's policy of non—
compliance with CITES have made this the biggest "black hole” in
the classic skin market. Current estimates of illegal trade,
based on customs statistics and field reports, indicate that at
least 10-15,000 skins are moving from Indonesia to Singapore
annually, with a number of them eventually ending up in the
Japanese market. Indonesia has recently made important moves to
stop the illegal flow by officially banning all reptile skin
trade with Singapore, apparently causing Singaporean traders to
begin expanding their operations to neighboring countries 1like
Papua New Guinea. Until Singapore withdraws its CITES
reservations, this problem is likely to continue and will greatly
undercut Indonesia's burgeoning crocodile management program.

Singapore has also meenlinked to recent extensiv illegal trade in
cajman skins.

Thailand has recently developed into a ma jor smuggling center for
caiman crocodilus from South America, primariiy from Brazil and
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Paraguay. It is estimated that at least 750,000 caiman skins
ware imported to Thafland in 1988 (Luxmoore, pers. comm.): the
trade has apparently comntinued in 1989, Customs statistics
suggest that a number of these eventually ended up on the
Japanese markat, while the export from Thailand to the US of
manufactured caiman products has picked up markedly. Thailand is
a party to CITES hut lacks legislation to impiement the
Caonvention,

Japan: Japan has made important progress in the last thrae years
in tightening import trade controls, incTuding the removal of its
CITES reservation on C. porosus in late 1989. However,
continuing strong trade from Singapore (up as much as 40 percant
from 1988 to 1989) and Thailand are causa for concern.

Africa: Trade contrals for export of Nile crocodile from Africa
to Europae have improved notably since 1984 when France and Italy
dropped their CITES reservation on the species. While there do
not appear to be significant problems in this trade, a number of
African countries still fail to maet their CITES reporting
requirements. :

South America: B8razil and Paraguay continue to sarve as the

ma jor centers for illegal caiman export out of the region; both
countries ban expaorts of virtecally all «11dlife. Frogress nas

Deen made in Colombia and Venezuela to tighten expert controls:
wnile so-called "stockpiled" skins continue to be axportad fram
Argentina.

Mexica: Mexico remains tha only country in Latin America not yet
party to CITES. well=astablished leather warking centars and
close esconomic ties te both the US and thae £C via Spain sontinue
to make this country an important skin "laundering” center for
¢rocodilian skinms, primarily caiman.

USA: With the booming expert trade of both alligator skins and
meat have came increasing reports of abuse and smuggling
attempts; howsver, these problems are thus far largaely

undocumented and do not yet appear to be significant.

CSG/April '199Q




ILLEGAL TRADE IN CROCCDILIAN SKINS:
CURRENT PRCOBLEM AREAS
Current Trends in US Commercial Imparts
af Crocodilian Hides and Products

Presanted by Peter Brazaitis
Curataor in Charge, Central Park Zoo

Caiman croceodilus yacare, the yacare caiman, continues <o
ceminate as tne species most importad into the Umited Statas as
manufactured products, despite the fact that the species is
Iisted as endangered undar the U.S. Endangered Species Act. The
racea is found primarily in Brazil, Bolivia, and Paraguay whersa
efther hunting ar axport is hannad.

Tanned as well as raw skins of yacare and Caiman
latirgstris., the broad-snouted caiman, have been smuggied in
targe numbers through Colombia to southeast Asia and to the
Unitad States. Tens of thousands of yacare shoes are imported
directly from southeast Asfia or the same shoes and styles are
imparted from [taly witn I*taiian Tabels. Products are cftan made
of poorly or barely tanned skins and are misleadingly labeled
‘genuing alligator" or "genuine crocedile" and ars soid often at
the same prices as genuine alligater and ¢rocodile. Elimination
of skin tagging and marking prior to tanning and product
manufacture aids illegal trade and hanpers wildlifs law
anforcemant.

CSG/24 April 1990
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MONITORING TQOLS: HOW FAR DO wWE GO7?
Education of the U.5. Consumar

Frasanted by Oon Ashley
Ashlay Asscociates, Inc.

In 1988, A cooperative alliigator peint-of-sale marketing
research project was started in the U.S. to svaluate the
effectivenass of distributing infarmation and promational
material to tanners, manufacturers, and retailers about
alligataors and alligator products., About 1,000 Alligator
Bogklats were distributed throughout the ifndustry and an-site
evaluations at more than 50 retail stores were made in Mew York,
Callas, New Orleans, Orlandao, and Miami. The primary goal was to
reach retaijl sales clerks who are in qaily contact with
potential custaomers for alligator products and to better inform
them about: ’

1) the availability of classic Amaerican alligator
praducts;

2) the regulated wildlife mamagement and farm programs
that control the harvesting, processing, and
distributicon of alligator praoducts;

3N the natural history of the reptile and the unigue
conservation success story it represents through
management and utilization of a renewanle natural

‘rasourcs. '

Based on the significant support and response af
manufacturars,retailars, and other producers in the industry, an
updated version of the Alligator Booklat was produced in 138% and
is currently being distributed to all major U.S. markets for
alligator products. In addition to the original, its emphasis
was on the fac¢t that alligator products ware:

1) lagal;

2) not endangered;

3) subject to numerous state, faderal, and international
regulations requiring tagging and annual reporting;

4} farm-raised or the product of a government ragulated
harvest aof a renewable rasource;

3) an economic incentive to manage and conserve both the

species and its habitat;
&) quality products with long lasting value.

The current project is distributing 5,000 free copies of the
updated Alligator Booklet in the US and making another 5,0Q0
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copias available at printing cost to tanners, manufacturers, and
retatiers who want to provida booklats directly to customers who
pruchase or might purchase an alligator product. In addition to
doubling sarticipation by manufacturers in the second edition of
the booklst, additional informatiom was included as a result of
the initial survey that incldued new information on:

1) jeather;
2) differencas bhetwean alligator and crocodile;
3 creative new products,.

The next phase of the alligaoctor paoint-of-sale project will
be to design individual product tags that will provide key
information to the customer on alligator management and marketing
programs. Also, an international edition of the booklet is
planned which includes informaticon en all four of the primary
classic crocodilian skins in trade. The intermational edition
will be in five languages and distributed first in France, Iltaly,
England, Germany, Japan and the US as well as in all hide
producing countries,

The best long—tarm marketing stratagy for crocodilian
products s to first produce the highest quality products and
then have the best ifnformed sales force at retail. Cvar time,
the reputation of the classic product is anhanced and the publig
s bettsar informed about the cancept of managing crocogilians as
renawabie natural resources. The aconomic incentive to manage
and markat crocodilians ¢an enhance efforts %o conserve both the
speciaes and its habitat. Contrary to many animal rights
arguments-—this is real consarvation. That is anm important part
of the message as consumers become more envirormmentally aware in
the future. A point-of-sale marketing project is a useful first
step toward these goals,

CSG/Aprii 1990
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AUSTRALIAN CROCCODILIAN FARM SKIN PRODUCTION
1588-1989

Presented by John Bache
Prasident, Australia Crccodile Farmers Association

1388 1989
Sw EW . Total SW W Tota! %Variance
HATCHLINGS

Wild Harvest 2733* 1812 4565 3470+ 5:195%* 8665 +83.81
Farm 8red 3586~ 371 3857 SQL7+ 501 5318 +39.45
TOTAL §339* 2183 8522 8487+ 5696 14183 +68.42

SKIN SALES++
1229 1008 2237 1328 518 1846 -17.48

NQTEZS:

SW = Craocodylus perosus
FWw - C. Johnstoni

* Covers 1987/1988 nesting season

+ Covers 1988/1989 nesting season
*¥** Includes Australian wild harvest in western Australia
++ Includes export and domestic skin sales
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PAPUA NEW GUINEA CROCGCDILIAN SKIN PRCDUCTICN
1988-1989

Fresented Dy
Greg Mitchell
Maimland Holdings Ltd.

1988 1589
€. ngvaequineae
Liva purchaseas 5967 4875
(hatchiings/yearlings)
Egg production WILD 450 12389
FARM - -
Skin production WILD 12001 144135
FARM 5204 7684
TOTAL 24022 28273
C. porasus
Live purcnases 4378 3238
(hatechlings/yearlings)
Egg production WILD 647 1198
FARM 1800 2500
Skin production WILD 3178 3857
FARM 2286 3065
TOTAL , 11984 13885

Total farm stock in Papua New Guinea by the end of 1990 is
estimated to be approximately 42,500 head.

CsSG/April 1980
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AFRICAN NILE CROCOOILE SKIN PRODUCTION
1990-1991

Presented by
Jon Hutton
CSG Vice Chairman far Africa

At the 1989 CITES meeting, Zimbabwe, hitherto the anily
African country with a CITES appraved ranching program, was
joined by Botswana, Malawi, Moczambique, and Zambia which received
approval for their ranching programs. In addftion, Ethiopia
obtained a CITES export gquota for ranched skins for the first
time while Kenya and Mczambique obtained a seécond round of
export quotas for ranched skins only. Only Somalia, Sudan, and
Tanzania recefved export suotas for wild skins, Sudan's only for
one year to clear stocks.

Producticn of ranched skins is, accordingly., expectad to
increase, while wild skins decline markadly.

Unfortunately. export quotas gfve littla indication of what

may actually be produced. Tha following schedule is advanced as
a4 tentative prediction for axports from Africa in 1990 and 1991.

PRODUCTION OF NILE CROCCOILE SKINS IN AFRICA

1680~-1961
Farm/Ranch Wild
Country 1990 1991 1990 1991
Botswana 2000 i1cco Q a
Ethiopia 2800 3200 0 0
Kenya 2500 2500 Q 0
Magdagascar 0 300 Q Q
Malaw{ 2000 2000 250 250
Mozambique 300 1000 Q "0
Namibia Q 200 Q Q
South Africa 4000 80400 Q Q
Somaiia 0 o} Q S{e]w
Sudan Q Q {e]ate] Q
Tanzania Q 0 1000 100Q
Zambia 3000 3000 Q Q
Zimbabwe 20000 23Q00 Q Q
TOTAL 34900 48700 §250Q 1750

CSG/April 1990
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EXPORT QUOTAS FOR CRCCODILIANS AGREED UPON AT THE SEVENTH
MEETING OF THE CONFERENCE OF THE PARTIES TO CITES

1989 1990 1991 1992
Crogodylus gataphyactus

congo 600 w 600 w 600 w 600 w

Camaroon 100 w 0 0 0

congo 130 w 4] o] 0
Ethiopia 8300 T 8800 r%* 38800 r*
20 w 20 w 20 w
' 50 & 50 ¢ 50 ¢
Kanya - 400Q r 5000 r 6000 r 8000 r

1000 w :
Madagascar 1000 w

Q 2000 » 4000

Somalia 500 500 300

Sudan 5000 w 5040 w 9 Q

Tanzania 2000 w 1000 w 1000 w Q
4000 r 6000
100 = 100 ¢ 100 =

[}
Indonesia 4000 w 3000 w 3000 w 2500 w
- 2000 r 3000 r 5000 »
staglaemus tetraspis
congo 500 w 0 Q 0

= ranched specimens

= wild harvest

= hunting trophies

= including 2500 live hatchlings

¥t £

Source: TRAFFIC Bulletin 11(2/3) (March 1990]
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ALLIGATOR FARM PRODUCTION IN THE UNITED STATES
1989-1990 -

Presented by Ted Joanen
CSG Vica Chairman faor North America

Farmed=raised skins did not enter the Laouisiana program
until 1984. That year approximately 2,000 farm-raised skins were
sold. The average size of all farm—rafsed skins sold in
Louisfana since 1984 measured was 4 foot, 4 - inchas (N=6%9, 944)
with a range of 3 to & feet. Most of the Louisiana farm-raised
aliigators reached marketable size in lass than two years of
age. Laouisfana’'s 1989 farm production is estimated at 50.0Q0
skins along with a 25,000 wild skin harvest. Louisiana state
narvest from both farm and wild accounted for 77 percent of the
U.S. al’igator skin production. The econamic value of the wiid
and farm harvest to the state amounts to about %18 million
annually.

Alligator farm production in cother states such as Flaorida
and Texas is expected to increase in the near futurae. The 1989
farm skin production from Florida farms was 16.389. These skins
averaged 4 to 5 feet long,

Texas has just approximated an egg coilection program. In
1988 approximately 2,000 hatchiings were sold to Flaordia farms.
Skin production an Texas farms wil] gntar tne markat fsr fhe
first time in 16%0.

Alligator mississipoiensis SKIN PRCOUCTICN

1988~-1990
1588 1889 1990(est)
Louisiana FARM 18, 500 50,000 75,000
WILD 23.000Q 25,000 25,9000
Florfda FARM 7,500 16,400 25,000
WILD 7,400 8,000 10,000
Texas FARM 0 20 -
WILD 1,600 1,800 -
South Carolina WILD 350 275 -
TOTAL g6, 350 101,495 135,000

C3G/April 1990
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MARKET PRODUCTIOQON AND THE IACTS REVIEW

Prasanted by Don Ashley
Ashley Associates, Inc.

Since 1987, the goal of the International
Alligator/Crocodile Trade Study (IACTS) project has been "to
gbtain a bettar understanding on fntermational classic
crocodilian trade and evaluats its effaect on the management ang
canservation of crocodilian resources." Through an annual
report compiling CITES trade statistics and information frem
regianal cooperators, and hide dealers, IACTS pravides a yearly
trade analysis on past, presant, and future classfic skin trade.

In the 1989 IACTS annual report, minimun net trade in
classic skins was 115,491 hides based on 1987 CITES Annual
reports. No CITES report was received that year from Indonesia
and the volume of that unreported trade is estimated to be
30,000-40.000 classic skins. These estimates coincide with hide
dealers information that total classic skin trade is
approximately 150,000 hides a year. This level of trade remains
at about half of the estimated trade twanty years ago (300,000)
and about one-third of the peak trade in the garly 186Q's which
may have reached 500,000 skins a year. E

The number of classic skins in world trade wi’ ! increase
significantly in 1990 to more thnan 200,000 skins per year. And a
further increase to about 300.000 hides is expectad in 1891,
returning worid trade production to the estimataq 1970 levals.
The increase is due almost entirely to expanded praoduction of
farmed and ranched skins. After 1991 the rate of expansion in
¢lassic skin production will moderate to 25,000 to 50,000 each
year and wauld return to the early 60s levels of estimated
production of 500,000 betwesn 1985 and the year 2000.

Based on thesa findings, the IACTS panel recommaends:

L A1l crocodilian skins should be tagged.

2) Indonesia should improve its hide tagginmg and CITES
raporting systam.

3H Japan and Singapore should drop their CITES reservation
on Crocodylus porosus. (Nota: Japan dropped its
rasarvation in lata 1989.)

43 Froducer countries, Botswana and Sudan, should drop
their reservations on C. niloticus.

3) Thailand immediately implement a hide tagging and trade
reporting system,
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8)

7)

8)

CSG/April

Singapore should register 1ts crocodile farms, inftiate
a hide tagging system, and establish a trade reporting
procedure for crocodilfan skins,

CITES export gquotas should only be approved when
adeguate crocodile mangement plans ({including habitat
survey and population monitering compcnents), have
been established.

Strict enforcement of managed wild harvest regulations
sheuid be implemented to bettar protect wild stocks.

199Q
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[N VORID TRARE N {989
By Speciesx:
A.missixsippiensis 43.000
Cualionens 13.000
Cagvaeguines 65.000
C,_norosus 15.000
Cohnzoni 1.000
Cther L0200
TOTAL - 150.000
By Region:
United States 45.000
Alfrica 13,000
Papua New Guinez 415,000
Austraiia 2.000
[ndonesia 34.000
TOTAL 150,000
TABLE 2
ESTIMATED NUMBER OF 7 ASSIC F OO DILIAN
HJATCHLINGS STRCXT=0 IN 'osg
By Species: CAPTIVE RANCHED URTOTAL,
A, Misvisgipoiensis 15.000 90,000 (0s.000
C.atioticus 10,000 38.000 43,000 -
G.lgvisniineas - 25.000 15.000
&, Corosuy 1,500 13,200 [5.000
C. lonnstoni 250 3,000 3,250
Other LIZ) L.000 wZ
TOTAL 23.500 [71,500 200.000

- The estimated number of C,_tilotcus hatchlings may be conservative Gue 0 uncermain
cotlection, hawchiing and mortality mues in several African countries.

By Region: CAPTIVE RANCHED SUBTOTAL
United States 15.000 97,000 105.000
Africa 10.000 38,000 48.000 *
Papua New Guinez 1.000 20.000 21.000
Ausirafia 750 5.500 6.250
Indonesia - 17.000, 17,000
Cther LZ30 Loog 2250
TOTAL 28.500 171,500 200.000




page three

TABLE 13

ESTIMATED NUMBER OF WILD HARVESTED

CLASSIC CROCODILIAN SKINS IN 1989

United Statag
Alligator 30,000

Africa
Nile crocedile 12,000

Papua New Guinea

Freshwater and Saltwater crocodile 24,000
Indonesia
FPreshwater and Saltwater crocodiles 24,000

TOTAL 90,000

TABLE 4

TRADE FORECAST IN CLASSIC SKINS

YEAR  TOTAL TRADE ALLIGATOR CROCODILE

1990 200,000-250,000  100,000-125,000  100,000-125,000
1991  250,000-300,000  125,000-150,000 125,000-153,000
1992  300,000-350,000  150,000~-175,000 150,000-175, 000

Projected increases in classic hatchling and skin supplies beyond 1992 is
more difficult because of variables like farm expansion, hatching success,
nest flooding, farm failures, mortality rates and intermational requlations.
However, if market demand and hide prices do not become a disincentive after
the 300,000 hide annual prodoction plateau is reached, then supplies will
continue to increase at 25,000 to 50,000 additional classic skins a year
through the 1990's. The earliest 500,000 classic hides a year would be
produced is 1995 and the longer view would be by the year 2000 to reach a
half million classic gkins annually,.
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GLOBAL MARKET PERSPECTIVES:
JAPANESE MARKET IMPLICATIONS OF SPECIES
AND SIZE CLASS CHANGES IN THE CROCODILIAN TRADE

Presanted by Noboru Ishii
Takara Tsusho Co. Ltd.

Total imports of classic grocodilian skins

A1l kinds of classic crocodilian skins are impaorted into
Japan. The total value imported in 1989 for classic crocodilia
skins and hides was about 3US 16 million, Among these, 84
parcent or about 3US 13.5 million) were wat salted raw skins.
This figure excludes skins of Caiman crocodilus.

Market share by specias

The largest quantities imported into Japan in 1989 among
classic crocodilian skins were of Crocodylus novaaguineas
novaeguineae (L. n. navaeguineae), which fis also called the
“lTarga scale crocadile." Thesae comprisad about 60 to &5 parcent
of total imports.

The second largest quantities s after L. N. novaequineas .
have been Crocodylus porosus, also called “small scala
crocodile." These comprisad apout 15 percent of all imports in
1589,

The third lTargest guantities imported werse of Aliigatar
mississippiansis (American alligator), which comprised about 1S
percent of all importis.

Tha fourth species imported was Cracodylus niloticus (Nile
crocadila), comprising about 3 to 8 percent of the 198% imports.

Market share by producing countries

In 1589, the largest share of classic crocodilian skins came
from Singapora, which supplied about 239 percaent of total raw
crocodile skins imported in Japan. The sacond country was Papua
New Guinea, which supplied 20 percent. The third largest
supplying country was the Unitad States with 15 percent, wnile
the fourth country was Indonesia, which supplied @ percent of all
skins imported to Japan.

In 1988, Papua New Guinea was the leading supplisr of skins
to Japan, with 34 percant of the markat. This was followed by
Singapore with 28 percent, and the USA with about 15 percent.
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Farmed skin vs. wild skin supplies

In terms of demand and the use of farmed skins versus wild
skins, in general, the following pofnts should be considared:

Wild skins * expecting less supply in
coming years
varisty of sizes (larger)
higher price than® farmed

* not dependable for stablae
manufacturing scheduls
x image not so prafaerable in

tarms of conservatian
Farmed skin stable and sufficient supply
stable price
1imitad sfize selection
major supply sourca for futurs
businass
x legal image

% A& A

»

Both wild and farmed skins each have advantages, and
the demand for both types varies depending on fashion
and customer's neeads.

However, 1t is increasingiy difficult to get surficient
supplies of wild sking, and it is axpectad that fewer
and fawar wild skins will be available in coming years
ta meet demand. In addition, higher prices are
expected. It is likely that customers (manufacturers)
will be considaring more utilization of farmed skins in
the future,

World production vs. demand

Considering current total worldwide production of classic
crocadilians at approximataly 150,000 skins (according to IACTS),
Japan fimports about 50 parcent of world production as raw
matarials.

Besides raw materials, there are huge numbers of
manufactured leather goods made from c¢lassic crocodilian skins
which are imported into Japan primarily from European countries,
particularly Italy, France, and F.R.. Garmany,.

In addition to this, large volumes of finished leather goods
are purchased by Japanese tourists visiting Europa.
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In cenclusion, we estimate that approximataly 70 percent of
total world production of classic crocodilian skins are
currently taken by the demand of Japan. In other words, the
presant market of classic crocadilian skins s very much
dependent on a single market.

wa consider this is not a particularly healthly situation
for the crocedilian industry. Although we hope and will try our
best to keep our Japanesae market stsady in growth in coming
years, we have to avaid the markat being damaged by any extrems
marketing changas or movements Dy eaxtarnal forces such as animal
rights activists.

1t is important to nots that Japanese consumers are becoming
increasingly sensitive and concerned about natural environmant
and the canservation of natural resources,

with this in mind, we considar it very impeortant for all
parties cancerned with the crocodile industry, including both
producing and consuming nations, %o work together not only In
Japan but worldwide on positive promaetional efforts aimed at
educating the consumer that buving crocodilfan products helps
conservaton of crocodiles and natural resources.

CSG/April L1390
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GLOBAL MARKET PERSPECTIVES:
EUROPEAN MARKET IMPLICATIAONS OF SPECIES
AND SIZE CLASS CHANGES IN THE CROCODILIAN TRADE

Prasented by Kevin van Jaarsveldt
CSG vice Chafrman for Trade
on behalf of
Deputy Vice Chairman Philippe Roggwiller

Skin Sizes

18~24 cm A small market exists for very axpensive smal]l
leather goods and toc some axtant watchstraps.
Recent discussions with lsading watchstrap
manufacturers indicate that prices are tao high by
53 perceaent.

25-29 cm This size range is fncreasing considerably in the
market, as farmers try to markat smaller skins to
combat the nigher faeding costs and accomadation
problems associated with raising larger animals.

The increased numbar of skins of th's sfze 1in the
market make finished goods vary expensive, as two
skins are needed %to manufacture a woman's hNandrcag
whereas only one skin is neeced when targer sizas
are usad, ;

30-33 ¢m These size skins are normally included in the 25
—-29 c¢m range, and although better, are often a
small percentage of parcals.

34-40 cm There are not enocugh of these skins in the
marketplace; they do demand a nigher price.

40+ & UP Thase sizes are almost complietaly out of the
marketplace, with the exception of those from wild
alligators,

RECOMMENBATION: Farmed production of crocodilian skins should
attempt to attend to the full range of
required skins, 18 toc 55 ¢m, and not to
concentrates primarily on the 25 to 33 cm size
rangs.

CSG/April 1990







GLOBAL MARKET PERSPECTIVES:
U.S. MARKET IMPLICATIONS OF SPECIES
AND SIZE CLASS CHANGES IN THE CROCCODILIAN TRADE

Presented by David Haire

U.8. traends in the usa of cracodilian skin in *he las* 20
years have taken numerous bends and turns. Ouring the first five
Lo six years, the western wear industry utilized cracodilian
sxins, historically facusing on 7 foot animals. Later, the
industry turned its focus toward the mare readily available wild
American alligators and less toward tne more regulated and less
available other crocodilians. But as prices soared for
alligators and other crocodiiians and competition for larger
skins has increased worlawide, the fndustry substituted other
gxotic skins in the last faw years,

Yet crocodilian skins arae st} used in the U.3. skin
industry if anly a an small-scale. The sma'ler skins dre being
used by a growing number of skillag leather zraftsman praoducing
classic crcocodilian nanchags and flat goods. And the skin
tndustry uses farmed skins as well tut higher prices, axcess
scarring, and bacteria] damage foound in some farmed skins has
limited tneir growth in the industry.

CSG/April 1990
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THE TRADE IN OTHER EXQTICS:
THEIR EFFECT ON THE CROCODILIAN MARKET
lLizard, Snake, and Shark

Presantad by Toshio Yamanraka
Deputy Vice Chairman for Trade of CsG

The state of the market for 1{zard skins in Japan im 1989
greatly expanded compared to the previous year. The total value
was approximately 1.9 times that of 1988's figure according to
Japaness custom statistics. Some of this may be explained by
Praoducing countries' price increasas during that periocd. Far
example, the price of ring-marked lizard (Varanus salvator) skins
fncreased from $7 per skin in January 1989 to 39 in December and
s now about 310 per skin.

Nearly 80 percent of lizard skins, the caore of the Japanesa
reptile skin industry, came from Indonasia during 1989,

The Japanese raeptils skin industry would like to see the
dewnlisting of two Appendix I species of lizards, Bengal monitor
(V. bengalensis) and yellow monitor (V. flavescens). From a
conservation point of view, this industry beifaves that such a.
downlisting could be beneficial in that it -would lessen the trade

on V. salvator.

The Japanese reptile skin industry beliavas %hat the
Japanese government is now preparing to coopnarate with tne
8angladesn government and provide funding for additionmal
investigation into the populations, nahitats, ecology, and
biology of these two varanids. With thass data, the Bangladesh
CITES management authority should be able ta determine if *the
these two species should he dawnlisted to Appendix I1.

FPythan skin trade is relatively stable in Japan, salling at
constant prices at a moderate markaet demand. Python skins ara
used primarily for meore casual woman's handbags for the younger
consumer. '

While shark skins are not praoduced in great quantities in
Japan, these skins are extremely popular for use in handbags for
the Japanese market while they ara used mainly for watchstraps in
the Eurgpean market,

Sharks are a secondary catch of the Japanese tuna fishery
and are usually taken only when tuna are not dvailable, so thera
1s 7ot a constant supply of skins. Finished shark skins
availanle in Japan have an estimated value of about $100,000
monthly, for both the domestic and faoreign market.
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In conclusion, the three types of skins mentioned above ——
lizard, snake, and shark =— ganerally do not affect the
crocodilian markat at all because the price structures are
different and the classes of consumers vary according tc income
rate. The Japanesa reptile skin. industry believes that
c¢rocodilian skins and these three other exotics are fully

compatible in the marketplace.

CESG/April 1990
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THE TRADE IN QTHER EXOTICS:
THEIR EFFECT ON THE CRCGCODILIAN MARKET
Ostrich and Elephant

Presentad by Kevin van Jaarsveldt
C3G Vice Chairman for Trade

At a time when significant growth in crocadilian farming
activities is fncreasing production, what is happening with
other exotics?

Qstrich
Currently 100 percent of all ostrich skin trade is
controlled by South African farmaers through their co—op in

Qutshocrn and major sharenolding in a Botswana tannaery.

Klein Karooc Landbou Coporasi {KKLK) trade is estimated at
80,000 skins per annum:

Buyersy/
Markets Est. Skins Adants
South Africa 7,000 -
USA 22,000 2
Eurcope 30, 0C0o 4
<“apan 186,000 3
Honmg Kong Ralele] 1
Taiwan 600 ]
Singapcre 1,200 1
dotswana 2,000 -
TCTAL 79,800 13

it is important to note that increasaed ostrich farming
activities in the USA, Zimbabwe, Namibia, Boputswana,
Botswana, and Tanzania could increase this figure
considerably by 20,000 in § to 7?7 yaars. :

An adult ostrich producas an average of 14 sq ft of
skin,

Estimated annual production is 1,037,400 sq ft valued
at $25,935,000 (basad upon an avg., minimum of 13 sq ft
rer animal x 79,800 skins per annum x avg. finished
leather price of $25 per sq ft for 7Q/20/10 grading).
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Elephants

Although out of trade due to the recent CITES Appendix I
1isting, it is auestionable that this leather will come back
into trade in the next two to four years.

Traditional scource of supmly:

Progucsr Animals/Annum Est. Sa. Footage
Zimbabwe - 2,800 ' 350,000
South Africa 8Q0 60, 000
Namibia 45 4,300
TQTAL 314,500

80 kg dry salted hide = 100 sg ft leather

Until the CITES ban, estimataed annual production was valued
at $5,348,500 (based upon 314,500 sq ft per annum x avg.
finished leather price of %17 per sq ft).

With this leather possidly back in trade in 1992, the
actual numbers ara difficult to predict until new CITES
rules are adopted. I+ should be noted haowevar that under
normal annual greduction pregrams, these pravious numbers
could be increased and may fncluds other countries,

Markats Markst Share Use

USA . BS% cowboy boot manufacturers
Japan 10% small leather goods & Tuggage
Europe 5% small leather goods & Tuggage

CsG/April 1990




THE TRADE IN OTHER EXOTICS:
THEIR EFFECT ON THE CROCODILIAN MARKET
Ostrich and Elephant Trade in the USA

Presented by Dave Durland
Jehn G. Mahler Co.

Due to the unique character of each of these leathers thera
Seems to be less competition for consumer dellars in the US
market than you might expect.

Crocodilian and elephant leathers seem o have reached a
price resistance level in the US westarn boet market. This
Price resistance con the part of the US consumer seems to have
more impact on crocodilian products than competiton with other
exotics,

Elephant

Current Markec: The current elephant market is very
clouded by the recent CITES ban on international
trade in elephant products. However, sales of
elaephant products in USA are strong encugh to
absorb present stocks in this country.

Market Trends: The scarcity of raw material drove
prices past a level wheres volume Business could be
done in the US. When elephant leather again
becomes available, once again the price will bhe a
very important factor.

Qstrich

Current Market: Oastrich is stil] very much in demand
worldwide. Supply has not yet caught up with
demand. Due to the recent drought situation in
South Africa, it is especially difficult now to
meet market demands. Prices aras advancing.

Market Trends: Ranching of ostriches is expanding in
South Africa. TFlocks are also growing in other
parts of Africa, Australia, Israel, and the US.
Substantial products from these newer areas are
still a number of yeara away, however.

CSG/April 1930
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INDIAN CROCODILE CONSERVATION SITUATION RE{ ORT:
ACTION PLAN FOR THE 1990's

B.C. CHOUDHURY

WILDLIFE INSTITUTE OF INDIA
NEW FOREST, DEHRADUN
INDIA

ABSTRACT

Since the initiation of Crocedile Conservation Project in 1975,
The population of Indian Crocodilian is on an increase. Absence of
suitable Action Plan has hindered in the management oricnted
decision making for the conservation of Indian Crocodiles. Action
Plan for the conservation management of all three species of Indiun
Crocodiles viz. Gaviglis gangeticus, Crocodwius porosus, C. palustis
has been proposed with a briel discussion on the present staws of

each species in the country,
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INTRODUCTION

Since the first meeting of the Crocodile Spccialist Group that raised an alarm on the endangered
status of the crocodilians in India (Honneger, 1571} and the last official status report presented in the 7th
working meeting of the CSG (Singh et. al. 1986), there appears to be a sudden change, both in crocodilian
conservation approach and attitudes in {ndia. There is an “illfounded" feeling now that the Gharial (Gavialis
gangeticus ), Salt water crocodile (Crocodvius porosus) and the mugger (Crocodylus palustris ) are all safe

and even surplus in the country.

With over thirty six Government managemenl crocodile rearing centres spread across the country
(Fig.1), holding about 20,000 - 22,000 crocodiles, the fecling appears to be justified. There are even debates
in the comservation circles to remove the Indian crocodilians [rom the schedule [ list of the Wildlife
{Protection} Act 1972, which now provides them total legal protection. These voices also advocate that Indian
crocodilians be "commercially harvested”. With no guideline or even a safe guard strategy of protection to the
wild population, following such an act {Rarvesting) the Government has not heen able to take any decision

on this issue. But how safe arc the Indian crocodilians in reality?

STATUS OF THE GHARIAL

The seven small isolated wild populition of Gharial reported by Singh <ozl (1986), bave increased
many fold by re-introduction. The sub-adult sixe clusses in protected arcas have recruited into the breeding
group. Increasing number of nests arc now being reported (rom Chambal {Ruo, 19883, Girwa {Basu pers.
com.), Mahanadi (Kar and Singh pers. com.), with unconfirmed reports of breeiling in the wild in Ramganga

(Corbett National Park authorities).

The overall programme of Gharial re-introduction into the wild continues. From 1164 individuals
released in 1984 to 1520 in 1986 (Choudhury and Choudhury, 1986), the number so far released stands around
2000 in 1990. While the states of Madhyas Pradesh and Uitar Pradesh still continue the release programmes,
there appears to be no interest by other gharial habitat states-particularly Bihar and 1the North-castern states
(in Brahmaputra river system). The limited number of wild habitats in (he Ganges river system cannot
perhaps now accommodate more Gharial. The lack of survey for locating suitable habitats has created a

surplus stocks in captive rearing centres.

The situation appears even worse looking at the number of Gharials that are bred every vear.
Nandankanan produces over 200-250 captive bred gharial, Madras Crocodile Bank and the Kukeail Centre at
Lucknow as well as Bannaghatta Zoo have also started breeding gharial. It is now cxpected to breed in
captivity at Tikerpada, Orissa and Mysore Zoo, Where will all these go? A systematic survey of three river
systems: Ganges, Brahmaputra and Indus will help locate places for all the gharial now being reared in

captivity.
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The Suggested Action Plan for Gharial

1. A gharial habitat survey in the Brahmaputra river system on priority basis to find suitable
rehabilitation sites for the captive gharial with the objective of restoring the species to its former
distributional limits.

2. Helping management authoritics of Gharial Sanctuary and National Parks to draw up propet

management plan.

3. Helping Gharial breeding/rearing cenlres to make future plans for conservation oriented stock
utilisation.
4. Helping to deveiop ’alternate livelthood® for people who have lost righl (o use riverine habitats for

Gharial conservation,

STATUS OF SALTWATER CROCODILE

The last two remaining habitats of the Crocodvits porosus in the Lndian main land is now saturated
with release. The Bhitarkanika Sanctuary has been restocked with over 1200 saltwater crocodile in 4 area
of 176 sq. km. The Sundarban arca may still accommodate a large number of them, unlike Andaman and
Nicobar Islands where the extremely marginal esturine/mangrove habitat makes it dilficult Jor any further

reintroduction.

The man-crocodile conflict is perhaps the maximum with this species. Anduman and Niecobar [slands
and Orissa, both have reported cases. With Sundurban already aolorious for ils man-eating tigers, another

carmivore-man conflict situation cannot even be thought of.

In recent year at least four sub-adult C. porosus bhave been reported and caught in the castern coast
of India where they were known to be extinct. Docs this mean, the two mainland saliwater crocodile habitat

are now over crowded?

In captivity, the porosus now breeds in Nandankanan and Dangamal in Orissa, Vishakhapatanam in
Andhra Pradesh, Madras in Tamilnadu, Bhagabatpur in West Bengal, and Kukrail in Uttar Pradesh. Where

will all these go?

The Suggested Action Plan for Saltwater Crocodile

L Consider bringing further mangrove arcas under the Protected Arca Network of India and select
release locations. Areas in west coast have to be surveyed.

2. Minimise man-crocodile conflict situation in the long-term intcrest of the specics.
Manage Bhitarkanika Sanctuary and suitable locations in Andaman and Nicobar Islands as the
National Saltwater Crocodile Reserves,

4. Consider possible utilisation of the species under rural economy improvemenl programne.
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STATUS OF MUGGER

Mupgger is perhaps much more widely occurring now than before. Following Lhe protection since 1972
and cotiservation programme after 1975 small remnant populations have re-estublished themselves. The best
examples are Ranthambhore and Jawa reservoir in Rajasthan. The other states where wild populations are
doing well are Uttar Pradesh, Gujarat, Orissa, Andhra Pradesh, Maharashtra, Tamilnade, Karnataka and

Kerala,

Following the reintroduction of over 2000 captive reared Muggers, this extremely adaptive species is

known to have started breeding at least in 10-12 locations.

It now breeds in captivity at least in 25 locations and the number of nests (both in captivity and wild)

may be over 300 per vear. There are alrcady over 12,000 juveniles being reared in captivity.

This has brought in a {ccling of 'too many' mugger in the country. Looking at the adaptibilty of the
species there may still be wild habitat available in almost all states for this species. In over 500 protected
arcas, there are water bodies as also numcrous man-made reservoirs within Reserve forests that can

accommodate mugger,

The Suggested Action Plan for Mugger

1. Wild egg harvesiing [or captive hatching to be stopped by all states.

2. States to survey protected areas for rehabilitation of mugger. (State wise action pian may be the best
answer).

3 Each state to manage at least one modcl "Mugger Reserve’. {An experl commiltee of the Central

Government to prepare guide lines and help prepare management plan lor such rescrve).

4, The Central Government co-ordinate a 'co-operative’ inter-state surplus stock disposal reintroduction
programme.
LR Formulate guidelines and control of captive breeding for Mugger. (Emphasizing on objective of each

captive breeding centre).

ACTION PLAN FOR 90°s

Singh et. al. {19%0) proposed in 1988 an elaborate action plan for the Indian crocodiles. This has been

extensively commented by various agencies. A gencral feeling of this action plan is that it is too broad based

rather than priority specific. The present proposed action plan attempts to be more specific.

1. The Ministry of Environment and Forest, Government of India has alrcady circulated guidelines to
crocodile programme operating states to stop collecting wild laid eggs in an attempt to minimise
accumulating stocks. Financial support has also been provided to make room for over crowded

stocks. States have been advised to cerate additionat rearing facilitics wherce the stocks can be utilized

for educational purpose.




2, The wildlife officials have been asked to survey water bodies within Protected Aras’s and rescrve
forests for feasibility of further introduction.

3 A circular has gone to states to prepare projects that will look into the prospect of 'mugger crocodile
utilisation’ by tribals and other ethnic groups who were traditionally the users of crocodile--both for
consumptive and non-consumption purposes.

4, States not operating a crocodile conservation programme but have considerable areas with crocodile
habitats are to initiate programmes for rehabilitation of crocodile with surplus stocks from other
states.

5. North-eastern India and the Brahmaputra river system to be considered as the priority areas for

crocodile conservation during the 1990's.

DISCUSSION

A cursory lock at the re-introduction locations (Fig.2) and the increasing successful breeding of the
re-introduced stock in the wild justifies the programme to be termed as “successful’. However, we have in
captivity many more crocodiles meant for re-stocking and not many locations identificd where these eaptive
stock can go. It appears henee, the unsurveyed wild arcas have to be surveyed immediatcly as also the
suitablc habitat within Protected Arcas should be identified as carly as possible. This however is not without
problems. In a populated country like India man-crocodile conflict situation can become a constant problem
since habitats are shared by people, crocodile and livestock. Habilats within the protected areas are also not
free from damages caused by flooding and ¢roston of nesting areas. A result of alienation of river courses
by construction of dam for irrigation, hydre-electric projeet cte. degraded the habitat quality considerably,
Added to this also the fast development of commercial [isheries on all water bodics with very little control
on the use of suitable fisking gear that are detrimental to other agualic fauna posc continuous threat to the

survival of these endangered specics.
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Captive Crocodile Rearing/Breeding Locations in India (1990)
(Location names given on the tacing page)
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Fig - 1. Captive Crocodile Rearing/Breeding location in India {1990).
(G = Gharial, M = Mugger, SWC = Sailt water Croeodlile)

Sl.No. Location Species

L Chandigarh M

2 Kurukhestra M

3 Delhi M

4, Jodhpur M

5 Jaipur M

6. Kota M, G

7. Junagarh M

3. Sasan M

9. Ahmedabad M

10. Gandhinagar M

11. Barodha M

12, Bhopal G

13. Morena M,

14, L.ucknow M, G, SWC
15. Katrenia ghat G

15. Mutla M

17. Craubiadi G

18. Ghagbatpur SWQ

19. Simtlipal M

20 Tikarpada ML

AR Nandankanan MGl SWC
22, Danngmal SWO

23, Tadoba M

24, Bombay M

25. Sholapur M

26, Warangal M

27 Hyderabad M, G, SWC
28. Nagarjuna Sagar M

29, Vishakapatnam M, G, §WC
30. Sathnur M, SWC
31, Madras M, G, SWC
32 Mudumalai M

33, Amravati M

34. Peruvanoamuzhy M

35. Neyyar M

36. CGoa M

37. Bunnaghata G

38. Hoggenakal M

39, Mysore M, G

40. Port Blair SWC
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Reintroduction Location of Indian Crocodilians (1990)
» Locations where introduced crocodilian have bred in the wild
(Location pames given on the facing page)
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Fig. 2 - Reintroduction location of Indian Crocoditinn (1990,
(G = Gharial, M = Muggar, SWC = Salt Water Crocodiic)

SL.No. Location Specics Released
1. Corbett G, M
2 Katrenia ghat G. M
3 Kukrail G, M
4. Pinahaat G, M
5. Rameshwar G, M
é. Ranthambore M
7. Kota G
8 Sivpuri M
9. Sone G
10. Ken (i
11. Kaimur M
12, Mutla %!
13. Hazanbagh M
14, Lothian SWC
15. Sunderban SW(
i6. Simlipul M
17. Hadgarh M
18, Tikarpada G, M
19, Bhitarkanika SWC
0. Tadoba S
2L Meilghat M

22, Gir Y|
23, Boriviilie %1
24, Manjira M

25, Sivaram M

26. Pakhal M
27, Kinnersani M

28, Papikonda Y]

29, Koringa SWC
30. Nagarjunsagar M

31 Bannaghala M

32 Sathnaur M
33, Krishnagiri M

3, Mudumatai t

35, Anamalai M
36. Parambikulum M

37 Neyvar M

38. Mundanthuorai M
39. Andaman (North}) SwWC
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