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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 occurred at the mecting. 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
appcarmawmtyofformatsandtypefaees. 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 Species Survival Commission.

IUCN - The Worid Conservation Union was founded in 1948, and has its headquartcrs 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 environment 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 purposc is to promote or support action which will ensure the perpetuation of wild naturc and
natural resources on a world-wide basis, not only for their intrinsic cultural or scientific 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 natural
resources in arcas where the flora and fauna are of particular importance and where the landscape is
espedally beautiful or striking, or of historical, cultural, or scientific significance. ITUCN believes that
its aims can be achieved most effectively by international effort in cooperation with other international
agencies, such as UNESCO, FAO, 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
voluntcer professionals working through more than 90 Specialist Groups and a large number of affiliate
organizations, regional representatives, and consultants, scattered through neariy every country of the
world.







SUMMARY OF THE MEETING

The 10th Working Meeting of the IUCN/SSC Crocodile Specialist Group was hosted by the
Florida Museum of Natural History, Florida Game and Fresh Water Fish Commission, Florida
Cooperative Fish and Wildlife Research Unit, American Alligator Farmers Association, St. Augustine
Alligator Farm, Florida Alligator Farmers Association, and Florida Alligator Trappers Association,
The local committee, headed by Prof. F. Wayne King, worked with great dedication to make the
arrangements and ensure the smooth running of the meeting,

The meeting took place between April 23 and April 27 at the Holiday Inn West, Gainesville,
Florida, U.S.A. This Working Meeting of the Specialist Group was by far the largest yet held with over
320 participants from 40 countries attending, A total of 80 papers were scheduled for presentation and
four workshops convened on special issues. Sixteen additional papers were proposed for inclusion in
the proceedings although they were not presented at the meeting. A total of 53 manuscripts and one
workshop report were received by the editor in time for inclusion in these published proceedings.

Sessions of papers were presented on The Status of Crocodilians, Crocodilian Management,
Farming and Ranching, and on Research. Noteworthy was the very high standard of presentations and
the very broad range of topics and participants. Rescarchers, conservationists, farmers and ranchers,
management authorities, and leather tanners and traders all exchanged views and discussed their
concerns. This diversity is reflected in these published proceedings. Workshops on the Action Plan for
Crocodilian conservation, International Trade in Crocodilian products, a booklet and directory of
farming methods and operations, and a Model Crocodilian Management Program were heavily
attended. The Working Meeting has evolved from a restricted group of specialists concerned about
conservation to a comprehensive forum for the exchange of information that will make conservation
and sustainable use of crocodilians a reality.

Following the recrganization announced in the CSG Newsletter, Volume 8, Oct - Dec 1989,
pp- 14, the Vice Chairmen and deputy Vice Chairmen are responsible for keeping the membership
and public informed of CSG decisions and activities. As a consequence a general business meeting was
not scheduled. The CSG Steering Committee met on 22 April and again 27 April 1990 to transact the
official business of the Group. The minutes of these meetings have been published separately in the
CSG Newsletter, Volume 9, April - June, 1990,

Fieldtrips were arranged during the meeting to St. Augustine Alligator Farm Crocodilian
Center at Ocala, Florida; Paynes Prairie State Preserve; and Orange Lake. Following the meeting
fieldtrips were led to Okeefenokee Wildife Refuge; Everglades National Park; and to alligator farms in
central and south Florida.
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AN INVESTIGATION OF THE ONTOGENY OF THE MULLERIAN DUCT REGRESSOR
AS WELL AS THE SENSITIVE PERIOD IN THE AMERICAN ALLIGATOR. Harrjet
B. Austin, Dept. of Zoology and Physiology, Universlty of Wyoming

The mullerian ducts regress in most male vertebrates during
embryogenesis. In mammals and birds, regression results from the
actions of the testicular glycoprotein, mullerian-inhibiting
substance (MIS). MIS is produced from the time of testicular
differentiation until sexual maturity; however, the mullerian ducts
are only capable of responding during a brief period of
development, the "senslitive period®. Unfortunately, little is
known about regression in other vertebrates, however, testicular
grafts from male hatchling alligators are able to induce normal
mullerian-duct regression when implanted in castrated female
hatchlings (Austin, 1989). Furthermore, the administration of
testosterone does not induce regression; therefore, mullerian-duct
regression in the alligator appears to be caused by some other
testicular substance, possibly an MIS~like molecule. In this
experiment, castrated female hatchiings were implanted with testis
grafts from both hatchling and yearling males to determine whether
the regressor is still produced by the testes of yearlings. In
addition, yearling females received testis implants £rom both
hatchling and yearling males to determine whether the mullerian
ducts are still capable of responding to the regressor at one year
of age. Both hatchling and yearling testes caused some regression
of the ducts indicating that the regressor is produced for an
extended period of time after hatching. 1In the yearling females,
however, the testlis grafts became hypertrophied and lost their
typical testicular morphology. Therefore, it was not possible to
determine the ontogeny of the sensitive period in the alligator.




SEX RATIO OF AFRICAN DWARF CROCODILES
(Osteolaemus tetraspis COPE, 1861)
EXPLOITED FOR FOOD IN CONGQ

Olivier BEHRA
Laboratoire des Reptiles et Amphibiens
Museum National d’'Histoire Naturclle
25 rue Cuvier, 75 005 Paris
France

INTRODUCTION

During a study on crocodiles in the Congo I found in some captured crocodiles about two
males for onc female. Was that sex ratio the same in the wild or was it due to specific hunting
techniques or other factors ?

It has been shown that the sex ratio of some crocodile populations averages 0.50 (COTT
1961). Others might differ up to 0.33 (HUTTON 1986), with a female predominance in this case ,
Beside, it has been well demonstrated that the temperature of incubation exerts an influence on the sex
determination of the hatchlings (WEBB et al. 1987).

In the wild temperature variations, and possibly other factors, might also affect the
development of embryos (HUTTON 1986). Therefore it is not easy to give a full account of the factors
influencing a sex ratio, particularly concerning a species like Osteolaemus tetraspis, the biology of which
is still very poorly known.

In view of this lack of information, the following simple observation might be of some interest
for future research on the biology of the species in Congo, especially concerning the impact of the
exploitation on the natural population.

STUDY AREA:

The two main fluvial axes where the crocodiles are usually collected for the meat trade are the
Obanguy River and the Sangha River along with the Congo River, into which the two previous ones
flow. The main collection area is alang the shores from the Qubangui and the Congo from Impfondo
(1° 38" North lat., 17° 52 East long.) to Mossaka (1° 16 South lat., 18° 2’ East long.).

The crocodiles are kept alive in small villages scattered along the shore, and brought in
pirogues aboard two large craft passing each once every fortnight during the high water season. The
boat goes to Brazzaville, the capital, where the people in possession of crocodiles sell them or eat them
within the family circle,

This study only concerned the Qubangui and the Congo Rivers from Impfondo to Mossaka in
the period between the 17th and the 19th of July. :




METHODS

With the help of two Congolese Water and Forest agents, all the crocodiles coming onboard
were first located on arrival, then measured, and sexed by manual means at the cloaca (Brazaitis 1986)
(a procedure which was easy since all animals were adults). The crocodiles were weighed with a
precision of 0.5 kg.

RESULTS

103 Osteolaemus tetraspis were counted but it was only possible to measure and sex 50 of
them. A clear predominance of males was observed, the sex ratio being 0.36 (32 males, 18 females).

The males had an average total length of 125,6 em (max. 154 cm, min. 91 cm, sd 12.91) and
an average weight of 835 kg (max. 155 kg, min. 2.5 kg, sd 2.93).

The females had an average total iength of 118.8 an (max 137 cm, min. 101 cm, sd 9.26) and
an average weight of 6.5 kg (max. 11 kg, min. 3.5 kg, sd 1.95).

10 males of the 32 measured showed injurics due to fights and had sometimes up to half of
their tail (1 specimen) or an entire leg (2 sp.) missing. The other injuries being fingers (1 sp.) and part
of the tail missing, Two females also showed injuries; one having 2 fingers missing, and the other one
half of the lower jaw.

DISCUSSION

If this sex ratio is really the same in the wild one can ask himself why?

Until more is known about the biology of Osteolaernus tetraspis, it will be very difficult to
interpret the large number of males captured along those rivers. Some Osteolaernus tetraspis
populations in central Africa do not
apparently show such sex ratio skewed toward males (BEHRA pers. obs. 1984-1986)

Even if injuries might suggest larger concentrations of males because of their supposed
aggressivity, we really don’t as yet know what the real sex ratio of this population along those rivers

might possibly be.

Some efficient hunting techniques used locally (BEHRA in prep.) are based on the aggressive
response of crocodiles in their burrows. Thercfore onc might well ask the question: is it because males
are more naturally aggressive that they are captured more easily than females?

In South America Paleosichus irigonatus is morphologically relatively close and has almost the
same habitat preference as than of Osteolaernus in Africa. So it could also be possibie that as with
Paleosuchus one male may share territory in a small stream with many females and force other males
to inhabit larger streams and rivers subject to local hunting pressure by boat (MAGNUSSON pers.
com.). Moreover, it scems there is a movement of population which usually starts at the end of June
when the water tide goes up. The crocodiles move from the main rivers into the forest and settle in
small streams. They are more easily captured in the forest and the hunting season last around 4
month, until the end of November. Does this movement of population concern both males and females
at the same time? This might be an other aspect worth studying.




CONCLUSION:

It has been estimated (BEHRA 1987) that during the annual four months of cxploitation along
the Oubangui, Sangha and Congo, about 3500 Osteolaemus tetraspis were brought on the market for
food. There is no doubt that there is an increase in the demand for Osteolaermus meat (BEHRA 1988),
So even if we consider that the killing of males is usnally of less importance than the Killing of females
in a crocodile population, it could be of great interest to study these populations as quickly as possible.
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IMPACT QOF LEGAL PROTECTION
ON CROCODILES IN MADAGASCAR

O.BEHRA
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Introduction;

At the beginning of the century crocodiles (Crocodyius niloticus) were considered vermin in
Madagascar. Their commercial exploitation in the 1950’s was considerable. The first conservation
measure has been international in 1975 and amended in 1985 and 1988. It’s interesting to notc the
impact these measures had on effective conservation of the crocodiles.

Methods:

The legal text published since the end of the 19th century have been reviewed. To determine
their impact on the crocodiie populations, the historical evolution of these populations has been
analyzed. This has been done from old published papers, custom data on exportation, discussions with
people with relevant knowledge, and finally from analyses of the current situation in the field.

Results and discussion:

During colonial rule crocodiles were considered vermin and at the end of the 19th century
the French authorities offcred a bounty for the destruction of crocodiles and their eggs. Far more eggs
were collected than the authorities could afford paying bounty on and the system was discontinued.
Commercial exploitation started in the 1920’s. Exploitation reached a peak in the late 1940’s but
continued well into the 1970°s. During this period the Malagasy Government formalized the status of
the crocodile as vermin in the legislation in 1961,

By 1970 exploitation had such an impact than offtakes from the wild were less than 1% of the
levels in the late forties. In 1975 Madagascar ratified the Washington Convention (CITES), which
considered the nile crocodile (Crocodyius niloticus) as threatened and, consequently prohibited
specimens in world trade.

However the animals status remained unaltered within Madagascar. Oral evidence strongly
suggest that populations quickly recovered from 1975, By 1985 populations were thriving though far
from their level in earlier times but enough to pose real problems to human populations. Here we note
that the fact that guns and hooks were not obtainable at that time certainly played no small part in this
increase.




In 1985 Madagascar was allowed by CITES a quota of 1000 skins for export. Betweea 1986
and 1989 the number of animals actuaily killed exceeded the original quota by more than five times.
The quota carried no size restriction and large number of reproductive animals were killed to the
detriment of the wild population. In 1988 the internal legislation was altered to give the crocodile a
degree of protection as a game animal. However these steps inadequate to satisfy the parties to CITES
and at the 1990 mecting no further wild quota was allowed.

During both periods that crocodile exploitation was aloud in Madagascar, crocodiles have
been overharvested and seriously depleted. The obvious inference is that commercial exploitation for
export of skins should be avoided in order to conserve crocodiles. But this is oversimplistic and might
even be counterproductive. Even if no exports are allowed their exists a lively local market that has
expanded since 1987 and which would ensure the continuation of exploitation. Even with a determined
Wildlife Department this local market is very difficuit to control and it is unlikely that the local trade
could be stopped. In any case local people still consider that crocodiles should be exterminated
because even though crocodile populations have declined, human populations have dramatically
increased and conflicts remain at a high level

While humans and their livestock are being killed by crocodiles, it is not possible to ask them
to live with the animai because of his ecological or esthetic value! The Wildlife Department because of
lack of material resources is hard pressed even to manage National Parks, where there are in any case
few crocodiles. So obviously legal protection will not stop the people breaking crocodile’s eggs and
trying as hard as possible to kill all the crocodiles. Even in retired areas where they might not be able
to kill big animals, the increasing use of sand banks along water edge by fishermen or rice cultivators
will drive breeding females away from good nesting sites.

Interviews with people who have had relatives killed by crocodiles and who have petition the
government to exterminate them, have indicated quite clearly that they would be more tolerant if they
could benefit economically from wild crocodiles.

While continuing to discourage the killing of wild animals people can be given an interest in
preserving crocodiles through the capture of problem animals and the collection of eggs for ranching.




TILETAMINE-ZOLACEPAM-ACEPROMAZINE-ANAESTHESIA IN CROCO-

DYLUS NILOTICUS WITH REGARD TO THE RESPIRATORY AND CARDIO-

VASCULAR SYSTEMS

* * % x *
K.H. Bonath , R.D. Haller , J. Bonath , D. Amelang

*

Chirurgische Veterindrklinik der Justus-Liebig-
Universitdt, Frankfurter Str. 108, 6300 GieRen,
Federal Republic of Germany

**Baobab Farm Ltd, PO-Box 81995, Mombasa Kenya

25 ranched crocodiles (crocodylus niloticus; body weight
2 - 40,5 kg, M Y so 10,6 t 8,8 kg) of the Baobab-Farm in
Mombasa, Kenya were anaesthetized with a combination of the
anaesthetics tiletamine-zolacepam (ZoletilR, 5 - 10 mg/kg
bodyweight) and acepromazine (VetranquiIR, 1 mg/kg body-
weight). The injection was performed IM at the base of the
tail using a blowpipe. To accelerate the muscular resorp-
tion 50 I.U. of hyaluronidase per animal were added to the
injection. The investigations were carried out in August
1989 at an environmental temperature between 25,7 ¥ 2,9°¢

(22,2 - 31,9°C).

The quality of anaesthesia was checked using muscular
relaxation, righting reflex (tolerance of dorsal recum-
bancy), biting activity, avoiding reactions {(after painful
stimulation of the toes, nail bed or interdigital tissues)
palpebral and corneal reflexes (figure). It was found that
whereas 5 - 6 mg tiletamine-zolacepam lead to a moderate,
7,5 mg cause a moderate to deep and 10 mg/kg b.w. a deep

sedation.

Table shows the effects of 7.5 resp. 10 mg tiletamine-
zolacepam on cardiovascular and respiratory parameters of
a selected number of animals. The significanmt changes of
the cardiovascular and respiratory functions have only




minimal importance from a medical point of view. The in-
creased heart rate is due to the specific pharmacological
influence of tiletamine-zolazepam, which has a positively
inotropic effect on the contractility of the heart
muscle; furthermore heart rate is increased by the rise
in environmental temperature. The significant depression
of respiratory rate is a typical consequence of anaesthe-
sia, but clinicaly relevant only in animal patients with
respiratory or circulatory diseases and/or if combined
with & drastic reduction of the oxygen saturation over a
longer period of time. The electrocardiograms performed on
3 animals of every dosage-group showed no indication of
changes due to anaesthesia.

Metabolism and excretion of the anaesthetics are only
possible in an optimal way in the environmental tempera-
tures prefered by the crocodile (Bonath 1977, 1979). The
animals should therefore be kept at a temperature between
29 and 31 degrees centigrade during anaesthesia recovery.
During anaesthesia, the environmental temperature must
never be lower than 26 degrees; in this case, the eli-
mination of the anaesthetics is limited in the crocodile,
so that anaesthesia is prolonged unnecessarily and the
danger of death during anaesthesia exists.

Reflexfunction is impaired considerably or not existent.
Changes in respiratory and cardiovascular functions do
not have clinical consequences in healthy crocodiles. This
means that a tiletamine-zolacepam-acepromazine anaesthesia
permits the safe execution of farmtechnical treatments and
animal husbandry for man and animals as well as smaller
painful veterinary procedures. It can be used as a pre-
medication for more painful surgical procedures which can
be supplemented with local anaesthesia or intubation and
inhalation anaesthesia.




7,5 mg tiletamine-zolazepam + 1 mg acepromazine/kg b.w.

0 60 120 180 min.post.inj.
HE 40,7t 9.9(3) 45,2 ¥ 6,8(9) 49,3 % 4%9) 52,1 %5,1(8)
+
AF 8,1 t28(8) 7 *3.809) s5.4%f2177 a8?t23%es)
{ .
%0, 78,9 Yoty 69,7 Fg,8(9) 77,7 ¥ 11,1(9) 79,9 T 7,5(9)
BT 25,4 % 1.3 27.2% 1.5 27,5 ¥ 2.0 28,6 ¥ 2,7

10 mg tiletamine-zolazepam + ! mg acepromazine/kg b.w.{8)

HF 42 Yt 2.6 46,3 ¥ 3,6 46,8 ¥ 9,8 48,1 ¥ 9,2

AF 6,4 £2,2 5 2,1 3,9%t2,3° 53256

%0, 78,5%1,9 79,1 ¥ 6,1 78 t 3,5 80,1 ¥ 4,5

BT  25,3%0,4 26,5 ¥ 0,7 27,1 % 0,8 27,9 ¥ 0,7

T;ble: Influence of tiletamine-zolatepam/acepromazine
anaesthesia on heart- (HR), respiratory rate (RR)
per minute and oxygene saturation of the blood
(%02) of crocodylus niloticus. °C BT = °C body
temperature. In parenthesis number of animals.
Min post inj. = minutes after injection.Student's
t-test for independent samples: * = 'significance
< 0,05, ** = significance < 0,01

Figure: Quality of tiletamine-zolazepam/acepromazine-an-

aesthesia (10/1,0 mg/kg b.w.) in crocodylus ni-
loticus, judged by muscle relaxation, reflexes
and biting activities.

{(+) = biting activity, reflex unchanged

{+) = muscle tension, reflexes, biting activities
partly reduced

= severely reduced

= no muscle tension or biting activities
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THE INFLUENCE OF GALLAMINE ON IMMOBILISATION, CARDIOVAS-
CULAR AND RESPIRATORY PARAMETERS QF CROCODYLUS NILOTICUS

* * * * *
K.H. Bonath , I. Bonath , R.D. Haller , D. Amelang

*
Chirurgische Veterindrklinik der Justus-Liebig-
Universitdt, Frankfurter Str. 108, 6300 GiefRen,
Federal Republic of Germany

**Baobab Farm Ltd, PO-Box 81995, Mombasa Kenya

14 Crocodylus niloticus (body weight 27 to 58,5 kg, M :
SD = 35,6 ¥ 8,6 kg; 11 male, 3 female) living in pens and
under free range conditions on the Baobab-Farm, Mombasa,
Kenya, were immobilised with 0,5 - 0,6 mg/kg b.w. of the
neuromuscular blocking agent gallamine trithiodide IM in
the base of the tail, using a blowpipe. To accelerate the
muscular resorption, 50 I.U. hyaluronidase per animal were
added to the injection.

The possibilities for safe handling of the animals were
judged according to the duration of immobilisation, muscle
relaxation and biting activity. The muscle relaxation was
achieved after 15 to 30 minutes, with individual diffe-
rences, and had a duration of 90 to 295 minutes, excep-
tionally up to 450 minutes. During the examination period,
spontaneous or occasional sluggish weak movements due to
experimental minipulations were seen. Biting activity
ceased 8 to 15 minutes after the injection and was absent
for the duration of muscle relaxation.

In selected animals the influence of gallamine on cardio-
vascular and respiratory functions was studied (table).
Heart rate, respiratory rate, and oxygen saturation
demonstrate, that the influence of the immobilisation with
gallamine on the vital functions of crocodylus niloticus
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is negligible from a veterinary point of view. The res-
piratory rate was significantly depressed, but this is a
reaction which can be attributed to gallamine as the mus-
cles used in respiration are also subject to the neuro-
muscular blocking. However, the oxygen saturation was
not influenced; the reasons for this phenomenon have not yet
been found. The respiratory specialities of a species
adapted to longer diving, as well as changes in the meta-
bolism in crocodiles immobilised with gallamine leading
to a decrease of the need for oxygen have been suggested.

0 20 - 40 50 - 70 80-100 min.post. ing
HR 32,7 ¥ 8,6(9) 32,9t 6,6(8) 31,2%7.4011)
RR 3,9 1,3(7) 2.1t 00" 1,61 2.6t 1,2(7)
%0, 76,3 X 15(31) 75,9 ¥ 10,2(7) 79,8 I 6(8) 78,4 % 4,9(9)
BT 25,9 ¥ 0,7 27,1 ¥ 1,6 26,3 % 1,4

Table: Influence of gallamine on heart-(HR), respiratory
rate (RR) per minute and oxygene saturation of the blood
(%02) of crocodylus niloticus. BT = °C body temperature.
In parenthesis number of animals. Min. post. inj. = minu-
tes after injection. Student's t-test for independent sam-
ples, * = significance < 0,05, ** - sjignificance < 0,01,
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ABSTRACT

Nineteen young American alligators (Alligator mississippiensis) were

successfully maintained for a period of 40 months following hatching, on a diet
consisting exclusively of a commercially prepared dry formulated ration. This ration
was formulated to contain a minimum of 45.0% crude protein, a minimum of 8.0% of
crude fat and a maximum of 2.5% crude fiber and was readily accepted by the
alligators after being mixed with an equal weight of water to form a thick pasty
pelleted crumble. Growth rate of body weight of the ration-fed alligators did not
differ significantly from that reported for captive alligators fed on standard diets of
meat and fish, even though the ration-fed alligators were raised under less than
ideal conditions. As the alligators became larger, feed wastage increased as a result
of trampling of uneaten food. An important area for further research would be the
development of less wasteful methods of delivering such formulated rations to larger
animals. It should now be possible however to raise alligators on a diet consisting
exclusively of a dry formulated ration which will be readily acce pted by the animals
and which will maintain them in a general state of good health, over a length of time

sufficient to attain market size.
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INTRODUCTION

Increased interests in the commercial farming/ranching of crocodilians have
resulted in many advances in techniques for the maintenance and rearing of these
animals in captivity. An important component of this technology has been advances
in the area of nutrition and particularly the development of dry formulated rations
for use in the feeding of captives. As has been pointed-out in previous studies (Staton
and Edwards, 1987; Staton, 1988; Staton et al., 1989; Staton et al., in press a, b, ¢, d),
such formulated rations offer many advantages to the commercial farmer/rancher.
These advantages over standard diets of meat or fish include greater convenience,
reduced storage and handling costs and particularly a greater ability to control the
nature and amounts of important dietary constituents such as protein, fats, vitamins
and various trace nutrients. To date however, most all of the studies describing the
performance of crocodilians fed these rations have dealt with animals of a very
young age - usually less than one year. (Staton, 1988; Staton et al., 1989; Staton et
al,,in pressa,b, ¢, d).

This report describes the successful maintenance of a group of American
alligators (Alligator mississippiensis) on a diet consisting exclusively of a dry
formulated ration, for a period of 40 months following hatching. This time period is
of a length that would approximate or exceed that which would be required by most
commercial farming operations to raise alligators to a marketable size and also
extends across the important age at which a growing wild juvenile alligator would

normally make a transition from an insect/invertebrate diet, to one consisting

mostly of larger vertebrate prey (Coulson and Hernandez, 1983).
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MATERIALS AND METHODS

The alligators used in this study were the same individuals which had been
used as hatchlings in previously published studies of growth performance under
various dietary regimes of dry formulated rations (Staton, 1988; Staton et al.,in
pressb, ¢, d). In the present study no attempt was made to differentiate between the
different dietary treatments to which individual alligators had been exposed during
these earlier feeding trials. Most of these earlier trials were of a relatively brief
duration (usually 10-20 weeks) relative to the length of the study reported here, and
a number of the individuals were used in more than one feeding trial and were thus
exposed to a variety of controlled variations in dietary composition during this
period.

The alligators used in this study were hatched from wild-laid eggs from
Louisiana. Further details concerning the program from which these alligators were
produced have been provided by Joanen and McNease (1977). Additional
information concerning the conditions under which the alligators were housed and
raised during their first year have also been provided elsewhere (Staton, 1988).
Several weeks after conclusion of the final formal feeding trial, 20 alli gators were
transferred to the Aquatic Animal Housing Facility of the Savannah River Ecology
Laboratory (SREL) where they were housed for the duration of this study. One of
these animals was later euthanized following injuries suffered during an aggressive
encounter with one of its larger pen-mates. No data from this individual have been
included in the growth analyses reported here.

- While at the SREL, alligators were housed in tanks of 5, 5 and 10 animals each,
with an attempt being made to house individuals of similar size together in order to
minimize the consequences of aggressive encounters during feeding. The holding

tanks provided floor space of 1.5 m?/individual. Water depths ranged from 0.23-0.31
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m, and varied according to the size of the alligators. Tanks were equipped with
‘wooden basking platforms occupying between 8-28% of the floor surface areas.

Each tank was provided with a continual flow of partially preheated water,
with water temperatures which varied seasonally between 22.0-28.3 °C throughout
the study. Air temperatures also varied seasonally as a result of an inability to
completely heat or cool the building in which the animals were housed, especially
during the first year after the alligators arrived at the SREL. During this period air
temperatures were occasionally as high as 50°C and as low as 10°C in the building
depending on the season. During the last 19 months of the present study, improved
temperature controls in the SREL housing facility reduted vari ability in air
temperatures to a range of about 18-37°C throughout the year. Translucent roofing
of the housing facility exposed all alligators to seasonally-varying photoperiods
typical of the latitude of Aiken, South Carolina.

Throughout their 31-month maintenance at the SREL, alligators were
maintained exclusively on a dry formulated commercial alli gator ration (Burris
Feed Mills, Franklinton, Louisiana) which, according to the manufacturer’s
specifications, contained a minimum of 45.0% crude protein, a minimum of 8.0%
crude fat and a maximum of 2.5% crude fiber. Ingredients, also according to the
manufacturer’s specifications, included fish meal, blood meal, corn gluten meal,
hydrolyzed feather meal, dehulled soybean meal, ground corn, wheat middlings,
stabilized animal fat, salt, caleium carbonate, vitamin A supplement, D-activated
animal sterol, vitamin B-12 supplement, vitamin E supplement, Riboflavin
supplement, choline chloride, niacin, ealcium pantothenate, vitamin B-6
supplement, ascorbic acid, biotin, menadione sodium bisulfite, scdium selenite,
ferous sulfate, zinc oxide, copper sulfate, manganous oxide and calcium iodate. This
dry feed was mixed with an equal weight of water to produce a thick pasty pelleted
crumble. At the SREL, alligators were offered this food every 3-4 days (twice a week)
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throughout the warmer months in 1987 and 1988 until, with declining photoperiod
and cooler air temperatures, the alligators stopped feeding. In 1989, feeding
frequencies were decreased to once every 7-10 days. Feeding activity generally
ceased between September-November and resumed again between February-March
each year, as air temperatures warmed the following spring

Moistened food was presented in a flat tray which was placed on the basking
platform in the mid-late afternoon, and left overnight, although alligators usually
emerged and began feeding almost immediately. Amounts of feed offered were
adjusted as the alligators grew, to insure that an excess of feed would still be
available the next morning after the animals had stopped feeding. As will be
discussed later however, by the time that feeding activity ceased, much of the
uneaten feed had been packed-down into the tray as a result of the alligators
crawling over the feed and pressing it down with their bodies. The feed was broken-
up with tongs the following morning and some subsequent feeding resumed on this
crumbled feed. Eventually however, this rebroken feed became hard and dried and
was no longer accepted by the alligators. As a result, some of this remaining feed
may not have actually been available to the animals and amounts of feed offered
were therefore increased in an effort to minimize this possibility.

Alligators were weighed and measured during the period that they were used
in earlier feeding trials according to the schedules and procedures described by
Staton (1988) and Staton .et al. (in press, b, ¢, d). After their arrival at the SREL,
alligators were weighed approximately 5 times between October-December, 1987
and 3 times at 1-4 month intervals between January-July 1988. Beginning in July
1988, both weights and total body lengths were recorded at approximately 8-month
intervals through January, 1990. At the SREL, body weights were recorded to the
nearest (.1 kg with a hanging spring scale, and total body lengths were measured
from the tip of the snout to the tip of the tail to the nearest 0.1 em. Data for growth in
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body weight were only available in sufficient quantity for quantitative analysis for
11 individuals. Body length data from the first month after hatching were only
available for 7 individuals, and this together with a lack of body length data between
1-2 years of age, resulted in body length being presented and compared with
published literature values in only a qualitative fashion.

Growth in body weight was analyzed by standard regression analyses (PROC
REG) of SAS (1985). Regression statistics were used to evaluate the fit of data to
linear, quadratic, In (weight) and In (age)/In (weight) models. After selecting the
most appropriate model, the growth of the ration-fed alligators was compared to that
of other captive alligators raised on standard diets - usually consisting of meat
and/or fish. The latter data was taken from that summarized by Brisbin (in press)
and includes data from the following sources: Arthur (1928), Ditmars (1936), Bothe
(1948), Brandt (1948), Palmer (1952), Dowling and Brazaitis (19686), Coulson et al.
(1973) and (Joanen et al. (1981). No differences due to sex were considered in any of
these analyses. Once the most appropriate regression model had been selected, the
PROC GLM analysis of SAS (1985) was used to compare growth rates of the dietary
treatment groups, using the F-value for the interaction of the treatment class x the

independent variable (age).

RESULTS

The results of regression analyses of data for growth in body weight by the
alligators maintained on the dry formulated ration are presented in Table 1 and
Figure 1, and growth in total body length of the same alligators is presented in
Figure 2, in comparison to published data for captive alligators raised on standard
diets of meat and/or fish. The In (weight)/In (age) model was selected as the most
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appropriate to analyze for growth in body weight, with this selection being made on
the basis of R? values (Table 1) and examinations of the magnitudes and patterns of
residuals. Using this model, there was no significant difference in the rate of growth
in body weight of the alligators raised on the formulated ration for 40 months, vs.
that of alligators reported in the literature as being raised on standard diets of meat
or fish for the same period of time (F=1.12; df=1,170; P=0.29).

With the exception of the single alligator which was euthanized as a result of
injuries incurred during a fight as noted above, no mortality was observed during
this study, and all 19 individuals remained in a state of general good health and
vigor at the end of the 40-month study period. With the exception of the colder
winter months when all alligators ceased feeding as temperatures declined in the
housing facility, acceptance of the formulated ration, prepared and presented as
described above, was excellent.

When eating the prepared ration, alligators often initially swallowed the first
mouthfuls of food on the basking platform while at the feeding tray. As the feeding
bout continued however, later mouthfuls of food would be chewed and swallowed
after returning to the water, This resulted in considerable waste and fouling of the
water as the feed tended to break-apart and disperse into the water as a result of the
chewing action. In addition, feed on the basking platform tended to be packed flat as
time progressed, by the action of the alligators crawling back and forth over the
feeding tray as they left and reentered the water. Although the alli gators showed
considerable skill in using sideways bites with their jaws to pick-up even single
pellets of the feed (which were of cylindrical form, measuring approximately 1.2 em
in diameter x 2.0 cm in length), once the feed was no longer in a pelleted form and
had been packed flat into the feeding tray, it seemed to become unavailable to them -
agair resulting in wastage, which was minimized to some extent by breaking-up the

packed-down feed with tongs the following morning, as described above.
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In addition to the 40-month-old alligators described above, the same dry
formulated ration, after being similarly prepared and presented, was also readily
accepted by a larger alligator which was housed in a separate tank in the same
housing facility at the SREL. This larger alligator, which had been used in a variety
of other studies unrelated to the work reported here, had previously been maintained
on adiet of meat and fish. Starting in February 1989 however, this larger alligator
was fed exclusively on the dry commercial ration. After 14 months on this ration,
this alligator weighed 28 kg and measured 1.85 m in total length. The weight/length
relationship of this alligator was similar (within 1.6 kg/m) to that which would have
been predicted by a regression relationship presented by Coulson et al. (1973) for
alligators of this size which were fed marine fish and were considered by these
authors {o be in a "well-nourished state.” This suggests that the dry ration provided
an adequate diet even for an alligator of this size. When feeding on the prepared
ration, this larger alligator showed similar behavior to that described above for the
smaller animals. Even this larger alligator was able to pick-up the pellets offered,

albeit with some difficulty, by again using a sideways action of the jaws.

DISCUSSION

The conditions under which the alligators used in this study were maintained
were, in many respects, much less than ideal in comparison to those currently known
to promote mazimum growth under captive conditions (e.g. Joanen et al., 1981).

This was particularly true with regard to the inability to maintain optimal air and
water temperatures in the housing facility during much of the study - resulting in
the alligators ceasing to feed during the colder months. Nevertheless, none of these

deficiencies prevented the alligators maintained on the dry formulated ration from
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growing in body weight at the same rate as captive alligators fed standard diets of
meat or fish. Alligators maintained on the formulated ration remained in a general
state of vigor and good health for 40 months following hatching - a period of time
that would, under most current conditions of crocodilian husbandry, be sufficient to
produce animals of marketable size. Moreover, the less than adequate conditions
under which the alligators were raised in this study would argue strongly that the
growth rates observed for these animals should be considered minimal as compared
to those which could probably be produced under more ideal housing conditions -
particularly with regard to more adequate control of air and water temperatures.

The feeding behavior of the alligators used in this study resulted in two major
sources of feed wastage: (1) dispersal of feed into the water as a result of the
alligators returning to the water to chew and swallow, and (2) packing the moistened
feed flat into the feeding tray as a result of the alligators crawling over it as they left
and reentered the water. Both of these sources of wastage could probably be
significantly reduced if some form of water-resistant binder could be incorporated
into the ration and/or if the feed could be extruded into some form of digestible casing
material such as that used in the production of sausage. These would seem to be
fruitful areas for future research and technology development in this field.

Recently, D. H. Burris (pers. comm.) provided unpublished data suggesting
that American alligators on certain farms in Louisiana were showing growth rates of
2.5 cm/week and feed/gain weight conversion ratios of 2.2:1, while also being raised
on a diet composed exclusively of a dry formulated ration containing 45% protein.
When combined with the results of the present study, these findings suggest that the

technology is now currently available to economically raise such alligators to market

size while feeding nothing other than a dry commercially-prepared ration.
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Table 1. Regression statistics for growth in body weight by American alligators fed a
dry formulated ration for 40 months following hatching, as compared to growth over
a comparable period of time for captive alligators fed conventional meat and/or fish

diets.!

Growth Intercept (g) Slope (g/day) R2

Model2 Formulated Meat Formulated Meat Formulated Meat

Diet Diet Diet Diet Diet Diet

Linear 50.0° 50.0° 3.69 114 0.743 0.364

Ln (weight) 5.42 4,66 0.00324 0.00472 0.698 0.717

Ln (weight/ 0.570 1.83 1.099 0.986 0.877 0.601
Ln (age)

Quadratic 50.08 50.03 3.794 -6.424 0.743 0.475

-0.00013% 0.0201°

‘Data set from that compiled from the literature by Brisbin (in press) for captive alligators.
*Growth models expressed in the form: weight=f (age).
*Intercept constrained to a hatching weight of 50g.
*Coefficient, for (age).

* Coefficient for (age)®.
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Figurel. Growth in body weight of American alligators raised for 40 months
following hatching, on a dry formulated ration, (open diamonds), vs.
comparable growth data taken from the literature by Brisbin (in press)
for captive alligators raised on standard diets of meat and fish (open

squares).
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Figure2. Total body lengths of American alligators raised for 40 months following
hatching, on a dry formulated ration (open diamonds), vs. a regression
for the fit of a Richards growth model to data (N =72) for captive
alligators raised on standard diets of meat and fish. Data and Richards

regression coefficients for the latter were taken from Brisbin (in press).
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POPULATION SIZE, COMPOSITION, AND RECRUITMENT OF AMERICAN
ALLIGATORS IN FRESHWATER MARSH

Dwayne A. Carbomnmeau and Robert H. Chabreck
School of Forestry, Wildlife, and Fisheries
Louisiana State University Agricultural Center
Baton Rouge, LA 70803 USsa

Abstract.--Aerial surveys of alligator nests on Lacassine
National Wildlife Refuge, Louisiana indicated that there were 1332
and 744 nests on the refuge in 1986 and 1987, respectively. A
sample of 47 nests was examined in 1986 and 63 nests were examined
in 1987. The mean clutch size was 32.9 eggs., High water in 1987
resulted in the loss of 4.8% of the eggs. The mean number of
hatchlings per nest was 31.5. Adult alligators comprised 26.7% of
the alligator population on the refuge. The sex ratio of adult
alligators was 2.3:1.0 (maleg to females). The estimated
alligator population on the refuge in 1986 was 7,918 buc in 1987
it was estimated at 17,743. We estimated that 83.6% of the
hatchlings were lost before they reached 1 year of age.

The decline, protection, and recovery of the American
alligator (Alligator mississippiensis) has raised much public and
scientific interest. Much of what is now known about this species
has been learned since the 1950's. Research in Louisiana has been
conducted on aspects of nesting biclogy (Joanen and McNease 1979)
and nesting ecology (Joanen 1969). Those data were largely
derived from alligator populatioms in intermediate {ca & ppt
salinity) and brackish (ca 8 ppt salinity) coastal marshes.
However, such data serve as parameters in population models that
are projected on a statewide basis (Nichols et al. 1976:6, Taylor
and Neal 1984), Freshwater marsh constitutes 30.8% of Louisiana's
coastal marsh area (Chabreck 1970:37) and harbors an estimated J4g
of the state’'s alligator population (McNease and Joanen 1978).
However, no information is available on the productivity of
alligators in this habitat. The objective of this study was to
estimate the size, composition, and recruitment of an alligator
population in a freshwater marsh.

The authors are grateful for the assistance of the U. S. Fish
and Wildlife Service and the Louisiana Department of Wildlife and
Fisheries in conducting the investigation.

DESCRIPTION OF STUDY AREA

The study was conducted on the 12,869-ha Lacassine National
Wildlife Refuge (NWR) in southwestern Louisiana. The refuge
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contains a 6,478-ha freshwater impoundment that is permanently
flooded and referred to as Lacassine Pool. A 941-ha intensive
study area was established in Lacassine Pool. The intensive study
area was divided into 3 gections: north (320-ha), middle
(356-ha), and south (265-ha).

Selective commercial harvesting of alligators was conducted
on the Refuge during the study and was resumed in 1983 after 32
years of protection (Brown and Yakupzack 1983:27). In that
interim, the population greatly increased and served as an
important source of animals for restocking within Louisiana and
elsewhere,

Precipitation constitutes the only source of water stored in
Lacassine Pool. The refuge receives approximately 144 cm of
rainfall annually, and excess water in Lacassine Pool is allowed
to escape over three spillways located along the eastern, western,
and northern levees,

Lacassine NWR lies within the Mermentau Basin, a man-made
reservoir for storage of irrigation water. Much of the water used
for rice field irrigation in southwestern Louisiana is drawn from
the Mermentau Basin, and this use causes wide variation in water
levels outside of Lacassine Pool. The greater depth and
controlled level of water in the pool, compared to the surrounding
marsh on the refuge outside the pool, affords a wider range of
envirommental conditions inside the pool. Vegetation is denser
‘outside the pool because the periodic drawdown enhances growth of
emergent plants.

METHODS

Nest Surveys

Alligator nests were counted from fixed-wing aircraft on 24
June 1986 and 10 July 1987. Surveys were flown in a Cessna 172
aireraft with a pilot and two observers. The plane was flown at a
speed of 150 km/hr and a height of 50 m along north-south
transects 0.8 km apart. In boeth flights observer 1 sat on the
right side of the alrplane next te the pilot and helped navigate,
and observer 2 sat on the left side of the aircraft behind the
pilet. The seating arrangement for the observers was kept
constant. All tramsects were flown between 0900 and 1600 hrs. to
reduce potential problems of differentiating alligater nests from
muskrat (Ondatra ziberthicus) lodges and overlooking nests
completely during adverse light conditions.

All transects were 200 m wide and strip width delineation was
achieved by placing tape markers on the windows of the aircraft to




define the outer boundaries of strips 100 m wide on each side.
These strips were calibrated by flying, at an altitude of 50 m,
over a 200 m wide transect marked on the ground (Roberts 1986:14).
Navigation to transect endpoints was aided through the use of
LORAN C navigational equipment. Endpoint coordinates were taken
from the same maps (1:24,000 scale) used for transect selection,
Map distortion of the latitudinal scale was corrected by
ground-truthing along marked section lines.

An attempt was made to locate all the nests in the intensive
study area, and each nest location was marked with a numbered
metal pole. Eggs were removed to determine their condition and
the number present. Care was taken not to rotate the eggs or
position them differently from the way they occurred in the nest.
Beginning on 22 August 1986, the marked nests were visited weekly
to determine hatching success.

On 20 July 1987, all alligator nests were again located and
marked on the intensive study area by the method previously
described. The nests were visited in late August, prior to
hatching, and the eggs were examined to determine their condition.
Eggs were classified as fertile, killed by flooding, or faulty.

Po atlo ize, Composition and Recruitment

The number of alligators in the study area was computed by
the method developed by Chabreck (1967). The Chabreck method uses
a formula that requires information on the number of alligator
nests in the area plus information on 3 other factors. The first
factor is the percentage of adult alligators (animals 1.8 m and
longer) in the population. This was determined from night count
data ccllected in accordance with Chabreck (1967). 1In 1973, 3
night count transects (each 4.8 km long) were established in
Lacassine Pool and 3 additional transects were established outside
the pool. The lines were surveyed annually by refuge personnel,
and the total distance surveyed was 23.3 km.

The second factor required for the formula is the percentage
of adult females in the population. This information was
determined from alligator harvest data from the refuge. The third
factor is the percentage of adult females nesting. Data for this
factor were derived from Chabreck (1967), Joanen and McNease
(1978), and Kinler et al (1987:17).

Recruitment was determined from the data gathered on the
number of nesting females, the proportion of nests producing
young, and observed embryonic mortality.




RESULTS AND DISCUSSICN

Population Size

The number of alligators in the pre-hatching population on
Lacassine NWR was estimated using the procedure developed by
Chabreck (1967).

Percent Adult Alligators in the Population. During night

counts on Lacassine NWR, alligators observed were listed by size
classes; and from 1973-1986 (excluding 1978), 684 alligators were
observed in Lacassine Pool and 1,235 were observed outside the
pool. In Lacassine Pool, 28.8% of the alligators were adults and
outside the pool adults represented 25.5% of the population. The
combined results from night counts in both areas indicate that
adults comprised 26.7% of the alligator population on Lacassine
NWR. Chabreck (1967) reported that 15.8% of the alligators in a
sample on Rockefeller Refuge were adults. Wilkinson (1985:100)
found adults comprised 26.3% of a sample in South Carolina. 4
variety of techniques were used by Wilkinson (1985:99) to obtain
his adult to juvenile ratio because he felt that night counts
alone might result in an under representation of small alligators.

Woodward and Marion (1978) reported that all alligator size
classes were readily observed in late May and early June and that
night counts should be made at that time. Night counts at
Lacassine NWR were usually conducted in late June, after the
females had started nesting, and may have resulted in an under
representation of adult alligators. Homogeneity of habitat on
Lacassine NWR probably increased the accuracy of the counts.

Adult Sex Ratio. The adult sex ratio among alligators on
Lacassine NWR, as determined from 1983-1986 harvest data, was 2.4
males:1.0 female (29.4% females). Other studies have indicated a
gurplus of adult males in the population. Chabreck (1967)
reported a sex ratio of 1.55:1.0 and Wilkinson (1985:99) reported
a 1.5:1.0 gex ratio. Hines et al. (1968) observed a 4.0:1.0 sex
ratio, which they felt was possibly biased by incorrectly sexing
some small alligators and by capturing alligators mainly in
canals, which was selective to males. Hines et al. (1968) alseo
stated that more recent captures indicated a 1.9:1.0 sex ratio.
It was not clear if Hines et al. (1968) included immature
alligators in their later sample. A 1.2:1.0 sex ratio was
reported by Bara (1972). Alligators harvested during spring,
summer and fall on Marsh Island in Louisiana brackish marsh
(Kinler et al. 1987:1353) indicated an adult sex ratio of 1.3:1.0.




Percent of Adult Females Nesting. In a study on Sabine

Refuge in 1964, Walters and Ivy found evidence that 68.1% of the
adult females had laid (Chabreck 1967). In another report from
coastal Louisiana, Joanen and McNease (1978) reported that 63% of
the adult females were productive; however, Kinler et al.
(1987:17) reported an annual nesting rate of only 29.8%. More
information is needed concerning the percentage of adult female
alligators that nest annually on Lacassine NWR. Using an average
of the values reported for alligators elsewhere in Louisiana
(Chabreck 1967, Joanen and McNease 1978, and Kinler et al,
1987:17), we assumed that 53.6% of the adult females nested
annually.

Wilkinson (1985:96) states that stress induced by drought, high
salinities, and prolonged cool temperatures in the spring probably
reduce nesting in South Carolina. Only 50% of adult wild-caught
captive females nested each year on Rockefeller Refuge (Joanen and
McNease 1980).

Computation of Population Size. Population and nest data can

be convered to prehatching population numbers by using the
following formula (Chabreck 1967):

P = N/AFE

where, P = Total alligator population in the area

Total number of alligator nests on the area
Percent of adult alligators in the population
Percent of adult females among adult alligators
Percent of adult females nesting

1
1

To calculate population estimates for Lacassine NWR, the
population attributes from this study were inserted into the
formula as follows: total number of alligator nests (N)
extrapolated for the entire refuge in 1986 was 332, calculated
proportion of adults in the population (A) was 0.267, proportion
of adult females (F) was 0.293, and (E) the annual average
proportion of females that nested was 0.536. From these
calculations the total population on Lacassine NWR in 1986 was
7,918 alligators. Average density was 1 alligator/1.63 ha with 1
nest/24 alligators in the population. The 1986 population in
Lacassine Pool (A - 28.8%) was 6,626 alligators. Average
densities were 1 alligator/0.98 ha with 1 nest/22 alligators in
the population.

In 1987 the total number of nests on Lacassine NWR was 744.
Using the same values for ‘A’, 'F' and 'E’ the total alligator




population on Lacassine NWR was estimated to be 17,743. Average
densities were 1 alligator/0.73 ha with 1 nest/24 alligators in
the population. The 1987 population in Lacassine pool (A = 28.8%)
was 15,549 alligators, and average densities were 1 alligator/0.42
ha with 1 nest/22 alligators in the population.

The sex ratio data from Lacassine NWR was obtained by
examining alligators harvested in the fall; however, Kinler et al.
(1987:17) demonstrated that the method produced a biased sex ratio
because fewer adult females are harvested at that time. Also,
information on the percent of adult females nesting each vear
(Kinler et al. 1987:16) suggested that nesting rates may have been
over-estimated, and as a result total populations may have been
under-estimated in the past. Additional information on the
percentage of females nesting each year and the adult sex ratio is
needed for the Lacassine alligator population.

McNease and Joanen (1978) determined that the average fresh
marsh habitat in Louisiana supports 1 alligator/5.67 ha.
Lacassine Pool supported 1 alligator/0.98 ha in 1986 and 1
alligator/0.42 ha in 1987. The remainder of the marsh on the
refuge (outside of Lacassine Pool) supported 1 alligator/4.95 ha
in 1986 and 1 alligator/2.91 ha in 1987.

Population Composition

The alligator population composition outside of Lacassine
Pool as determined by night counts more closely resembled the
population compoesition reported by Taylor and Neal 1984 than did
the population composition in Lacassine Pocl. The most obvious
difference at Lacassine NWR and that reported by Taylor and Neal
(1984) was the apparent under-representation of the 2 smallest
size classes. Alligators remain in pods during their first 2
years and that behavior may have caused considerable variation in
night counts of those size classes (Woodward and Marion 1978).
Young alligators usually remain for the first two years of life in
the vicinity of their mother’s nest, which i3 often in remote
sections of a marsh (Chabreck 1965) and in areas not normally
sampled by night count transects.

The population composition in Lacassine Pool was unusual in
that the number of animals in the 0.6-1.5 m size classes was very
small compared to the population composition reported by Taylor
and Neal 1984. One possible explanation is that alligators in
those size classes were more likely to submerge to avoid the
airboat during the night counts than other size classes.

Lacassine NWR persommnel attempted to capture and tag 500

alligators/year, and alligators in the 0.6-1.5 m size classes made
up the bulk of the captures, hence their avoidance of the airboat.
Another reagon those size classes may have been under-represented




was that larger alligators may have driven the smaller alligators
from the deep water habitat where night counts were mestly
conducted. That possibility becomes especially likely when the
high density of alligators of all size classes in the pool 1is
taken into consideration,

Recruitment

In 1987, 9.02% of the alligator eggs laid in nests monitored
in the intensive study area on Lacassine NWR failed to hatch.
Assuming that no further mortality occcurred between the time the
eggs were inspected and hatching, the 63 active nests produced
1,875 young (x = 29.8). The aerial inventory of nests disclosed
that 704 nests were present in the pool. By applying this nest
production value, we estimated that 20,979 young were produced in
the pool. The 40 nests outside the pool contributed another 1,192
young for a total of 22,171 young produced on the refuge in 1987,
The computed population before hatching was 17,743; therefore
hatchlings would have comprised 55.5% of the after hatching
population if no mortality occurred.

Although fewer nests were present on the refuge in 1986, no
eggs were lost to flooding. Assuming that the same percentage of
faulty eggs (4.8) existed in 1986 as in 1987, then the nests in
1986 (x = 33,2 eggs) should have produced an average of 31.6
young. Total production of young on the refuge in 1986 was
computed at 10,491. The computed population of alligators before
‘hatching in 1986 was 7,918; therefore, hatchlings would have
comprised 57.0% of the after-hatching population if no mortalicy
occurred,

Alligator hatchlings range in size from 0.3 to 0.6 m at age 1
(Chabreck and Joanen 1979). Night counts on Lacassine NWR
indicated that this size class (including those < 0.3 m) comprised
24.1% of the before hatching population. However, after hatching
this group made up only 10.4% of the total population in 1986 and
10.7% in 1987. The average of these values for both years
indicates a loss of 83.6% of the hatchlings during the first year
on Lacassine NWR,
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Summary of Venczuela’s new law for commercial trading of wildlife and its products.

Alejandro Carrillo- Garcia
Apartado Postal 3401
Carmelitas, Caracas
Venezuela,

On 23 March 1990 the Ministry of the Environment and Natural Renewabie Resources in Venezuela
issued a Ministerial Despatch with new regulations pertaining to wildlife trade. The new regulations are
summarized here,

INTRODUCTION
» Legal basis;
- CITES International Law
- Venezuelan Wildlife Law (Article 87)
- Central Administration Law (Article 36)

SECTION 1
= Purposc: :
To regulate wildlife trade and industry in Venezuela and the international export of wildlife
products.

» Institutions with jurisdiction to apply and enforce the law.:
- National Guard
- PROFAUNA (National Wildlife Office).

SECTION 2, Licences.
= Eligibility to establish wildlife industry or trade in products:
- Personal commercial firms fulfilling previous requirements for licences.
- Legal firms (Companies, Corporations etc.) that previously fulfill requirements for licenses.

License applications require a description of the proposed activities and verification of approval by
PROFAUNA.

SECTION 3
w Transportation of wildlife or products within the country:
- Regulations and documentation required for movement
- from sites of origin (e.g.ranches) to local PROFAUNA centers and
- from sites of origin to the rest of the country.

SECTION 4.
» Registration of traders and industries required.

SECTION 5
» Warehouses and commercial storage and activity regulated.
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SECTION 6
s Import and Export activities:
- Approval of PROFAUNA required.
- Licensing and documentation described.

Analysis:

The new law has considerable advantage for wildlife conservation and sustainable use. It imposes controls
on wildlife trade and is restrictive enough to discourage adventurers. Licensing and documentation are
under the centralized jurisdiction of PROFAUNA. At the same time it provides a firm basis on which to
build sustainable industries and commercial businesses based on wildlife. The mechanisms and climate are
established to encourage investment in sustainable wildlife industry by both foreign and local investors.
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PRELIMINARY STUDIES ON THE HOME RANGE OF THE CHINESE ALLIGATOR.

Chen Bihui
Department of Biology
Anhui Normal University
Wuhu, China,

Abstract:
Movements of Chinese alligators away from their dens are described and home ranges calculated. The
area used for foraging by individual alligators may vary by up to 10 times from 447 meters square to 5876
meters square. Causes of this variation are thought to be as follows:

1) Available space; Alligators with access to larger foraging areas have larger home

ranges.
2) Richness of food resources; Alligators with access to concentrated food supplies used
smaller home ranges.
3) Age; Adult alligators used more of the available habitat than juveniles living in the
same waters.
4) Size; larger alligators occupied areas of more abundant food and used a smaller
foraging area than smaller individuals in the same waters.

No differences in home range were observed between males and females.

Introduction

The number of living Chincse alligators in the field is small. Surviving alligators are distributed in a
discontinuous manner rather than a continuum following the destruction of much of their habitat and the
reduction of their populations. In this study we enquired into the size of home range of alligators in their
present dispersed locations . We also examined differences in home range size between alluvial plain and
upland hilly regions. Studics were conducted in the alluvial plain in August 1988 and in the hill region in
August 1989,

Materials and methods.

Investigation of the home range in the riverside plain was donc at Donghe Village, Nanling county, Anhui
province, alow lying area of the Yangtse alluvial plain that is intengively cultivated and has a dense human
population. At this location five alligators live in a pond of 3600 m“. One is an adult female and four are
juvenﬂefﬂﬁ-O.Smlength. They may all be one family but presently live in different burrows. A swamp of
8000 m” lies adjacent to the NE side of the pond and SW of the pond is a mound on which are 13 farm
houses. The alligator burrows are under this mound. This village and the pond is surrounded by paddy field
sprinkled with ditches.

A second study site in the Yangtse a%luvml plain was located at Shihpu village, Nanling county. Adjacent to
this village is a pond of about 400 m* connected to a canal. The village people wash vegetables and clean
fish at this pond and discard fish offal into the pond, therefore there is a rich food supply for the single
female alligator that occupies this pond.

The investigation of the alligator home range in the hilly region was done in Xintian village, Xuancheng
county, Anhui province in the foothills of the Wannan mountain chain. The area is partially cultivated in
wheat, rice and vegetables but is primarily a tree farm. Two adult female alligators reside in a reservoir
that covers an area of about 3600 m“, The reservoir is formed by an embankment in the valley and two
ditches discharge into it from above. Paddy fields lie below the embankment in the valley. Two female
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alligators have their burrows near where the where the reservoir adjoins the ditch. The burrows are only
13.5 m apart.

In another side oft.hchillaboutkadistantfromthcrcscrvoirisasmallpondof%ﬂmzareawithan
adjoining ditch winding around the hill. A male alligator lives in this pond, which is sarrounded by
vegetable and paddy rice cultivation.

Preliminary observations on the nightly movements of these alligators were made using a head lamp.
Prominent land marks such as trees, paths and canals were accurately mapped and formed the reference
points for a grid of X and Y axes. Thea alligators were located by their eyeshine and their position relative
to the X/Y axis determined accurately.

Because juvenile alligators of about the same size could not be differentiated by their eyeshine we
combined observations for the four juveniles at Donghe. The aduit female could be distinguished and was
labelled alligator "A”. Observations were made on 15 occasions , on two of which only four alligators could
be seen, giving a total of 73 sightings at this location. At Shihpu the alligator, termed "B" was observed 15
times, always within or on the bank of the pond and never going out.

The two ailigators at Xintian reservoir conld be distinguished by size as "C" (the larger one) and "D” (the
smaller one) and the male alligator in the nearby pond was called "E". Each of these were observed 15
times each.

Sighting igns of each alligator were expressed as an X; and Y; dimension on the axes and the
parameters X;°, Y;“ and X;Y; calculated and summed for each animal. Because the distribution of sighting
locations was roughly elliptical we adopted the equation used by Jenarich and Turner (1969) in calculating
range areas of lizards:

AREA:© A = 6piISl”
where IS = Sgy. Syy - S5
X Variance: Sxx = 1/(n-2){SUMXZ-(SUMX)%/n]
Y Variance:  Syy = 1/(n-2)[SUMY2-(SUMY)?/n]
XY covariance: Sxy = 1/(n-2)[SUMXY-(SUMX)(SUMY)/nj

Resuits and discussion

The data obtained from the four sites are presented in Table 1. Observations from Donghe are shown as
the combination of all sightings (adult and juveniles) and the aduit "A" alone,

Long term observations have shown that Chinese alligators remain occupants of their resident burrows
except when they leave during the mating season. The time of our study (August} is period of active
feeding for alligators. All the alligators came out from their burrows to feed and our measurements are for
the feeding area but cannot address the activity range during breeding, Table 1 indicates that the area used
for foraging by alligators may vary b{ a factor of 10 between diff%rent alligators. The range of female "A” in
the riverside plains, covered 5876 m“, but female "B* only 447 m®, The reasons for this difference are
thought to be three respects:

(1) The structural nature of the habitat. In the residence of "A" is a large pond and its neighboring swamp.
Alligator "A" searches for food both in the pond and in the swamp where there is a plentiful supply of food.
The residence of "B” is surrounded by paddy fields and villages and, due to the use of chemical fertilizers
and pesticides, there is little food in the paddy fields, therefore "B” did not forage there.
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(2) Although the pond occupied by "A” is also near a village and the villagers sometimes discard animal
offalsuchasﬁshinnardsintothcpond,thcviﬂagcissosmaﬂthatlittlefoodisprovidcdfromthissource.
In contrast the village adjacent to the home of "B is larger and Iot of animal matter is thrown into the
pond. Alligator "B" did not appear to need to forage elsewhere.

(3) Four juveniles remained in the pond of "A" while "B" occupied its pond alone.

In 1969 Turner et al. analyzed data from 13 species of terrestrial lizard and found a positive correlation
between area of home range and body size. They suggested that larger lizards have a greater daily energy
expenditure than small lizards, Our data are insufficient to support this conclusion. We observed that
females'C'and'D'livedinthesamcreservoirandwhile'C'islargcritshomcrangcissmaller. It may be
thatthelargcr'C'isabletofomgcintherichcstporﬁonofthcpond. The home range of the male "E" is
larger than “B", "C" and *D" but smaller than "A", The size of home range may be more affected by habitat
structure than by differences between males and females. "E” lives in a smaller pond and usually crawled
into the shallow sides of the nearby canat to take food. "C" and D" live in a large reservoir and usually
searched for food in the shallows. "B lives in small pond but takes advantage of supplementary food
thrown in by people and does not need to leave this pond to seck food. The home range of the male "E" is
smaller than that of female "A* because "A” lives in a larger pond and also uses the swamp to seek food.
Additionally "A" is sharing the pond with four juveniles, The activity range of the four juveniles is smaller
than that of the female "A” and so the apparently smaller home range of the *family” is a statistical artifact
of combining the data,
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OBSERVATION ON THE BURROW OF CHINESE ALLIGATOR *

Chen Bihui
Dept. Biology, Anhui Normal University
Wuhu, China

Wang Chaolin and Lian Baodong
Anhui Research Ceater of Chinese Alligator Reproduction
China,

Abstract

This paper deals with the burrow construction of the Chinese Alligator, selection of the burrow site,
biological significance of the burrow and behavior of digging the burrow. A typical burrow consists 1 or 2
openings, 1 or 2 tunncls, 1 - 3 chambers, a slecping platform and a pool. The tunnels twist and turn
effectively maintaining an even temperature and avoiding encmies. Each burrow contains a pool that holds
water all year and supplics the alligator with water in the burrow even when the weather is cool or very dry.
The complex environmental factors of the burrow may be invoived in the developmentai needs of the
gonad. More burrow openings facc south than face north because the south facing orientation is warmer in
winter and cooler in summer. The site of construction is carefully selected by the alligator with respect to
topography, vegetation and soil. Alligators construct the burrow with the saout, four limbs, bedy and tail
and burrows are usually constructed in mid to late September.

* This project is supported by the Chinese Science Fuad.
Introduction

A vast majority of crocodilians living in the world are distributed in the tropics and subtropics. An
exception is the Chinese Alligator which is distributed up to 31° North Latitude. Because winter
temperatures in this range may fall to 13.7 C* the Chinese alligator shows a number of adaptations to this
climate and the digging of a burrow is one of the more important adaptations. We have studied alligator
burrows for several years to understand their biological significance. The project was initiated in 1982 as
part of the study of the Chinese alligator conducted by Dr, Myrna Watanabe with Chen Bihui and Huang
Chuchien. After Dr. Watanabe returned to the U.S.A the study was continued by the present authors.

Methods

Structure of Alligator burrows was studied by excavating them by hand. When each section of burrow was
dug out its length, width, height and depth ( distance from its bottom to the ground surface above) was
measured. The length of cach section was measured in the midline along the bottom and the section
lengths added to give the total. After each burrow was excavated a diagram of the whole burrow was
drawn. Burrow temperatures were measured in eleven burrows. Four were 1.5-2m deep and located in
the ailuvial plain region. Four were 1.5 - 2 m decp and four of 2.5 - 2.74 m depth were located in a hilly
region. Each burrow temperaturc was measurcd at the beginning, middle and end of each month and a few
were measured monthly for 4-5 times. Temperature differences between the alluvial plains and hills are
less than 0.5 C* and so the mcan value of measurement data was adopted for the ground temperature each
month. A thermometer equipped within a hollow hand drill (a geothermometer) was used to take ground
and burrow temperatures, Location and depth of each burrow was probed from the surface with a thin
bamboo pole and then the geothermometer inserted through the soil into the burrow. With very deep
burrows it was necessary to remove part of the overlying earth above the burrow in order to insert the
geothermometer but in every case the burrow remained intact and covered with earth.
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Results and Discussion

Basic construction of the burrow. A typical burrow is shown in Figs 1 - 3 and is constructed as follows:

i] Openings; the burrow openings are approximately round or elliptic with the bottom wall somewhat flat.
Hole size is positively correlated with the size of the occupant alligator. The openings of an adult alligator
burrow are 33-35 cm high, 35-55 cm wide, and are usually located in the vertical wall of an embankment,
pond bank or ditch or located at the foot of a hill. When water levels are full the opening is submersed but
it may be exposed as water Ievels fall. Over the opening there are usually high arbors, dense bushes or
grasses and holes are often located between the forks of the roots of waterside trees.

The Air Hole, first named by Chu Cheng-kuan (1957), is a vertical cylindrical entrance to the burrow of 42-
56 cm diameter with the apparent function of air supply to the burrow. The opening of the air hole is at the
ground surface above the burrow. The function of this aperture may be to allow an air supply, and as an
exit for the alligator, in times of floods in the rainy season. Air holes are a regular feature of burrows on
the flat alluvial plain where flooding is common and few air holes are seen in hill region burrows.

ii] The tunnei: The bottom of the tunnel is smooth while the top is arciform so that the tunnel in section is
a semicircle. The aduit alligators tunnel is 33-36 cm high, 39-60 cm wide, with a very smooth inner surface

which becomes highly compacted by the passage of the alligator to a depth of 4-5 cm into the burrow wall,

with a completely different texture to the Ioose soil externai to this rampart.

The length of a tunnel is correlated with the alligators age. Adult alligator burrows may be 10 - 25 m length
while those of young alligators may be about 3 - 10 m. The tunnel has twists and turns functioning to
maintain stable temperatures and to discourage cnemies.

3] The Chamber: The chamber is a widened part of the tunnel, roughly round or ciliptical and usually
located at the confluence of two forks. It is probably the place where the alligator can turn around within
the tunnel. Chamber size varics with a diameter of 48 - 60 cm and a height of 42 - 50 cm.

4] The sleeping platform: A flat platform is usually located at or near the end of a tunnel that curves
upward. The platform is elliptic and 90 - 150 cm long and 40 - 70 cm wide. Alligators we have investigated
during their hibernation period are always found in this section of the burrow.

5} The pool: A pool of water is usually found in the deepest part of the burrow. The shape and size of the
pool varies but it is usually larger than the slecping platform. In some short simple burrows there is no
pool but in iarger burrows with two branches it is nsually found at the end of the downward sloping branch
and some pools have a short canal connected. The pools hold water all year.

The construction of the burrow relates to the age, sex and habitat of the ailigator. Hatchlings have a
tendency towards using natural holes and, as they grow, they rebuild and expand and deepen the hole. The
burrow at one year of age is relatively simple with a single opening, 1-2 m of tunnel and no chamber, pool
or platform. As the alligator grows the burrow is made more complex. Two branches with a chamber are
first built, additional openings and a platform added and finally a pool constructed. The tunnel of females
is more complex than that of males because within the female tunnel there are small forks to serve as the
habitat of juveniles,

Temperatures measured within alligator burrows are shown in table 1 with the associated air temperatures
outside the burrow. Seasonal changes of air temperature in the range of the alligator is very distinct with a
minimum in January and a maximum in July. The variation between day and night air temperatures is also
distinct. The mean difference between maximum and minimum air temperature can be 7.5 C* in January,

8.6 C*in April, 7.6 C° in July and 8.4 C* in October. Extreme minimum temperatures recorded were air =
13.7 C*, earth surface= - 233 C° and extreme maxima were Air = 40.7 C* and earth surface 72.6 C°.




Seasonal changes within the burrow are much less extreme (Table 1). There is no change from day to night
and seasonal extremes are less. The Chinese Alligator can effectively thermoregulate within its burrow.
The burrow shape prevents rapid access of outside air and the deeper burrow levels provide a summer
resort from heat and a safe hibernaculum in winter. The Chinese Alligator spends approximately six
months restricted to its burrow but only the period December to mid February is speat in deep slumber. In
late February the alligator begins to arousc. Experimeats have shown that the alligator needs to drink at
this time but the outside air temperature is still very low (Mean air temperature about 5.9 C°). The
alligator is able to obtain water from the pool in its burrow rather than crawl outside to drink. During very
hotweatherwhenoutsidewatersuppﬁesdryuptheaﬂigamragainhaswatminhsbmowmlmdm
thus tide over an adverse season. A lot of experiments have shown that normal gonad development does
not take place in Chinese Alligators moved from their burrows and settled in an artificial environment to
hibernate. The burrow is therefore seen to be very important for the alligators life. Alligators dwell in
their burrow their whole life and will only leave if the burrow is destroyed.

Selection of a burrow site. Tablcs 2 and 3 present information on a large number of alligator burrows with
respect to the location and orieatation chosen for burrow location. Burrow location is seen to be closely
influenced by topography, vegetation and soil. Burrows are preferentially located against hills and banks, or
on islands rather than on banks bounded by open fields. In the hill locality burrows where a reservoir is
bounded on three sides by hills, the burrows are placed near a ditch that flows into the reservoir. On the
alluvial plains, where ponds are often surrounded by fields, burrows are placed wherever there is a higher
bank or at the base of mounds. Locations with loose soil and luxuriant vegetation are preferred. The
vegetation around alligator burrows appears particularly lush. Coulson and Hernadez (1983) reported lush
vegetation growth around American Alligator holes related to NH4HCO4 excreted by the alligator. The
oricntation of burrow openings is not distinetly related to burrow location but Tables 2 and 3 both indicate
south facing orientations are more common. South facing orientations are warmer in winter and cooler in
summer,

Burrow digging behavior. Burrow construction appears to be instinctive. Hatchlings show an unlcarned
tendency to associate with natural holes in the hollow of banks and squeeze and rub the holes. Such nafural
locations are selected and the hole expanded and decpened. Burrow construction behavior has been
observed in young alligators 10 months old raised in captivity and then released into nature. After 2-3
weeks most of the young can dig a tunnel 30 -40 cm long. Burrows are mostly constructed in the middle
and late September each year when cold air from the North is first experienced. The mean air temperature
at this time is about 20C. From this time until the onset of hibernation alligators can be seen rebuilding
and expanding their burrows.

When building burrows alligators dig the snout and four limbs deep into the soil and push back and forth
with the back of its head and neck and anterior body. The cristae scutum in these parts function as a spade
to shovel a tunnel through the soil. The head is used like a bulldozer to push soil outside the burrow.
Flogging with the tail and pressing with the body play a role in compacting the tunnel walls. Cave ins of the
burrow may be fatal to alligators within as we have found an ailigator trapped between two collapsed rocks
and killed by asphyxiation, at that time it had made two openings.
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Fig. 7 An aerial view of a burrow
Fig. 2 #Asectional drawing of a burrow
Fig. 3 A cross section of tunnel;
A, E=opening; B=chamber;
C=gsleeoing nlatform; Denool;
=air hole: W=waters
BC=upward tunnel:
Bb=downward tunnel;
1.7—» &= It shows that the distance from
the bottom of tunnel to the
earth surface is 1.7m
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Introducticon

The Florida Game and Fresh Water Fish Commission {Commission) has
maintained records of ailigator farm stock and annual production since
the inception of ailigator farming in the state. Between 1969 and 1977,
Commission enforcement personnel recorded inventory and production figures
for some farm facilities. Permitting of aliigator farms for commercial
hide and meat production began in 19878 folliowing the federal
reclassification of alligators from endangered to threatened, which
allowed the sale of hides where it could be demonstrated that the animals
were legally acquired and produced from captive stock (Neal 1877). Since
1978, farms have been required by the Commission to report changes in
inventories. These records were used to develop a profile of Florida’s
alligator farming industry to evaluate trends in alligator farming from
1969 to 1989. For the purpose of this paper, a farm is considered a
facifity which maintained captive stock between 1969 and 1978 and was
subsequentiy authorized to commercially harvest alligators or was
permitted as an alligator farm since 1978. Changes in the number of

farms, inventory of stock maintained on farms, egg and hatchling
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production, reproductive etficiency of female breeders, and hide and meat
production were evaluated, Interpretation of trends provided an
opportunity to make short term projections on hide and meat production.
Additionally, gross estimates of the value of farm-reared alligators were

made based on Commission records and price leveis provided by the

industry.

Farm Levels

Only four farm facilities that maintained alligators for captive
propagation subsequently began to commercially market alligators after
1978 (Figure 1). However, during the 1880's, the number of alligator
farms increased nearly nine fold. The majority of the growth occurred
between 1982 and 1988, when permitting of new farms reflected an 18%
annual rate of increase (Figure 1). The rapid growth may be expiained by
the increasing availability of wild eggs and hatchlings and the perceived
profitability of farming by entrepreneurs. The 1988 annual inventary of
licensed and permitted farms indicated 35 farms maintained breeding stock
(Figure 2); 11 farms reared only wild stock or had not yet obtained stock.
Using the number of female breeders as an indicatar of the relative size
and annual production potential of a farm, these records indicate that
the relative proportion of smali, medium, and large farms remained
relatively stable during the 1980's (Figure 2) and that average farm size
did not increase substantialiy over that time.

The total alligator inventory on farms between 1982 and 1983 increased
from 10,800 to 92,750. The greatest increase occurred between 1987 and
1988, The total annual inventory of all farms increased an average of

13,750 alligators each year or 32% annually during this period. This

55




increase is a result of the expansion of breeding stock, an increase in
breeder efficiency, and the development of the alligator management

program which permitted expanded colfection of hatchlings and eggs

Captive Prodyction

Hatch rates of captively produced €ggs are based on farmer reports
prior to 1981 and on-site inspections of egg and hatchling production by
Commission personnel since 1981. Reported egg production includes all
eggs for some farms or years and only incubated eggs on other farms.
Records available from 1 to 3 farms annual iy between 1968 and 1981 reflect
an average hatch rate of approximately 50%. Hatch rates of the 8 to 35
farms reporting annually between 1982 and 1989 averaged 33% with no
apparent trend (Figure 3).

Reported annual hatch!ing production on farms between 1969 and 1981
varied between 0 and 1,000; however, the number of farms reporting each
year was low (1 to 3). ~The number of farms increased through the 1980°'s
with annual captive hatchling production between 1984 and 1988 averaging
280 hatchiings per farm.

The number of hatchlings produced per femalie breeder, called Annual
Reproductive Efficiency (ARE) by Godwin and Cardeilhac {1981), can be used
as an index to captive propagation success. Farms must maintain a minimum
annual ARE of 7 hatchlings per female to be successful {Cardeiihac 1988).
ARE was evaluated between 1983 and 1989 for: {1) all farms, (2) the 5
farms with the highest annual ARE and (3) remaining farms less the top 5.

Between 1983 and 1989, the average ARE for ail farms was 2.51 hatch{ ings

per female breeder. The ARE remained unchanged between 1982 and 1585 at




2.0 and increased to 3.4 through 1989. Although the ARE dropped in 1988,

there appears to be a siight increasing trend since 1985 (Figure 4).

The ARE for the top five farms averaged 6.33 hatchiings per female
between 1983 and 1983, whereas the remaining farms averaged only 1.42.
The ARE for the top 5 farms decreased from 6.6 to 4.8 between 1984 and
1985 but steadily increased thereafter ta 11.5 in 1989 (Figure 4). This
increasing trend is a result of 13 individual farms occupying the top-5
category during the 7 year period. Three individual farms were in the top
category 5 of the 7 years, which demonstrates maintaining a high ARE is
attainable but that individual farms are not consistently attaining high
ARE’S. The size of the 13 farms (based on the npumber of breeders)
occurring in the top category were distributed in proportion to their
overal | occurrence. Therefore, the size of a farm is not correlated with
a high ARE. Over the 7 year period, the top-5 farm category maintained
only 23% of the breeding females, but accounted for 58% of the captive
hatchling production. By comparison, in 1989, 30 of the 35 farms with
breeders maintained 85% of the femaies but accounted for only 48% of the
hatchlings produced in captivity.

The increase in the number of farms, expansion of breeding stock, and
improved breeder efficien&y has resulted in a substantial increase in the
number of captively propagated hatchliings. Captive hatchling production
increased from 1,031 in 1981 to 15,074 in 1989. A further increase in the
nunber of captive hatchlings on farms can also be attributed to hatchling
stock obtained from experimental research projects and expansion of
ranching programs initiated by the Commission in 1987. Between 1981 and
1986, 15,484 hatchiings were placed on farms from the wiid as a result of

research programs. Starting in 1887, new egg and hatchiing harvests from
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the wild were implemented. Egg and hatchling collections and a continued
supply of hatchlings provided from research projects resuited in 35,088
Flerida ranched hatchlings being placed on farms between 1987 and 1989.
An additional 14,130 ranched hatchiings were imported from Louisiana and
Texas between 1988 and 1989. As a result 49,218 wild hatchl ings were

placed on Florida alligator farms since September 1987 (Figure 5).

Farm Harvest

The increased production of aliigators propagated on farms and the
inereased availability of wild hatchiings to farms has resulted in an
increased number of alligator hides being tagged and sold in the hide
market. Approximately 200 hides per year were tagged and sold between
1878 and 1983. The number of hides tagged each year increased steadily
from 738 in 1984 to 16,385 in 1981 {(Figure 8).

Hide prices fluctuated near $20 per |inear foot between 1980 and 19886
and increased above $30 per linear foot following 1987 (Figure 7).
However, the average value of a farm produced ailigator decreased from
approximately $225.00 in 1985 to approximately $200.00 from 1986 through
1888. Total carcass value decreased only 12.5%, despite a 25% decrease
in hide size and a 50% decline in meat yieid from each carcass. Higher
hide prices diminished the reiative value of meat from a carcass,
providing an incentive to harvest smaller alligators at an earlier age.
Industry sources_}eported that this harvest strategy increased cash flow,
while maintaining an acceptable overall return for each animal

slaughtered. Based on farmer reports, increases in hide prices returned

the average animal value to approximately $225 in 1989.




The increased harvest of farm-reared animals was reflected in the
overall increase in total meat production from farms. Meat production
increased from 27,962 pounds in 1885 to approximately 128,379 pounds in
1989, despite a decline in average meat yield from 20 pounds per alligator
in 1985 to 6.7 pounds in 1989 (Figure 8).

The ability to project future farm harvest levels is valuable to
regulatory agencies and the industry. Estimated production leveis ailow
regulators to anticipate the manpower and tag allotment needed to monitor
production and permit the industry to plan for facility development and
initiate marketing strategies aimed at maintaining a steady market.

Because the inventory of rearing stock presentiy maintained on Flarida
farms is known, 2 year production projections can be made relativeiy
safely provided market conditions remain stable. These projections can
be made based on the number and age of rearing stock and recent trends in
the rate of harvest. Harvest rates of 2-year old alligators, calculated
as the percentage of hatchlings placed on farms 2 years before, increased
from approximately 25% to 50% prior to 1986, to approximately 80% during
the past 3 years (1987-83). Projections based on the slaughter of 80% of
the 2 year age class indicate hide production figures of 24,350 hides in
1990 and 28,100 hides in 1981 {Figure 9). This production would represent
a 72% increase over the next 2 years.

Longer term estimates, although more speculative, can be made for
harvest levelis beyond 1991 based on trends .n captive production and
anticipated expansion of ranching programs that would provide more wiid
eggs and hatchlings for captive rearing. Assuming a continued annual
improvement Iin captive production of the 0.2 hatchlings per female

observed since 1983 and a diminished expansion of ranching stock to 7% per
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year as fewer suitable collection areas are available, farm hide
production would increase to approximately 32,172 hides by 1983 (Figure
§). Based on these projections, and assuming current product values, the
gross value of alligator production on farms couid double to over $7.2

million by 1993 (Tabie 1).

Summary

There has been a substantial increase in the number of captively
produced hatchiings on Florida alligator farms over the last decade. That
increase is largely attributabie to increases in the number of breeders
and farms, as well as moderate improvement in the number of hatehl ings
produced per female. It is clear that substantial improvements are needed
to increase.captive production to a prafitable ARE, but until those
improvements are achieved, Florida's alligator management programs that
make wild stock availabie for rearing on farms will continue to account
for the major increase in farm inventory. Further increases in farm
production are possible, assuming improvements in captive propagation and

expansion of ranched alliigators from management of wild populations.
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Table 1. Estimated gross value of farm-reared alligators from 1984 through

1993.

Farm-Reared Alligators

ESTIMATED GROSS VALLE

Average '

Length Meat Value
Year Harvest lfeet) Hide Valye {@$5.50/1b.) Jotal Valye
1984 738 8.0 $ 84,800 $ 81,800 $ 186,400
1985 1,339 6.0 $ 166,500 $ 153,600 $ 320,100
1986 3,921 5.0 $ 443,300 $ 319,600 $ 762,900
1987 8,479 4.5 $ 919,000 $ 385,000 $1,304,000
1988 7,572 4.5 $1, 107,400 $ 450,000 $1,557,400
1989 18,385 4.5 $2,821,800 $1,084,800 $3,686, 600
1990 23,686 $5,329, 400"
1991 27,028 $6,081,500"
1992 29,829 6,711,500
1993 32,172 $7,238, 700"

Projected figures based on alligator carcass value of $225.
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Appendix I

GFC Form 1000AF
ALL IGATOR FARM ANNUAL REFPCRT

For the Report Year Ending
December 31,

Farm Name

Farm Licensee Name

Address

Teiephone Numbers ( ) { )

1. Number of live alligators on my farm as of December 31 |ast
report year

2. Total number of clutches produced from nests on my farm this
report year

3. Grand total of alligator eggs produced by breeders on my farm
this report year (include eggs culled prior to incubation)

4. Number of eggs reported in No. 3 that were incubated on my
farm this report year

5. Number of hatchiing alligators produced from eggs reported
in No. 4 that were retained and were surviving on my farm
as of December 31 this report year.

€. Number of wild alligator eggs that were transferred from the
egg collection coordinator under the public lands egg coliection
program, and incubated on my farm this report vyear

7. Number of hatchlings produced from public lands eggs reported
in No. € that were retained and surviving on my farm
as of December 31 of this report year

8. Number of eggs that were transferred to me from private lands
alligator management program permittees and incubated on my farm
this report year

9. Number of hatchiings produced from private {ands eggs
reparted in No. 8 that were retained and surviving on my farm
as of December 31 this report year




Appendix I (continued)

GFC Form 1000AF 2

10.

11.

12.

13.

14.

15.

18.

17.

18.

Number of "orphaned” eggs transferred to me from nuisance
alligator program trappers serving as my alligator farming
agent(s) this report year

Nunber of hatchlings produced from nuisance alligator
program "orphaned” eggs reported in No. 10 that were retained
and surviving on my farm as of December 31 of this report year

Number of "supplement” hatchlings received from U. of F.

Co~op Unit this report year

Number of "supplement™ hatchlings from U. of F. Co~op Unit

that were retained and were surviving on my farm as of

December 31 of this report year

Number of wild hatchiings collected from counties assigned

tc me under the statewide hatchiing coilection program

this report year

Number of wild hatchlings reported in No. 14 that were retained
and surviving on my farm as of December 31 of this report year
Totai number of live, hatchling alligators bought or
transferred to my farm this report vear

(Does not inciude hatchlings reported in No. 12 and 13 above.)
Itemize (List each transaction):

Date Number Source

Number of hatchlings reported in No. 18 that were retained and
surviving on my farm as of December 31 of this report year -
Total number of live, non-hatchliing alligators bought or

transferred to my farm this report year

itemize (L.ist each transaction):

Date Number Size Source




Appendix I (continued)

GFC Form 1000AF : 3

19. Total number of live hatchiing alligators sold or transferred
from my farm this repert year

itemize (List each transaction):

Date Number Size Destination

20. Total number of [ive non~hatchling alligators sold or transferred
from my farm this report year

Itemize (List each transaction):

Date Numnber Size Destination -

21. Number of ailigator hide tags used this report year

22. Number of unused aliigator hide tags returned with this
repart

23. Number of dead, non-hatchling alligators to be disposed of
by burial and not hide tagged this year. (Do not inciude
dead hatchiings of the year, as they must be deducted to calculate
figures reported as surviving hatchiings as of December 31.)

24, Total number of breeding ailigators in ponds on my farm
at beginning of breeding season
male

femaie

25. Tetal number of breeding alligators in ponds on my farm as of
December 31 of this report year
male

female

74




Appendix I (continued)

GFC Form 1000AF 4

26. Grand total number of live ailigators on my farm as of
December 31 of this report year

SIZE CLASS

o0
+

Q-2 gs_4| 4'-§* 8'-8*

No. of
Alligators =

GRAND TOTAL

27. Number of pounds of farm meat produced from aliigators that were tagged
with a harvest tag issued to me, and reported as used in No. 19 this
report year. (Do not include meat produced from alligator
carcasses tagged with wild harvest tags, or harvest tags
issued to another farm.)

28. Number of pounds of meat reported in No. 26 that was sold this

report year. (Do not include meat from wild alligator carcasses
you may have purchased and processed.)

I certify that this record is accurate to the best of my knowledge.

Signed Date

DDsgs
rev. 3-19-90
FN: 1000AF90.FRAM
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§964 REPORT
COMMERCEAL FLORIDA ALLIGATOR FARtHS

LBS MEAT LES MEAT
PROCUCED sl

HIGES
DISFOCED(-} BATORS TAGEED

PRIVATE WET. COMS/WAR  TOTAL  REPORTED LIVE GATORS  LIVE GATORS TOTAL

HATCH COLL. HATCHLING WATCH  MORTALITY ACQUIRED(+)

CITY

DWHER

ALLIGATOR FARH

-—

GADESVILLE

PELLAS GATOR FARM EDWARD PELLA  SEBRING

KISSINEE
V0N PARK

RIVERVIEW
HOELL ALILTGATOR FARR JSOEH HOWELL PLANT CITY

BUSHELL
BUSHNELL

BUSHAELL
PALMDALE

STEVE KADKLEY  SEBRING

BRANDGK

BELL

JOE TILLMAN LAKE PLACID
MORGAN/EDGERTON  KEYSTOE HTS.
HERIAN EROCKS  CHRISTMAS
GATOR JUNGLE(PLANT CITY) TRACY HIKFLL DOVER
FRAK GOONIN
GIGERS GATOR FARK KEN GIGER
FRANK GOMES
LANLER WELES  AVON PARK

6.0. PARRITY

FROELICHS GATOR FARM  EIWIN FROELICH  CHRISTMAS
EVARS/DAVTS

LYCRNS GATCR FaRM CRAIG LYCAM

JANES POSEY

JOEL SMITH

BONNY FARIS

CIRCLE & GATOR RANCH  IOW GALVIN
C.S.T. GATOR FARH

GATOR JUMALE

GATORLAND 200

GOMES GATOR FARN

WIS ALLIGATOR BRS  CLYDE HUNT
FLYING P RANCH

Ji GNE FARM

KACKLEY GATCR FAR

LIMESTONE FARMS

SUNTY FARAS

SHITHS BATCR FARN

QEQ

19

0
ERR
0

Og@

1%

SUETOTAL

MEMNS PER FRARH
¥ OF Fidis
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1583 REFGRT

COMERCIAL FLORIDA ALLIGATOR FARMS

L85 MEAT L85 MEAT
PROUCER  50L0

HICES
YAGEED

05 LIVE GATORS TOTAL

WORTALITY ACQUIRED(+)  DISPOSED(-} GATORS

FRIVATE VET. CONS/HAR TOTAL  REFGRTED  LIVE GAF

HATCH COLL.  MATCHLING HATCH

cITy

GUNER

ALLTGATOR FARM

15¢

KEYSTONE HTS.
BELL

EUSHNELL
BUSHMELL

£.0. PARRGY

HMTS ALLTGATCR FARK  CLYDE HUNT
FLYING F RANCH

C.5.7. GATOR FARM DON NORGAN

118

JOEL SMETH ALL. FARM  JOEL SHITH

6743

1059

CHRISTIRS

PALMDALE

SEEAIING

PARKER TSLAND GATOR  MILLIAM TILLWAN LAKE PLACID

(RLADG

FRANK GODNIN
SHLGHI RANOT

JAMES POSEY

FRIELICHS GATOR FARN  EDVIN FROELICH (HRISTMAS
GEIGERS GATOR FARM  KER GIEER

CLAYEROCK FARMS

GATORLAD 200

i3
50
53
1od

n
1024

AVON PRRx

LAWLER VELLS
STEVE KACKLEY  SEBRING

JEN GIE FARN

BUSHMEEL

CIRCLE & GATOR AANCH  JOHN GALVIN

HILLTEP FARS
KACKLEY £ATOR FARN

12513

1257

I

20

13

SUBTOTAL

415

KEANS PER FARM

4 OF FARMS
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Appendix I (continued)

1361 REFORT
CRERCIAL FLORIDA ALLIGATOR FRANS

LES MEAT LES HEAT
FROOUCED  S0LD

HI0ES
TAGGED

LIVE GATORS TOTAL

DISPOSED(-Y GATORS

REFORTED  LIVE BATORS

MORTALITY  ACQUIRED(+)

PRIVATE VET. CONS/HAR  TOTAL
HATCH CeL. HATCHLING AT

CITy

MER

ALL[BATOR FARNK

fi

n

CRISTHAS
VELLIAM TILLWAN LAE PLACID

BUCHNEL L

C.5.7. GRTOR FARM BN MORGAN KEVST(HE WIS
BRL

FROELECHS GATOR FARM  EDWIN FROELICH  CHRISTMAS
SHLCHE RANOT

CLYDE HMT

JUEL SMITH ALL FARK  JOEL SNITH

FARKER TSLND GATOR

HNTS ALLIGATIR &R

CLAYBRODK FARMS

QEQ

284
142
2

1707

U

g8

-

QEQ
QEQ

SUBTOTAL
PEANS PER FARK
¥ OF FARIS

n

1982 REPORT
CORERCIAL FLORIDA ALLIGATOR FARHS

LBS MEAT LBS MEAT
S0LD

TAGSED PRODUCED

HIBES

LIVE GATORS TYOTAL
DISPOSED{(-) GATORS

REPURTED  LIVE GATORS
MRTALTTY  ACQUIRED(+)

PRIVATE VET. CONS/HAR  TOTAL
HATCH (L. HATCHLTHG  HATCH

ciry

OER

AL IGATOR FARM

FURTS ALLIGATOR FARY ~ CLYOE FORT
FLYING P RANCH

= 3R
=
= sg
X
=2
=1
=
=
| Y

5
197

BUSHHELL
BUSHNELL

{.5.1. GATCR FARM DG HORGAN KEYSTRHE WIS,
eaL

FRGELICHS GATUR FARM  EOWIM FROELICH  CHRISTMAS

§.0. PRRRIT

JOEL SMITH ALL. FARM  JOEL SMITH

13l

44

CHRISTHAS
PALRDALE
YILE TR TILULMAN  LAKE ALACID
AV PARK
EASHELL

SHLOSE RANOT
LAWLER WELLS

JAMES FiSEY

CIRCLE & GATUR RANCH  JGHN GAEVIN

CLAYBROOK. FAARNS

JIM GAE FARH
FARKER 15LAND GATOR
HILLTOR FaRNS

SUETOTAL

1

HEANS PER FAAN
b F FARM3
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On the Possibility of a New

Undescribed Crocodilian Species from Colombia

Karl~-Heinz Fuchs1, Dietrich JeldenZ: Heinz Wermuth3

1 Schillerstrasse 2, 6257 Hiinfelden
2 Oberfeldstrasse 64, 6000 Frankfurt/Main
3 Falkenweg 1, 7149 Freiberg a. Neckar

Abstract

Colombian crocodilian skins bave been discovered which have
scutes and scales of unusual form and arrangement. A comparison
with the known caimans allows the conclusion that they might
represent a species as yet undescribed, a possibility which is
also considered by Medem (1981).

Introduction

When one of the German authors (Fuchs) on official missicn

in 1988 examined the stock of a German dealer in reptile skins, he
found parts of skins and one complete hide of a crocodilian

with unusual characteristics. Some of the characteristics of

these skins deviated considerably from those which we find with
all other living crocodiles. The skins have been deposited with
the "Senckenberg Museum" in Frankfurt am Main. A further skin,

to which the authors bad no access owing to technical reasons,

is now in the possession of the "Staatliche Museum fiir Naturkunde"

in Stuttgart.




We would particularly like to emphasize that this publication

does not aim at describing a new species in accordance with the
relevant established rules. At present there is no proof that

the deviating characteristics are genetically fixed and inheri-~
table without mutations within a bigger population. Furthermore,
accessible material so far is scarcy and therefore the possibili-
ty cannot be excluded that this is only an individually occuring
mutation. With this publication the authors intend to point out
the facts and initiate further research in those regions which
provide a possible habitat in the wild for the caimans in question.

Alligatoridae of Colombia

According to Medem (1981}, four species of caimans can be found
in Colombia: the Spectacled Caiman {Caiman crocodilus), the
Black Caiman (Melanosuchus niger) and the two Smoocth-fronted
Caimans (Paleosuchus palpebrosus and P. trigconatus). It is cha-
racteristic of their belly skins that they do not have any in-
tegumentary sense organs (ISOs) and that the ventral scutes

have two-piece ossifications. The skins discussed here also
show clearly these two characteristics and therefore can be
classified as belonging to the Alligatorinae.

Distribution

The person in charge of the reptile skin company in Germany
said that he had had fewer than five of these unusual skins in
his possession. He had bought them from a Colombian raw hide
dealer from Barranguilla in 1972/73, who at that time dealt ex-
clusively in caiman skins originating from the northern catch-
ment-basin ¢f the Rio Magdalena. We therefore cannot exclude
that the unuswal skins originated from the surroundings of
Barranquilla or even from Cienaga Grande, between Barranguilla
(Atlantico) and Santa Marta {Magdalena).
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Description of the Skins

Length: whole skin (SMF 74138) 106 ¢m, tail (SMF 74139) 49 cm.
Colouration: dark brown after tanning

Ventral scales:

collar: existent and distinctly shaped;
pores (ISO}: non existent;
transverse rows: = scutes very big and partly irregqular in

the centre of the belly; only partly ar-
ranged in transverse rows:

~ 22-24 transverse rows between collar
and last row in front of the vent area;

- 2-8 scutes in each transverse row:

ossifications: - in front of collar : 1.-6. transverse
row strongly ossi-
fied;

- collar: strongly ossified _
- after collar: 1.-12., transverse row
strongly
13.-14. slightly
15.-22. (24.) not ossified;

- tail: counting from the first row behind
' the vent area;
1.-15. transverse row strongly
though decreasingly ossified; 16.
transverse row - end of tail with

slight or no ossifications.




Flank scales: not ossified and unkeeled. Only existent in distal
third of flanks and grouped in 10-12 regularly arran-
ged longitudinal rows. In between run granular scales
which are also arranged in transversel rows; rest of the
flanks has only individual scales in the area near the
ventral scales; no development of transverse rows in
this part. Size ratio between width of innermost
large flank scales and adjacent belly scutes is
0,98:1, similar to that of Crocodylus porosus and

completely different from all other caiman species
(Caiman crocodilus 1.75-2.47:1; Melanosuchus niger
1.55-1.92:1; Paleosuchus spp. 1-1.5:1).

Tail scales: Only in the distal area are scales arranged in
whorls. In the proximal area, particularly near
the vent area, no lateral development of whorls.

Table 1

Discussion

Table 1 shows that in the case of our unusual skin material the form

and arrangement of scales and scutes of the flanks, tail

and body differ significantly from the conditions to be found with other
Colombian caimans. This context suggests a comparison with a mutation
which King (1989) calls a "biological sport". This refers to an unusual
deviation which King discovered with a captive bred American alligator,
Alligator mississipiensis. In the case of this animal, only the flanks




showed a mutation, however to such an extent that the characte-
ristic big oval scales were not recognizable.

With the skin discussed here we also find granular scales but
only in the proximal part of both flanks. Contrary to all other
known caimans, the distal area has an additional 10-12 regu-
larly running longitudinal rows on the flank scales. The arran-
gement of the ventral and tail scutes of the skin described

by King 4id not show any such deviations from the standard
which distinguishes the caiman skins described here from all
other living crocodiles.

Medem, too, believed in the existence of a still unknown and not
yet described crocodilian species in the Cienaga Grande area,

a large lake situated in the Departamento de Magdalena on the
Caribbean coast of Colombia between the cities of Barranquilla
and Santa Marta. Medem based his conviction on the descriptions
of local caiman hunters. He wrote on this hypothetical "Caiman

liso™:

The scutes (flanks) are much smaller than those of the
Caiman c¢rocedilus; they are particularly numerous and
clearly smoother (i. e. unkeeled). Because of their

softness, coloration and small scales the raw hide

dealers in Colombia had great interest in preserving
these skins.

According to Medem, the animals reached a total length of not
more than 8-9 ft (2.4-2.7 m). Sometimes they were sighted in

the lower stretches of the "Rio Frio", a river rising in the
Sierra Nevada de Santa Marta and emptying into a small lake

east of Cienaga Grande. It seems that these caimans came from
the upper part of the Rio Frio. According to Medem, already by
the end of the nineteen thirties and in the early forties the
"Caiman liso" was considered as very rare or extinc€¥iﬂs range.
Hide-hunting activities were concentrated in the Cienaga Grande
and surrounding region, essentially in the area where the "Caiman

lisco" was to have occurred.

108




Thus, the question still remains: Do the caiman skins which
show such a considerable deviation for some characteristics
really represent a still unknown species which, it seems, be-
came rare fifty years ago, or is it nothing but a locally
restricted mutation occuring in individual animals? The
problem can only be solved by research activities in the ani-
mals' natural range, although it is likely,that these animals

were exterminated.
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Growth Curves For The Nile Crocodile
As Estimated By Skeletochronology

1. Games
Department of Biological Science
University of Zimbabwe
P.Bag M.P. 167
HARARE
Zimbabwe

ABSTRACT

Growth curves were constructed for the Nile crocodile from the Middle Zambezi river
using two different skeletochronological methods. The first method assigned ages to
individual crocodiles using the dorsal osteoderms of living animals, before fitting a
modified Von Bertalanffy growth curve, The second method used a caiculated annual
increment from femurs to derive an estimate of the rate of increase to fit the curve, The
curves were similar and it is suggested that they could be useful in management. It should,
however, be noted that skeletochronology is built on precarious foundations and the resuits
must be regarded with caution.

INTRODUCTION

It is important to determine the relationship between age and body size in the Nile
crocodile, as bady size is directly related to sexual maturity, fecundity (in femaies) and
survivorship (Cott, 1961; Graham, 1968; Hutton, 1984). The rate of growth is a measure
of how efficiently the crocodile is utilizing its environment and will be directly affected
by food availability, food quality, food intake, season and sex of the animal. This rate will
slow after sexual maturity (Graham, 1968; Webb, Messel, Crawford and Yerbury, 1978;
Hutton, 1984), Growth appears to be indeterminate (Chabreck and Joznen, 1979; Graham,
1968; Neill, 1971) and this may be because wild crocodiles die before reaching their
asymptotic length (Brisbin, 1988).

Skeletochronolgy or the ageing of animals from annuai growth laminae in the skeleton and
hard parts has been used for fish many times (Beamish and McFarlane, 1983) but has only
recently been applied to crocodilians (Ferguson, 1984; Hutton, 1987a,b). In this study two
independent skeletochronological methods were used to construct growth curves for the
Nile crocodile from the Middle Zambezi River in Mozambique and Zimbabwe. The first
- method assigned ages to individual crocodiles while the second used annual increments to
derive an estimate of the rate of increase,

STUDY AREA

The Middle Zambezi river stretches from the Victoria Falls to the Cahora Bassa dam
(Figure 1). Climatically the area is sub-arid to arid (Phillips, 1959) and there are three
distinct seasons (hot wet, cool and hot dry). Mean air temperatures are always above 20°C
with a peak in October/ November (mean maximum 33 - 38°C, absolute maximum 41°C).
They decrease gradually to a low in June/July (mean minimum 26°C, absoclute mintmum
2.8°C; Coche, 1974). Surface water temperatures vary from a low of 22°C to a high of
30°C. There is a single rainy season which begins in October with sporadic storms. These
increase through November and approximately 90% of the precipitation occurs between
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December and February (Figure 2). Rainfall often occurs as localized heavy showers
associated with thunderstorms and the annual average is 600 mm (range 350 mm - 1015
mm), Daily hours of sunshine vary from a mid rainy season low of 6.4 h to a cool season
high of 10.1 h (20 year mean from Department of Meteorological Services records,
Harare).

The river has been dammed at two sites and the subsequent lakes of Kariba (5 500 kmz)
and Cahora Bassa (2 665 km*®) now support substantial crocodile populations,

METHODS

Material (either a dorsal osteoderm section or a femur) was collected from Lakes Kariba
and Cahora Bassa. The method of data coilection and its subsequent analysis was different
in each area. The growth curve for female crocodiles from Lake Cahora Bassa was derived
from the same material by Craig, Gibson and Hutton (1989) and their method was appiied
to a sample of male femurs.

Lake Kariba

Whenever possible, for all captured crocodiles > 1.2 m total length (TL), an osteoderm
section was removed from the neck, following the method of Hutton (1986). Briefly, the
area was injected with a local anaesthetic (Lignocaine hydrochloride) prior to an osteoderm
section (+ 5 mm thick) being removed with a fine-toothed amputation saw. The resulting
weounds were packed with antibiotic powder and infection was never recorded, even when
some crocodiles were penned for several weeks before release. Wounds were almost
unnoticeable a year later. Twenty one osteoderm sections were collected and stored in
935 % alcohol. In addition, femurs were collected and sun-dried from shot sample of 24
sub-adult crocodiles (1.2 - 2.5 m TL).

For analysis a thin sliver was removed with a hacksaw, from the osteoderm or central
diaphysis of the femur, and ground by hand on silicon carbide paper to approximately
100,. This was viewed under a dissection microscope in transmitted light and minor
adjustments made to the thickness until the annuli were clearly visible. Five variables were
recorded from the osteoderms (Figure 3) and the age estimated with the following formula:

AGE = ({((TD/2) - LD ) / MS) + VL
where;

TD = Total depth of the osteaderm

LD = Depth of the visible laminae

MS = Mean separation of the three innermost laminae
YL = Number of visible laminae

Counting only the visible laminae will give an underestimate of age because the inner
laminae disappear with age (Buffrenil, 1982). The above formuia estimates age by
calcuiting the number of missing laminae and adding them to the visible ones.

It was assumed that laminae resorption in the sub-adult femurs had not begun (Hutton,
1984) and annuli counted girectly from the sections were used as uncorrected age
estimates.




The estimated ages were tested with a nonlinear regression against total length, using a
derivative of the Von Bertalanffy (1938) growth curve defined by Craig, et al. (198%). The
equation was

Y=a(K +at)(l - be'™) {1)
where :

K = The intercept for the positive asymptote
a = Slope

b = Iatercept

r = Exponent for rate of increase

t = Age in years

This gives the asymptote a positive slope, rather than conventional horizontal line. [nitial
parameter values were chosen arbitrarily and the final values were calculated by iteration
on a computer. The only known parameter in the equation was age (t).

Lake Cahora Bassa

A femur was removed, cleaned, and sun-dried from 230 crocodiles, which were shot as
part of a cropping exercise in accordance with CITES regulations (Res. Conf. 5.25). In
the laboratory sections were cut from the ceatral diaphysis of 55 of these and prepared in
the same manner as the Kariba sample. It proved to be impossible to assign an age to the
femurs owing to the obliteration of the inner annuli by resorption and rewocrking of the
center of the bone (Griffiths, 1962). Therefore a different technique to that used for the
Kariba sample, developed by Craig (Craig et al., 1989), was adopted for the analysis. For
each femur the outside diameter and the diameters of two successive annuli were recorded
(Figure 4) using a graticuled eyepiece in a dissection microscope. Total length was
regressed against femur diameter to establish theoretical total lengths for the annuli
diameters {Y). The calculated length increment from the innermost recorded annulus to
the next successive annuius (AY) was plotted against Y. If Y is given by equation (1) then
AY, for an increment of one vear, can be caiculated by

AY m(K +at- YY1 -e") +a(l - be™e") (2)
where :

K = The intercept for the positive asymptote
Y = Calculated total length

a = Slope

b = Intercept

r = Exponent for rate of increase

t = Time

A trial value was then chosen for r and for each Y in the data set equation (1) was solved
iteratw%y to find t. This value for t was then substituted into equation (2) to { ,Lnd AY.
Y andAY were solved for all values of Y and the residuals expressed asg (AY - AY)e. This

process was repeated using different values of r until one showed residuals achieving their
minimum value. The curve was then fitted using Marquardt's least squares method (1963),
constrained through a hatching size of 0.31 m TL.




RESULTS

The relationship between femur diameter and total length for male crocediles from Lake
Cahora Bassa was linear (Y=13.26 X + 5.96; r=0.96; p<0.001; Figure 5). A plot of calculated
total length (Y) against the annual increment (AY) gives a wide scatter but suggests
decreased growth with increased age (Figure 6).

The computed growth curves for males and females in both Lake Kariba (Figure 7) and
Lake Cahora Bassa (Figure 8) are remarkably similar. This was expected, given that both
populations are subject to almost identical climatic conditions. Males appear to grow faster
than females and this has been established for other Nile crocodile populations (Graham,
1968; Hutton, 1984). They also appear to have more variable growth than the females.
Predictions of total length at a hypothetical 100 years of age are 3 m TL for males and 3.6
m TL for females.

DISCUSSION

Ageing animals using skeletochronolgy is a controversial technique and doubts will be
expressed as to the validity of the results. A number of assumptions need to be made
before these curves can be accepted as real, the most important of which is that laminae
are deposited annually. There may be a number of other factors which could inhibit
feeding and hence growth, such as a fluctuating food suppiy or behaviour during breeding.
These may or may not be on an annual basis. In temperate climates the laminae were
considered to be in response to seasons but this may be obscured in the tropics which often
have ill-defined and short cool periods (approximately two months in the study area).
Growth rates are also notoriously variable even within discrete populations {Hutton,
1987b) and this could lead to incorrect age estimation and erroneous growth curves.

It was not possible, after the first few years of life, to assign ages to osteoderms soley by
counting the laminae. This was because iaminae are removed and broken up by resorption
and accretion (Buffrenil, 1982). It was necessary to estimate the number of missing
laminae and this could lead to addittional errors in age estimation.

A further problem, especially for long lived animals such as crocoedilians, is validation of
the technique, In the case of the Nile crocodile there is only one known age free living
speciman. This animal had an age estimation error of 15 % at 46 years {Hutton, 1987a,b).
Clearly much more data are needed before the technique can stand up to serious critisism.

However, il we accept the limitations of the method and assume that the laminae are
deposited on an annual basis, then it is possible to discuss some of the implications of the
present growth curves.

The age at which a crocodile is capable of breeding is an important parameter which can
be used to enhance the exploitation of a wild population (Craig, et al. 1989), Current
knowledge suggests that a female Nile crocodile becomes sexually mature between 2.4 and
2.6 m TL (Cott, 196]; Hutton, 1984; Games, Zohlo and Chande, 1989). The growth curves
indicate that females mature between 12 and 20 years of age in the study area.

When the female growth ¢cnrves for the study area and Lake Ngezi (Hutton, 1987a) are
compared there is one striking difference (Figure 9). Females from Lake Ngezi take
between 25 and 35 years to attain sexual maturity, They will, however, reach a similar
maximum size. Lake Ngezi is close to Harare on the cool central plateau of Zimbabwe
and air and water temperatures are substantially lower than the Middle Zambezi valley
(summer maximum temperatures are seldom over 30°C). It is hypothesized that the lower
temperatures contribute to their slower growth rate (Hutton, 1987a).

1i4




The similarity of the independently derived curves is remarkable and it is possibie that
they approximate the growth of wild crocodiles in the study area. It could be argued, in
the case of the Cahora Bassa sample, that this is a result of mathematical manipulation of
"soft" data. The choice of the asymptotic length through which the caiculated annual
increments have been constrained is one major weakness in the method and is largely
subjective.

The "traditional” Von Bertalanffy curve asymptotes to a horizontal line. However, if curves
are fitted to the Lake Kariba data by eye it appears that there is a ¢continued slow increase
in length throughout life. This was also true for data from Lake Ngezi (Hutton, 1984). In
view of this and data and opinions of other authors (Chabreck and Joanen, 1979; Graham,
1968; Neill, 1971) it was feit that the use of a modified form of the Von Bertalanffy
equation was justified (Craig et al.).

In this study it was much more difficult to count laminae in the femur sections than in the
osteoderm sections. This was contrary to what was expected and it is unfortunate that both
sections were not collected from the shot sample.

Finally it should be mentioned that there is at least one documented case of poor
management of fish populations because of non-validation of the ageing technique
(Beamish and McFarlane, 1983). This should remind wildlife managers to treat these
growth curves with caution until better data is available.
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Figure 3. Measurements taken from osteoderm sections to estimate age.
TD = Total osteoderm depth; LD = Depth of visible laminae:
YL = Number of visitle laminae; MS = Three innermost
laminae averaged for the mean separation.

Figure 4. Measurements taken from femur sections to estimate age,
FD = Femur diameter along the longest axis;
OR = Diameter of a lamina;
IR = Diameter of the next inner lamina.
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Figure 7. Growth of male (0) and female (@) crocodiles from Lake Kariba determined by
skeletochronology. Males; K = 2.9; A = 0.021: B = 0.634; R = -0.293.
Females; K = 2.7: 4 = 0.007; B = 0.314; R = -0.226.
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Figure 8. Growth of male and female crocodiles from Lake Cahora Bassa determined by
skeletochronology. Males; K = 4.4; A = 0.002; B = 0.9; R = -0.052. )
Females; K = 3.2, A = 0.004; B=0.9: R = -0.1.
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Figure 9. Comparison of female Nile crocodile growth curves, determined by
skeletochronology, from Lakes Kariba (A), Cahora Bassa (B) and Ngezi (C).
Dotted lines indicate the age at 2.6 m total length (the size at which most wild
Nile crocodiles are thought to be capable of breeding).
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THE STATUS OF CROCODILE POPULATIONS IN FAFUA NEW GUINEA
1981 - 1988

INTRODUCTION

This paper is a repart on the current status o+ the Two
crocodile species that occur in Papua New bGuinea (M3,
Thesa are the Crocedvius poresus, the so called saltwater
or the estuarine species, and (. novaeguineae, commonliy

known as the New Guinea Freshwater species. The primary -

abjective 1is to oresent an up date to data on the status
af wild crocodile populations.

The commercial significance of these species resulbs
primarily . from the trade of their skins. which has been
going on for the last six decades {(Hollands 1986al.
Within the five vaar period prior to 1987 annual expert
sarnings from crocodile skins were in the order of $US2.6
million. This was srceeded in 1[F87 alone with an inersase
to $UST.25 million. ‘

As a develnping country, foreign e=arnings as such are
significant for PNG., The resource, however, requires
attention Lo conservation and management strakegies  in
that, with particular reference to . poroesus it has besn
subjected to depleation and population declines in  many
areas of itse distribution world-wide. Since crocodiles
are listed a3s endanaered species, but beiro commercially
valuable the nature of their trade in crocodile products
must confarm ke LCITES (Convention on Int2rnational Trade
in Endanger=ed Species of Wild Fauna and Flora)
requirements. The primary goal of requiation beina  to
ensitre sustainable vield harvests on = long  ferm basis
(Hollands 1982a, 1984a, 1985, 198ka). Bokh ot the FNE
speciasg are listed on Appendix 11 of CITES.

Whilgt the above statements emphasize the mommercial
significance of the crocodile resource in hterms  of its
value to the national budaet, the worth of the crocodiles
to the rural people of the major wetland areazs is mors
signiticant. Crocodile producks comprise the wmajor, if
not the only, income base of the swamp people. This is
because development of aoricultural cash crops would b
vary sypensive where, reference is made particularly o
the Sepik, Fly and the Gulf basing (Figure 12.




The development of the crocodile resource through various
formse o+t exploitation hes been reported olsewhsre andg
will not be revieswed here (refer Hollands 198Fa, 19354a,
1985, 198&a; Cox 1984, To achieve the ooal o+ "continous

use" of the resource without depletion of the crocodils
populations, the government and industrv have endeavoured
to improve managemant strategies throuah efficient

harvesting and monitorina o+ wild populations sinces the
late 1940= and 1%70s. With the assistance of the UNDFEFQU
preliminary monitoring work beqgan in the early 1980s, The
Government s monitoring acnlogist, Martin Hollands
developad the current monitoring proaramme and this has
been in operation since 1981. f

& number of works have detailed the ratiomale and

implementation of wvarious pragrammes both in tﬁe
development of the crocodile industry and in scientific

resaarch. The reportz include thaose by Downes (1949,
1970, 197la-b, 1974, 1978}, Lever (1279, 1%78), Hadam
(1%74), Bolton (1977, 1978, 1981). " Lever and Balson
{19781, twapena and Eolton (1982)., Graham (1980, 153171,
Braham and Reose (1981), Bolton and Laufa (19492, Hollands
{19B82a-h, 1984a-b, 1F85, 178éa-0), Hollandz and UGoudis

(1984). Important contributions 2n monitoring ard
scological research.on crocodile populations include tﬂe
works by Fernetta and Buragin (1978}, fgurgin  (1980a-

b,ieg21, 1982, Hall {1780, 1931, 1%83a~br, Granam aﬁd
Whitaker (1980, Hollands (1982a-b, 1¥&Eda-b, 1985, 158544~
B, Cox {1¥84) and Cox =t al. (1F871. [

i
Analysis of monitoring data on population brends SLn@@
1981/1982 was initially evaluated in 1982 {(Hollands,
19828 1984z2). &n early examination of the relevancy o+
data collection and analvzie followed in 19E4 (HMollands

19841p). A further raview of the aimeg and effectivensses o
the proaramme was made in %85 (Holilands, 1583:. Tha last
CS6 report was made in 19894 3¢ 230 up—date to the datsa

{Hollands, i984), The maost recent popuiation monitoring
data and resulis are reported by Cox et.al. (1787, E

This paper was prapared +or the Minth Working Meastking q+
the Crocodile Spercialist Group (CSG) held at Lae, Fapus
New . Guinea from 1% — 1 October 1988 and presants an op-
date of the 19846 report. The paper in the Ffirst instance,

outlines axploitation o f the crocodiles razoures,
population trends and envisaged monitoring activitieﬂ
Other daka of relevance on  trade and consgsrvakbi

measures are also considered.




1. EXPLOITATION

Crocodylus poresus and ¢, novaeguineas accupy mosk o+ thé
lowlands of the main PM3  landmass, whil=2t C. perosus iﬁ
belisved to be the onlv speciss in the o+tzhore islands
{Whitaker 1979, Hollands 1985), As Figure 1 zhows thers
is a very wide distribution o+ the species, particularl
on  the main landmass. ]t <=should be noted though that O,
novaeguineae’' s distribution towards the cpastal maraing
is affected by the presence of saline conditions, which
it canneot tolerate. Its distribution would not oxtend tq
the immediate coastlines but fluctuate according toa the
influx ot sSea waters and tidal movements almng  thel
coasks.,

U1

.

To appreciate exploitation af  khe gpacies it 15
worthwhile t2 note some ganeral features gf the species
in reference to FMI3 s naturs!l environments and commerecial
trade. {£. perosus iz the larger of the two species and
inhabits & much wider range. It occupies estuaries and
the wmore open-water environs of swamps and lagoons. The
species produces Lhe best skins in crocodilian leather
and products for the international market. :

L noveaguineae is  the endemic =o-called  +reshwater
spegies ko the island aof HKNew Guinsa, and  shows  Ewo
distinct popuiationz. Une occocurs in the northern porfion
aof the country. orimarily the Sepik basin, kthe other inl
the south-westzrn portion, primarily the Flv basin. Thal
distribution of . norasguineae overlaps with £, poresus,
asxcept the immediate —oastal areas.

As shown in Figure 1 therg i€ a3 very larage 2
suitable habitaty +or the crocodil=sse. fhe main a =
distribution are the Sepik, Western and BGBuls baszsing
whilst additional concentrations occur in the Lentral and
Northern Frovinces as well as the main islands. Accordina
Eey Hollandzs (19842 it was regorted that good populations
af acrocodiles abound Ffor hounting of wild skins  and
development o4 ranching activities. The prezent zituation
is veary much the same.

Whilst exploitation o+ Fhe crocodiié resource is
valuable, the problems of available stocke is aktributed
to the historical trend of harvesting., %tasicallwy,

traditional exploitation has alwavs been For food., The
introduction of commercial trade of skins and tha hunting
methods that accompanied resulted in many arese2s  being
hunted gut whilst 28 Ehe gsame time bthe mean size of Lhes
animale harvested was reduced to  very gmz2il gsizes. This
is shown in Figure 2, where there waz  an unsurge i
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FIGURE 1: Distribution of Crocodiles in Papua New Guinea
' ( Hollands, 1984b )
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FIGURE 2: Total skins exported from PNG
between 1945 - 1972 of both

C. porosus and C. novaequineae
{Based on data 1n Hollands, 1985)
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harvestas according to  khe trade data and eventually =
callapse in export n+ zkins. The main ogrobiems wars
daeclines in populations. and the breeding stock which was

shown by very small sizsd skins comprising the euports.

These problems have been addresssed by national banz on
trade of skins with commercial belly-widths o+ over 20
inches (310 mm) which was enforced in 1575 and sizes less
than 7 ilnches CIBG nm; in 1°81. Tha other major
development has been 3 gradual shift from harvest of wild
skins ko ranching activities (Hollands 1965, 1%B4a!. The
succegzful  development of ranching to—date is zhown i
Table 1.

TABLE 1: Live purchase by major ranches and farms in PNG

YEAR Z. novaeguineas O, porasus TOTAL

1979 Ie58 74 49732 1
1980 Ta&® 2141 LS _
1961 g118 2178 102048 !
1982 8607 Z279 11401 .
198= 2518 1201 4419 !
1784 32T 1442 4778

198% =L X S LOaTs ;
1986 &3T1 e K 14941 i
1987 4464 ETOL L2155 :

The drop oFf +the 1987/1%984 period was due to low market
prices., which me2ant that it was not wiable far farmsg fo
continue purchase of live animals, =and aot & decline of:

wild stocks. Apart from this live purchasze incrsassed +romi
1979-1%987 with the hinhest increases ip 19894 apd 1997 .F
Althouah a3 zmall rnumber o9+ crocodiles are  bra2d on the%
+arms. they are suypected o be insufficient to supply the

demand For a2 long kerm basis,

Experimental eqq harvests of <, porssus have  besn
conducted in the Ambunti District, East Zeciik Frovince,
since 1983 eucept for 1987. In addition Lo ths use of hhe
eqags to otitain biglogical data such as naktchability and
mortality, the exercise was conceived ko halt large scals
human predation., Hollapds (178&a) raportad @ dresmatic
decrease of the activity feom ZI0-3Z5% to only Th. Tha

impact o+f the sog haryest 13 controlied  (aovernment
scientists) by 2 selection process in that only  those|
subjected to +londs and =asy access ko human harvests
taken. The overall result pf +the activity has beer 2
continued marked decreas=s in human harvests while 3
same an increase in the hateching of eqgas o date,




2.  POPULATION TRENDS , | !
The primary considsration to the crocodile rescurce
management programme at this stage is, what sftect is the
continued harvest havinag an the wild pepulatiopns 7

|
Hollands (1982a, 1984a, 1984b, 19851 detziled the
relevancy of different data setz and their analysis from

various monitaring technigues sifnece  the monitarin¢
programmea was initiated. The paramount problems
identifiasd and which still beset the programmea(s)

includes |

i
|
(a3} Froblems due tpo "wariness" as the crocodiles ar%

still being hunted: !
iby Mozt crocodiles hreed in very heavily vegetated

haiitatss and
{ic) Data analvsis and interpretation.

i
Dther major arohlems ares limited +unds. loaistics)

equipment, manpower  and expertige. FRecoanising the
difficulties posed by the natural environments andg
logistical =zupport within the programme, it has been more
appropriate tn place oriority in identifving the
"underlvinn poplation krends which are results o
present mananement, and neot 3 detailed inventory of theiT
populakion size” (Hollands., 19R&al. |

2.1 ‘AERIAL SURVEYS

ny

The main method used to  address the problem has besn . by
annual  asrial (helicopter! rcounts o0f wild nests, whers
repeaterd counts are made on  identical censusz routes

(=5

{linegl. The data (present vear of surveyi is compared
wikh the previous vear s results, Sdjushments by habitat
weighting are made +to the raw dakta +to obtain s nesting
index which indicates the trends of populationsz in terms
of monitoring activities. i

derial neszt counts have however heen con+ined =niy to the
Middle Sepik Region besause of budast constrainks  ans
this Fregions ' s hiagh @xploikation reisative fo ohths
regions, tHollands 1985, 19¥84a: Lox 1984, Dats from the
Middle Sepik is thus used +to qQive an overszll 2icture ot
the national =ituatian.




2.11 SEPIK NEST DATA é

~om  asrial neg
2 shows the
= that tor C. D 3eingeas,
should ba noted 25 described bwv Hmllands (15842 1,
the raw data is analvsed within e#ach fabitatr tvpe ﬁy
directly comparing the nombsr of npests on identicad
routes within that habitat in the curtent surveyvy and the
praviogs survey. This is defined as the nesting index fob
that particular habitat, which iz compared anainst the
initial arbitrarv base levelz set at 100 in the éireh
year of survey ‘note Table 4, reder Hollands, 19240, Theﬁ

is October 1?81 +or €. novaeguineze and March 1982 for .
DrDsuUsE., v

The annmual raw dat
Tables 2 and 3. Tal
whilst Table T pr

t

The dats collection and amalvais also pressnt drawbnc'sh
The depariurs of exp erienced field workers and =uzparts on
the asrial survey technigue and the complekbioan o+ Ehsa
LUNEF /FAO Frnje:t in  the sarly 17580z resulited in lack oF
relevant  manpower and anp@er-tize to collesct and  analvas
the data. The conseauences nof this is reflected in Tables
2. 3 and 4 wikh particular rgigrence to O, nwwaequ:ﬁeap

in 198&, when no survevs were done. The situ o wan
cowrrected when J. T (FR Crocodile Frojecht Enpect,
indonesia) was enagaaged Lo assizt  in the O, novasguisoas
SRV EY lctober: in 19 and Lhe . ooraIus Surveys
tMarch: in 1988, r

The resultg of Mavch L9E7 +or C. porerzusr in Tables Z and
4 appear alarming in that 2 rapid ingresse of na2gf
mounts, fallowed by a marked decline i Ehe ol lowing
vear are implied. This patitern did not resclt from aohusl
population czhanaes bt trom ! Migh number ks
discrepanc155 in survey rootes and nest coupts (Tox 2k
al. 1987), These problsams wers dus (o deplovment of
inexperienced and untrained parsonnel of which +hm MNF
has noted 2nd will not apeat, Whiish the da ia
+.

included in Tables 2 is mot used in the +rnnﬁ
analvsis =hown in Fig omparisons 9f routes  and
nest counts were made aqainst the results of March 1584,
The individuwal kErsnds  shown by =ach speciss are decicted

in Figure 3.

o, pursTns shows a =teady increscse L =&

decrease (1) over the last bfwo yvears. Howevear

{154 is still w=ll 2bove the initial igve] soh

The trend theretors indicaies that this specie
recoverad considsrably, 2ithough theres have peen pariodic
but masgive habitst disturbasnces by fire during ths dr.

sgasons sincs 1984,




TABLE 2: Aerial surveys of €. porosus in the Sepik.

SITE NUMEER OF NESTS FER YEAR

1985 1787 1584 1985 [58& 1987 1988

Ewarndimbe 2 z z = a ] ]
Japandai iz X 1 = z z 7
Nuamahar n/s 2 2 2 ' 12 =
Lapangali Zcrolls n/s  1X ¥
Walman nf=z I =z 4 nss 1 =
Mambabar nsas Lk x
Wagu Lagoons 1 ia 14 = = a5 19
Kanai/Nyali/bihab 3 0 = 3 & i z
Kamiemu Scrolis 4 ) ) 2 g8 14 Q
West Kamiemu ns n/sgs nfse 4 3 10 &
Biaga Scrolls n/s n/s/= nsa 2 = e i
Kubpkain Oxbow G £ = 2 = 4 s
Fubkain Lagoons/Sqcr 7 pi 8 1o 10 2% 11
Hauna Levals I 1 0 i 2 7 =
Favangat/kKwavangqur o z 7 1 =
Myngium/Kokobagwa A 1 = 8 7 = 5
Swamp 272607 n/s nis nfs nss 1

Chambri Barat n/s ns= 2 3 S H nss
Mindimbit n/= nss 1 2 n/= n/s
Sop Barat s nss onds I e i n: =
Lapangai 1%
Frasenam 15 2 2 & 7 17 3
Frvenmas n‘g nfs ¢ 2 fss r.ss

Mote: nss  Indicates sites not surveved for that wvear
¥ Totals evclude sikes nobt survevesd in 1984

i
i
l
|




TABLE 3: Aerial surveys of C.novaeguineae nests in the

Sepik
SITE MUMBER OF MEETES FER YEAR
1981 1982 1987 (984 1985 1984 1987

Korusameri nss 2 3 nfs 2 P
Walmau Lagoon 1 1 z 1 T
Yami Yauwe o 7 2 1 5 1
Lapangai Scroll 1 4 2 1 2z I
Kwasenam 1 b -] ) ] 10
Bimba Lagoon i 4 1 4 4 1
Nyali/Kanai ] = 10 11 ) =
Kwandimbe 7 p 7 z 7 =
WagurslWasui = 2 =t 4 bt 4
Khapar EBarat i i 1 3 i 1
Fayangat 2 3 1 2 z 2
Fwimakyiyapa 13 20 20 1o ) 2
F.amiamu 10 14, 22 11 27 17
Habat (Kamiemu S.Barsat) 7 ] 1G = z 2
Sap (Scroll/Lageon n/= 4 4 2 z 4!
Swagup 7 @ 2 & = T
Biaga Scroll 3 & 4 = 2 T
Kubkain Onbow = 2 3 o] 4 1
Hubkain Scroll 0 £ = ) = b
Kubkain Lagoons 4 7 4 = i 3
Hauna Levels 11 1z @ i 16 11
Bowami Lakes 4 z G r = 1!
Swamp 272607 n/s ns= n/s 3 4 by
Yegsgsan Scroll L¥
Mumahar TK
Sop Barat Tk
Wihab L%

not survevad in (525

Note: ¥ Totals sxclude sites




TABLE 4: Crocodile nesting indices for the Sepik

A. Habitat-Nesting Indices for C.porpsus

Hahitat W/H=b Indgyr per Year

. !
1992 1987 1984 15875 1984 1587 1728
[

Lagoon Fringes GLE 10 20 74 81 71 137 74
Ov.gr Oxbows E
and Channels G.d 1O 100 1643 213 341 4A%% ?5’4
Scrall Swales 0.3 100 130 125 181 1Z1 2V0 1td

{
Habitat Weighted ?
Nesting Inde:x 100 101 27T 142 1B8  Fh2 1S4

B. Habitat-Nesting Indicesg +or C.novaequineas

Habitat W/Hab Indeyx par Yesar
1981 1982 1983 1954 18T 1984 1987
Lagoan Fringes 2,2 109 111 122 92 73S 7T
Scroll QLa o 100 1zo 1os 82 1I8 E?
Channels/Barats D.1 100 200 IS 174 Zoh 23550
Overgrown Oxbows  ¢,1 100 135 137 TR 174 177
|
|
Habitat Weighted i
Nesting Inds=x 100 tF1 1E8 2 1af =0
!
Notes: :

(a) W/HdD ~ Habitah wWeighting
(h) C.novaeguinsae surveys aof 1784 ware nobt done |
(c) C.porosus surveys of 1987 are not included in

the htrends analysis
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|
C. novagguineae, in contrast shows marked pomulatioh
"fFluctuations",. Implications are nok that there could be
Lpsurges in population inereassese and aizEe markeﬁ
declines. [t should be noted that nest-monitoring in &),
novagguineze is somewhat more complicated  than im Cp
POrosus (which prefere open environs) wher2 limitations
are imposed by the heavily vagetated bhabitats an
wariness due to continged hunting musht be appreciatsd.

The use &f aerial surveys to obtain nest counts  is
indirect in that the technigque monitors the numbgrs of
naestg and noft the population per se. For monitorine

purposes it is unfortunate that the percentage of femals
. novaeguineae that breed sach yvear depends very much on
environmental Ffactors, FRainfall and water levels arg
gspecially important because high rainfall and aubspﬂuenh
rigses floods wmost nests. This means that Filgure ¥
probably shows large fluctuations in the nesting of E
relatively stable population with 1984 and 1987 being
axtremely dryv. In 1987 the water level . wa aotual iy
vunrecorded  becavse the water lavel was below the2 base of
the gradouated pole used to measure water level., Given th

considerations abowve, we consider tha population of J
novaeguineae as heing shtabkle in the portioan of  ths
paopnilation surveved,

2.12 OTHER AREAS

Thera are many araas  whers asrial counts are ot used
due to limited fundz and logistics, The NCF sxperits ko
expand the surveys o new areas with suitabls habitats

teg. GFenolagani and Broome, 1988:. These includse +tha
major wetland arsas of fthe Ramu River (Madang Frovinece),
Central, Northern and West Sepik Frovinces.

2.2 OTHER MONITORING ACTIVITIES

In araeas whers the hahitats make asrial coun b
inefficient other monitoring techniques 2ra being
continued or will be reinstated. Thessz incluade {retar
Hollands 198Za, 1784a: -

(a) Minht spotting and  fagging survevs in th%
Central (Genolagani 19298, Hule et al 1¥88:, Baif fﬂrmomé
and Solmu, 1988), Western (Hulo, 1F88), Mor ast amd
West Sepik, and Northern Frovinces and the I Re gloﬂ
(eg. Willie and Hulo, 1988);

(b Examining "catch per unit effort” (CPRUE):r and

(=) Conducting willage intervisws,
Raw data from various surveve through the counfry ars nop
being compiled foar analysis. & major task to this reqgargd

is to identify appropriate methods for ansalysing th%
aczumulated data. i
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2.3 TRADE STATISTICS

iD

In additionm tao monitoering activities outlined sbove,
2+ the important MoNitoring parametors iz Fhrooah Tr
Statistics. The main cemponent here iz in the Docket &
system where ail licensed traders must comply with
data format provided.

o
j
=15
h

1 B

i‘l‘l.] J-

Major details of the hunker ‘not always' and his villane,
the species being traded, where it was caught (not alwavs

provided), whether the animal is  live or 960l the skim.

(includes grade!) is presented., Measurements are  also
recordad  on the belly widith=, and tetal lennath 14 live.,

The main docket records provide data on  the supply

sources, . the size ranaes and rnumber =+ animalsz harveghad
A5 well as of traders in various locslitios.

The data iz importanmt in monitoring the iive [(purchase:
supply ‘eg. Table 1) to ranches and the number of wild
skins narvested. Thase are compared in Figure 4 where ik
can be seen that ranching has reached betier development,
particularly far €. sorosus. The trade data alse monitors
the exported skins for species _both in their fotal
rnumbers fapprovimately 20,00
skins (i.e. ranched or wild) althouoh as
3 the bulk oaf the =uports are =till w

=24, W) /ysar) and =aurcs of
shown in Figurs .
Lld 2kins. In the:

1 =
case of the wild skineg the skin 51.95 have been .
cateqaarized into khe illsgal fower limir =i (o lEom
and  legal sized skinz (19-Sicm!. The iimg E] am=ter

here is that the under sized skins have | A
partion of the erports since 1981 slthmugh kR Qaory
in

was  comprising almogt S0Y% of  khe exacr*s =P
paresues  was the wmain  wicktim  then.
aragdually increasing particularly +Dr
means that there iz leszs emphzsis on
skins.

In teres of harvestz from the wild kijled g-adiles bhe
s2ize distribution ig shown in Fioure A, [* iz Shcwn that
the bulk of the harvected zize rg in the lowar c3toone

o+  between 18-23 com (apprculma* y 2R belly widthz. The
small increase towards Phe[Sﬂ {e=S%:  hald width
portion iz attributed not t5 ave ized kills but mosklw
to some tradars  havinog bhe lnﬁwledqe tn =tretoh andsore
shrinl:  skins. Tt iz evrectsd that with more input into
stat+ Eraining an  reconnition o+ such cases Fhe sugrcise
would address the situation., as  for the lower categors
sizes the increaszed develocpment of ranching is 2nvizsnad
te control the situation throuagh live purchasssz and more
rural  sducation on Ehe =conomics of =mall  skins versus
larger skivs and the impartance aof the breesding sizs

amimals.
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OXDUILE NARVEST 1977 - 1987 SIORING WILISKINS AND LIVE PURCIASE

FIGURE {:
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FIGURE 6: Size distribution of wild killed crocodiles in P.N.G
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f6n  important contention is that  the present managsment
has bheen successful =0 Far  in $ostsring and manitoring

crocodile populations +*n be viable, with particulae
referen::: to €. porosus. This means that the ztatus o+
the species on  the CITESE listing (Apependix  IIr  be

maintained.

. EXPORT_PROCEDLIRES

Recognizing +that the nature of the participants a2t kthe
maeeting is so varied, that iz, thers iz 2 contingent of
fton scientific participants, but who are wveary much
involved in the internatinnal trade. Theses include
importers, axuporters and members of the I[nternational
Traf+ic (ILCN} being present and so it is cons "dered tg
be wor!'hwhile to pressnt the euport procedures involved
in PNG. This is since PHE is +the only "leazl" and
vnrestricted exporter o+ bkoth C. roveaguineas and o
DOrQIus.,

——— e

Export Procedures

. |
The hasic esxport procedures are: }
i
(1) Exporting of arocodile =kin {ands/or live in  =zom
CASRG S are carrisd out by licensed syporter only. Thd
euport licencss are approved only byv the Minister +on

. . . |

the Department of Environment and Congservation (DECM:

I

|

|

12y #ll ewport  applications are submitted with a  lewd
pavment (Management Levv: to kthe DEC;

(3} The skins *+n he euportad are inspeched bv at laasth
two FRG Wildlife Ranaers {gazetted! where 31l laradg
and/or  amall zking in the shipment are reseasured and
graded; ’

(4} The sking are then ftaqgoed (CITES Tags!): and

(%) The application ({(Export Permit) is then approved by
the C(Conservator of Faura {(Secretar., LUED) o ertacy

the export of the shipment.
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4.  CONSERVATION MEASURES

Te enable and enhance the current status the need +or-
conservation measures are esscontizl to provide afsactive
managemsant. The primary conservation MEIRSLFrES are
cutlined below:

(1) National Lrocodile Froject ~- A= pointed out by

Hollands (19233, 19842) the role and +unctions of the
Mational Crocodile Froject (NCPR) within fthe crocodile

resourcea deveiopment industry is a2 oconservation
measura  fto monitor trends of the wild stocks and the
trade.

(2} Legizlations - Enfarcement of various lecislation
particularly the Crocodile Trade (Frotectiony A
Chapter No. 21T, Fauna (Frotection amd Control) Act,
Chapter 154 still require more emphasice., The nationai
bans of bellvy width skinsg eore than 5S1 cm and lsss
than 18 £m have contributed much o improvementz on
skin sizes for frade, gradual shift from wild kills.
and an impetus to live purchase by farms. The other
anvisaged develapment is t0 ancouraoe  traditional
laws Ethrouagh the land btenurs svstem &0 particularly
contrel poaching on traditional land.

* fl‘l

o

{3) Harvesting Strat=sqisz - r

L maior meas
through various harvesting

nths
rataoi

B 33
ige, fheea inclyg

m
i‘l' 1]

i'!

{a) Discouraging the harvest of wild skins and placing of
more emphasis on the development of ranches. The main
goal here is to allow incroased revenue but with laosz

impact on the wild populations, The schivits would
reduaces the number ot small wild skins but =
compensated by raising o+ the =zmail-live crocoediles
for higher valusd {(larger zized 2mnd high  guoality’

zkins.

() Doavelopment o+ Farmzs at present  ensurses a buy+tar
stock of some IT,000 animals being held azrozs the
country. Thess would e neseded for restocking shouid
the situation warrants it.

i) Eaq  harvests ensures nest =salvages  +vom natural
factors, such as, +ioonds, othar animals Ansd
especially human predation. The harwvest of =23as +rom

negstsz under such conditions make us
potential "wastes'" o more pro

the =o-called
i i
Lhrouvegh artificial incubation and  +fare reacing of

=] e tures
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(4)

those that successfulily hatch, The ersrc
is eon a ressarch basis a2t present wih i
snvisaged that more development is expected, Ega

= a
also collected on  farms which conduct some breeding.
The .latter though is net eupscted +to be a3 maioe
development as it would be insu+t+ficient to supplv the
demand. i

Establishment oFf crocodila reserves - A mej#r

development o porotection of the species is through
the aegtablizshment of natural ressrves. Thess rees

can  be enacted by various le=qgisliations which i
the Mational Farlks fAct, Thapter Mo.137, Conservation
Aireas fAct, Chapter No,T42, and Fauna (Protection aﬂd
Control: Act, Chapter No.l13%4. The legislations HF

have praoblems in impiementing them whera ke
Consegvation Areas Act has not  been wsed to date.
Mational Farks Tl o "appaars" ko impinge jupl
traditional ownership through =state purchase and

managemant and has met wikh problems. The Wildli+=
Management Area model under the Fauna (Protection and
Contreol}l Act has been the most successdul. This qe
where the onus of government and @;ansagement of 2
regerved 13 wvested entirely on traditional ocwners Q%
Lhe area. There are fifteen (13} declarsed WHMeE
howsver noht even one is s=cecitied +ar the crocodiles
Tha situation has warranted identification of 2l
least twelwe (12 which hawve been praposed throoaot
out the country 3z croocodile reserves.,

B

Geographigal [solation o+ Habitats -~ The natoral
snvironmentz o+fatr natural proteckion in that  =zome
areas are not accessible and hence are not subisched
to =xploiktation, They comprize 3 natorz2l  protected

stock for potential use,

a5 Ewo tvpes o+ #2aport (=2vy on
the industrvy. The « 15 khe normal PRI Castoms
Lewvy which applies g all exported CHmmodl+1=H
including crocodile=z. &n apnual sum o+ abook VAT,

is collected by the Bureauw of LCuztoms uonder +h1
levy. The second Ls the Management L=2vy, which wa
interdicted in 1987 and is the levy collected by LEL
:
h
=

Export Levy — Fhils appl
.F

The lavy hazs 2 target of K30,000 os8r vear  and =
provided 2% Appropristion Im Aid <(AIA:y in the
national hudgeat to  the DEC, The Management Levy wae
inevitable and essential for funding of wvarious
activikties of the MCP. Monies Fram the Leavy Cater
primarily for population monitoring and researcp
costs., various law aptorcement activities and
relavant administration costs. Here, i+ i
demonstrated how - the national corocedile  industry

contributes to conservation and managesment measures. |

-] !
|
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The mechanism by which the Mansasment Levy aperasra
is by rharges which ars applied on a per cen*;mntr
basis regardiess nof the arade, specises andsor  ave:
all the sizes o+ skipe. BN advantage., as a resuit =)
the Lavy ji=g +that +tha tau bLrden iz thtrez= times
arsatar on zmall low-grade skins than top qrade larqg

skins. In simple fterms the Levy discouraass trade, ok
small lnow—arade skins.

CONCL LS IONS i
It is evident from  Above that FNG is cu_u--r'as.-rﬁ:.l"I
maintaining its conservation and management cecbhjectives
Euploitation is bein =ontrolled althouah a 1ot mor
emphasis is still needed on enforcemsnt of requiations,
Fanching has developad to a higher dedree with 2 gradual
shift in wild kilils, Fopulation monitoring programmas are
continuing with an esupected expaneich to new area=, T
trends of nesting Ffor 2. pgororus is still sbove the set
level while the Ffluctuaring <, rovaegu:rneae levals aboot
the gaset level nesd mors +ield studiss. The pregent data
zrnsiders O, novaeguineae ko be sate as much o+ the

J:I

inacceasible habitats ars not surveved and hold
vnazcounted-for croccdilss. The trade data ig zigni+icant
in ensuring moanitoring of exported zkins  in ferms  o¥f
gquantity, qualtikty, and sizes  40e  internationzl trade.
Thie exercisse has enablie ©Lthe Mananemsnt Lovw o he
imprisad which contributas meac b nasdead +unds t1=la
population monitoring programmes
The much n2eded ravenue +rem the orocodile resource
comprises a component of the nrnational budget  but  wmors
importantly iz ittt worth bto Ehe Hwamp pemple 28 3 mE2ans
mf social and economic development. Continuation of ths
current  activitiss and  Hurther improvemsnts would snabla
bBetter future development ot | the indoastery whilsth
conservation and management programmes  shogld  snsors
viable populationse and speciss protection within ¥ hed
3

aoalse of the World Conseevation Stratenwv.

143




ACKNOWLEDGEMENTS

e wxt-d Dur  thanks ©To all khose who have Deen direatlj
and/or indirectly invelwved with the crocodils managemenH
programne  in FNG. These include various stest+r under the
LUNDFE/FA0  apd governmsnt persanne
fAvailabilitvy o+ varieuvs reports a
peopls have made the proagramme G
Fariicular mention is made o+ t
putlined the projections to be achisved and has formed
the basis for this report, Other reports of szianificancs
include the 19784, 1984 and the 1985 technical r2port.

1 at wvarious stages.
nd  commenbs from many
o what it is todav.
h L9BZ  reaport  which
o

This paper benefited oresatly with comnents and assistancs
by Martin Hollands ‘Ottley College, ! just priar fo the
CS6 Working Meeting For which we are sincersly orateful,
Finallvy, but not the least, mention is made especially o
the WMCP ska$f who are attempting to bridos many technical
deficiencies in all Facets of +he NCP programmes but
coniributed immens=tiy in nreparations o+ various
components af this pap=ar,

144

|
I
|
|




Bolton,

Balton,

Balton,

Bolton,

Broome,

Broome,

Burgin,

Burgin,

Burgin,

Burgin,

REFERENCES

M. (1977). Fragrezs  report of  the  Natromnai
x b

Crocediie Profect, Nem Guinez Segion., Tl
1?77, FAQ/UNDR  Praojest He, PHE/TE/GEZ7.  Fod,
Rome .

M. (1978). Crocodile +arming in Fapua New suin=a,
Journal of the Fauna Preservation Soclietw.
Orvyx. Reprint Yol., XIV. dNo.4,

|
M. (1981). Sroerodile husbandry  In Papua Ném
Fuinea. Field Borcument No.4$, FAR/UNIE FProjes
No., PHE/TH/029, FAQ, Rome.

[
M. and M. Laufa. (1982). The crocodile project ﬂn
Fapua New Guinga. Brol. Conserwv, 23 149172,

E.L. (1988). A4 grelimrinary Investigation intlo
possible profection of crecodile brsgding siter
by uzring the HWildi:¥e Hanazgemenit Area fﬁﬂﬂ?
model 1n the [Hiddie Sepik, Fapua Mew FGuinesz,
Mational Fukpuk Froject, Dept. Environment snd

Conservation, Fort Moreghy.

E.L. and G.E. Solmu. (1288). rr\fudile countr on
the Sidekoromn  and Yeoerruy Sroghs=, EIibkon:
Dizkrick  n the Gul¥ Province. Wﬂt onal Fukp@&
Froject, Dept. Ervirmament and  Uoneservatior:.

Faort Morasby.
S. (1980a). & review o+ the crocodile +2rming
Fapua RMew Guinesa. Sefence In New Guinea. 721

TE-8Y.

s. (19808). The statuz mf the biology and scology

"of Papuz New GBuinea's cracodile. Srocodvius
novaeguineae (Schmidbtl, Scrence  In dHew Curinea,

T(3rr 163-1T71.

S. {(1981). The biology and ecoloay of Jrocoayiud
poroesns (Schneider). Scierce  In Hew Guine

BilY: 9-37, !

bl

S. (1982), Crocodilds Jnd crocondile conservatidgn
in Papus New DBuinea. (op.295-300): In Morauta,
L., J. Fernetta and W. Heany. {(eds}.
Fraditinonai conzervation In fapus Mew Gurneas
implicatinns ¥or today. 1ASER, Fort Hereabq.

{pp.I252).

145




Cox, J. (198B4), JIrocadile ne:
Guinmez, Freid chu?
Mo, PNG/ 747,029, Fad,

coiogy In Fapua .’"!'e'[m
FAQRAGNQP  Profsar

Cox, J., B. Gowep and J. Wilmot. (1987).

[987 surwvevs F
crocoedrle nesting fn the Middis Sepik Rstjuﬁ,
Papua New (Guinea, Maticnal Fokouk Prgjeaﬁ,
Dept. Environment and Conservatio Fort
Moreshy . '
Downes, M. C. (19&4%F). Frotectinon Tor fhe Crocodile 2Ein
Trade, Wildiife Division Publication &7/3.
Dapt. Envyivonment and Consarvation, Farrt
Moreshby.
i
Downes, M.C. (1970). Report on  the (Crocogiie  Skin
Imdustry: Deacembayr 1370, Wildlife Dipision
Puablicatiorn Fivie D=p Environment arid
Conservation, Fort Moresgy. )
Downes, M.C. (1971a})., Repord® onp +he Hording feetipg IF
. thae Crpoodils Speciagliszts Group. Specier
‘Rurvival Commission. THOM ., Hew York:s L=
March I%71. Wildlife Division Publication 7141
Dept. Ensironment and Conseryvation, Fart
Maresh.. '
Downes, M.C. (1971ib). Mamacenent o4 Fhe  Crocodills
lndustry  in Fapus bHew Guinss. (pp.i31l~13&r: In
Anon. {ed). Troucediles. T RBubilroatgen, M,E.

o 2
35, Moraoges, Swiizo

-
&

Zupplementary #Paner Ho.
"pp. ¥

Downes, M.C. (1974, An  expizpation  oFf  fhe MHaticnal
Poiticy opn srocondiiss farming., HWildifte Diviziorn
Fublication A Leot, Environment =nd
Conservation, Fort Moreseshy.

Dawnes, M.C. (19278). Raport of the Consultant of Wildlide
Management Froarammes for Fapuas Mew Buinea,
TEI: The Crocodile Frojecht. Wridirfs  fn FPacus
New Gurpnsaz, 78017v: 1-02%.

Eaton, P. (19B&). Srass-oeots oconservatioen: Wolalr¥s
Hapagement Areas.zn Papus Mem  Fur - Land
Ttudiar Jentvre RKRepori Rasi. Univsers ot ERiz,

Fort FMorssby.

146




Genolagani, John~Mark. (1988). Craoce

the Central Provirnce:r 14-3273 n

s Frukpuk Frojsct, Lept. Enmvirnonment
Conservation, Forit Moprash.,

XY P
[ 2%
i
1]
3
[ =%
5
3
b

4
T

Genolagani, John—Mark. and E.l.. PBroome, (1988,
crocodrile nest survey of Lake Wanpum near L3
Hornbe  Province, National Fukpuk Froject, Dep
Enviranment and Conssrvation, FPort Maresby.,

ﬂr L

Braham, A. (1280). Hopitoring Workplan, FAQ/UNDP Project
Mo, PNG/TH/02R:  Assistance +to the rcrorcodiis
Fhin Industry. FAD, Fome.

Graham, A. (1981}, “appzng the pattern of creocoedil
nesting  act] wzt~ in Papua Mew fGuinea, Fieid
Yocument MNe.3J. FAQ/UNDE Project No. BHG/TE/029
FAal, FRome.
k
Braham, A. and M. Rose. (i981). Jrpeodile monitoring 5
GFulf Proviprer: 2 ground 3 2Ir A
FeIOnNAITIance, FARAUNDR Profact Fea,

PHG /747027, FAO. Homa.

Graham, A. and R. Whitaker. (1780). . novaeguIngse
nesting at Wafgar: Swams.  fimen, fop. 2t
Mational Crocodils Project, ept, Savironment
and Conservation. Fort Maoresby,

Hall, P. {(1983a). Honitoring ke MHuprav

n La HEsty
FAQ/UNDP FProfact No, PHESTL/027, Fal., Rome,

[l
4

-

Hall, P. (1980). Crocoediie nmonitoring :n Lake  Mugrras
District, Unpublished Final Aeport, FARZUNDP
Project No, PNG/74/029., Crocaodile HManagement
Froject, Dept. Primary Industrv. Fort Moreshby,

Hall, P. {(1981). Honitorirz in  fL3ke iureay District,
FAQZ/UNDP Profect Mo, PNG 77027, Crocodile
Managemean & Froject, Dept. Frimary Industry.
Fort Moreshby.

i

l
Hollands, M. (1982a). The sfatusr of crocodiis ernflaf'nri
in Papua MNow Fiinea., Crocodile Managemeni:

Froject, Dept. Frimary Industry. Port Moreshy. !
Hall, P. (1983a). Honitoring in La
FAR/UNDP FProject Nep. PNG/TL.

ke 'furr'a\; Distrioct
/029, FAD, Fome.




Hall, P. {1983b). Higtribution. abundance and
renroduction o mrpesdiies fCrpcodyius
npoyVasguInga and . porosusi o in Lake  furray

Diztrict, Papuz New Suinesz. Unpubliished ®M.Soc
! Thesis. University o2+ Idaho, USA. (pp.995.

|

1

Hollands, M. (1982a). Thes =tatus oFf <roecodile populations
In Papua New Guinsa., Crocodiles Management
Froject, Dept. Frimary [ndustrvy. Fort Morssby.

t
|

Hollands, M. (1982b). Frotectina the breeding crocodiles
' in the wild. Crocodile Hanagement Bullietin
Mo,i., Dept. Frimsry Industry, Fort HMoresby.
{pp.11-1i3}.

in  Fapua New Buinea. In Procesdings of the ath
Horking HMHeeling o the (roceediie EZpeclalist
Group the Spec'es Survival Commizsion of  the
internaticnal Lunservation ¥ Kature and
Naturzi Resources convered af Victorizs Falls,
vimbabwme andg S, Lucia Extuary, South Africas
19=30 Septamber saL. IUCH, Morges,

T,

Switzerlangd., (pp.l1—-2Z3i1.

i

|

Hallands, M. (1984a). The status of crocodile populations
;‘

t
l
|

-

[

Hollands, M. (1984b). 4 prsiipicary  sexamination  of
crocodils  pppuiation trends In “fapua Hew Suinea
From iP8I-1P84%, FPrepared ¥ur the Zewanth
Horking et ing oF the TUCN Crpcodile
Tpecializt Group, Jaracas, Venerxuelas Ootober,
ins4. Crocodils Management Frojoct, heph.
Ereimary Industry, rort Moresby.

Hollands, M. (1985). A review of mrompeifie mapagemenit In
fzpua Mo Gurneas FIMT, methods and
affectiveness. Faper presentad 3t the Techrical
Lonfterance on Crpcondiie  Mamagement: Janusry

Mansaemant

1785, larwin. Australiia. Crocodile
Proiect, Dept. Frimary Iindustry, For

Hollands, M. (198&a). Tae status of crocoedile populafion
' a A =

1
In Papuz Memw Fuinea: FREI-IRE5. Report
preparead for the Erghth Horsing Meoting of the
ITHON Crocodris Spec1airst Group, @ rta,
Eruadoer: G bpber Rl Urocndile Manasgement

= F
Froject, Dept. Frimsry Indusiry, Fort Morssby.

Hollands M. (1986b). Harsa f%¥s L. puerwesus  aest survey
and =gg hkarwvest. Crnecodilie MHanagement Froject
minukes, bept. Primary Induztry. Fort Morasby.

148




Hallands, M. and &. Goudie. (1984). Managemsnt o+ the
Crocodile indushtry in  Fapus New Gueines,. Ik
PFroceedings of fthe 7th Working teeting oFf fFhe

THCN Crocodile Tpecisiisfs Broup. Caracas.
Venezuela: Frtpber, I?gd. Faineewilla,
University of Florida, USA,.

Hulo, T.Jd., 6. BSolmu and V. Puni. (19898)., Field #rip
report: Abau  and Rign Diztricts, Central
Provincer 2 -~ 29 Harch IPE3, National Fukpuok

Froject, Dept. Environment and Conservation,
Fort Moreshy.
Hula, T.dJ. (1988). v ¥ the Lake Murrlay
area, Hestern n'HV'ﬁPE: g8 = 12 August TQQE,
Matiomal Pukpuk FProjsct, Uept. Environment apd
Conservation, Fort rloreshy.

1
Kwapena, N. and M. Bolton. (1982). The national crocodil

I
|
project in Fapus MNew Guoinea: 2 summary P
|

IR T S Iﬁ

palicy ard progress. (pp.3153-F&1. I
Proceedings of the Sth Hoerking #eeting of (b
Trocodiie Ypecialist  Group ¥ the Zpecip
Survival Cpmmissrion of the Internzfional Uribre
For CpnEervarion 0¥ Naturs Ird nafuréi
SaEources :o.wann" at Fha Florjdz IFate h:seuﬁ.
Fainesvwiliie, Florida, UEd; P Aupgosd DRED

iée z
I'ICMN,. Gland. :wlt;erlandn (pp.3097),

Lever, J. (1975}). Craocodile Siin  Industry in  Papua Hew

cuinega:s Pt fuanty  wagrsy oid. Wildiifs
Pivizion  Fubifcation TSI, Dapt, Envir:nmert

and Canservatlon, Fart Moreshew.

F
Lever, J. {(1978). Torchnical gutde—iines Foar  farpe
crocodile farms: design and ogeraiion. H;Eal:?e
b |
Nivigsipn Publticatinn 78720, Dept. Enviranmsmt
and Conservatiorn, Fort Moreshy. {
0 ¥ nerst L

Lever, J. and E. Balison. (1978). E£xcavat
» Croocodyios novzegquineas, Mati
Froject, WMildlite Civision. Viar

and Congervation, Fort Moresby.

Medem, F. (1978). Hepord o0 che surwvay  carrersd ouit an
Papuz HNawp 311!9& n 1374, Hiidiire Divizipn
SBabiroatron TEA2E, apt, Lande arnd Encironmernin,

Forkt Morsshy.

Montaque, J.J. (1981}, dJharacterrstzcs of 2 Fomedi e
popuiation o fapua  Mew Guinesa. Yrnpubizzhed
M, 8 Thesr:ia. Pichigan State Univeesity, Easgt

Langsing. HMichigan. {(pp.44&7.

1499




Montague,

Montague,

Montague,

Pernetta,

Whitaker,

Whitaker,

Willie,

J.d. (1982). #Horppemetric, injury  and g
aralysis of Crocodvylys novasgouInezs  From
Unpublizhed
Dissertation. Michigan. (pp.l128)

Fly River drainage.

J.J. (1983). Influence of waker level, bu
pressure and fabitar type
abundance in the Fly River drainage, Papu
Suinea. Biol. Conserve, 246: TO9-3Z37.,

J.d. (1984).

Crocedyigs novIeguinese from

drainages, Fapua Mew Buines,
11: 3?5-414.

Morphometric

dig =z

[m 1] croc

anaivsis
the Fly
t, WIildgl.

J.C. and S. Burgin. {(1978). Lansus of croc
gopuiations and therr axplol i
Prrars adrea {wmith an annotateg

herpeto¥auns), Purari
Hydrosiectric Scheme Enwvrr

WerZ o 14, OFFfics of Environment

Port Moresby (pp.ddl.,

R. (1979). 4 pre
croocpdile resourcs In *

AP

T
Papuz | Hewm Suinea, npubi

Environmant and Conssrvation,

R. (1980). Infterim raeport
distribution oFf crocediles
F Dooument Mo, i, F
2. FaAD, Rome., {(pp.Z5%)

T.5. and J.T. Hulo. (1988). &:i-
tr the Horth Foliomons Propvin
i?88, Wildlife Branch, Uept,.
Conservation, Fort Morssby.

ral

L
FAadsuxn= Propject Moy, PH

ooy
ot

or

L]
oI
[l ‘]

A F e

ntimn
odi%e
a Mew

Bf
River

o
eE .







STATUS OF CRECODYLUS POROSUS AND . NGV.‘IEGUZNLEAE
FOPULATIONS IN PAFUA NEW GUINEA: 1981 — 1990. l

JOHN-MARK G GENOLAGANI AND JOHN M WILMOT

|
NATIINAL CRGICDILE MANAGEHENT LiNiT E
DEFARTMENT OF ENVIRONMENT AND CONSERVATION
P O BN 52664 ‘
BiRrG¥E
NaTICHAL Carivel DISTRICT
Pufii NEk SUINEA

April 1990

PaPER  FREFARED FOR THE ToHTH WURKINE MEETING OF YHb CROLOBILE GFECIALISY GREUF OF
IUCN/SGC CUHVEREDR A7 BoijETVHLE, USA: 2T - 27 AFRIL 1970,




STATUS OF CRECHDYLUE PORGEUS  AND C. HNEYAEGH INE AE
POPULATIONS IN PAFUAQ NEW GUINEA: 1981 - 1990.

1. INTRODUCTION

Titis paper iz an updated repcrt® on
poepulations of the fhwo orocodile spe
Mew GSuinea. The species are  Jrocodvd
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TABLE 1: TOTAL LIVE FJRCHASE PBY MAJOR RANCHES AND FAFRMS
IN PNG
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FIGURE 1l: Total crocodile harvest in PNG, 1977 - 1989

{a) Crogodylus novaeguineae i

PLi

purc;:se

. Viable eggs
35 | ]/ m i[purchase

// y
wild ski

30 | / Y4 1 skins
£ / 5

y

NN
X
S\

,
Al "

- g -

154 % 778/ // / ;!
o

51 .
0 .
77 79 79 80 @81 82 83 B84 85 86 87 88 89 ! E

|

f

10 {(b) Crocodylns porosus .

Number of crocodiles harvested in thousands

N %
? Y%
[ | /A

RN

R
NN

NI
PN
NN

%
7

L] - b [T - w o
N i i .

77 78 79 80 91 82 83 84 85 86 87 88 89

Year

154



FIGURE 2: Export of crocodile skins from PNG, 1977 - 1.;989
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Even with the ocuts nentioned above wns  Fhig ovwsenaeen

recagnises the importance of the crocodils ingustre, Thys

HO4TT

has been demonstrated Dy making avaliadle nesdedg arpd
adequate funding to  carrcy Qu+ the asrizal survevs of iLhe
wild popuiations of both species, particularly +or bhe .
nuvanquineae surveve in Qo iober 1929 and the L., porosdgrs
BUrvey o March 1994, On khis note  also bhe  Mationd)
Crccadlle Management Unit INEMUY commends the Governmert
in financing the travel of fhwo ofFficers o abtend bhis

meeting.

3.2 NEBTING INDICES: 1988 - 1950

The 13788 roeport pressnted the peopulation neskting indices
for the neriocd Jdothobee [F2) tg March 1529, Swubsequant
nest gurveys conduetad since than are the £, aoraeguinede
Twrvayg LN 1988 Lox =2t al., 1F89) ang 1589 iE3=nolagani
2t al., 1F90Ca) anmd . porsasgr suryeays o March (929 areid

1950 (Benglsgeni =t 21.. L9900, j
i

Bagically, the survava foous on the anpual  sorveys Fede

active nests  which are  conted and comparaed aiong
identical survey routes inorder to determine the nesting
indices for  e@ach  species  (Hollands, 1984:, This s
conducted  in the Middle JRepik Reginm and the data used Ho

erasent 4 nations]l plcturs o+ +he wild population brends

The dabta collechtion and anaelesiz
l

(Mol landse,  L1%E4F haz  hesn aopli
PPEY,  Genolagsani st atl,. 19%0ar
Fhis wmeskimg bthe raw daitx  a2nd
fave not beeny  inciuded, evcept
Ehe  annueal neshing Erenags for
= hiawn in Table . & graphic

bl B b inhted  reezbing indicas

i Figurs T,

A decline in 1989 114
G.5% Ffor Ol
indey shnowg

v oshuoen Lo
PG i i48
with the dead T
be still wel = indicator—-lavel -
sek in March 1°8~ (Frgure T owikh oan annual inpcrasase 1n
resting by 3.3% in o= F vears),

P

Faor <. roeaegarineass, thare was an insrssse by 347 in 1288
(130 to that of 1787 37y, In 178% (117 thare was =

des Line gf 1O% from 1908, The rmalouslated value ofF 117 fop
1989 iz however aiso above the "danger" isvel of 100 seth
iry Derober 1981 wikh 9 snnuel nesting ingreasse of almes

e,

2n (1.8%% far thes nins vear psriod.




P O S 550 | Fs-) bl as 351 IET 31 [ 1T o S3JIANT JdILHOIIM LYLIdYH

TS SR PR ST L 2T a4 /87 (=) | 1 arto SMOQRD UMOLbaaAD

POS 998 vEE SOZ 41 BLE 00 00l AR S3BIEF/STAVUEYD UMOIDIBAD

T4 |74 g ari <A 201 (15 ¢ 1 £8°0 SSEAI] PUE SI{EMS [[G4I5

<01 Lo i Cé b Fatol | 11y 001 &1°0 sutbaew,/sabutis Bxen

6861 BPBAT LASGT 29461 CHAT #BAT TA&T Z841 1861
HY3IA Y34 9NILS3IN ONI LHS T 3M LY911avH

IVININGIVAON SRTAQOI0¥I HOA S3JI0NI ONILSIN-LVIIEYH 4

BF1 81 &LST B:iZ) L1 Sl PN | 101 0ot 0T SIJIIANT A3LHO13M LYliavH

TIT 931 11t (SiZ) +O1 =91 pra OG1 (a1v 3 S £5°( S3aAD] pue satems (10425

[y Forat FTIEZ w92 (£59) 9% sz =93 1 o0t L0 (838Jed) sSidUURYS

pUE SMUQXD UMOUDJIBA

P01 BOT ¥L (LT1)y L9 FL L 74 [i]= nlext 10 sutbuew/sabutay axeq
0641 686T B8&LT LALT FAST CB6T ¥BAT AT ZB&1

MUZA H3d X3aME ONILHE T IM 1Y1T19YH

SASO¥Od SNT1AGGIOND MDd SIIIONT SNILSIN-IYLIAYH v

"ONd *NOI93Y N1d435 I HAIW 3L ¥03 S3D1ANI SNILS3IN F1iao2oM] 2 378vl




0661 6361 BB6T 1861 9861 86T P86T

IO 300 IPR 390 IeW 3ID0  IWH 300  IEW 390  IeW 190 IR 3ID0 IR 390 IEW  3I0

£86T 2861 ..meﬂ!

Q...l ' . 7
sesutnbavasou -9

snsoxod D

066T U2IeW - (86T I2903ID0 : HNA ‘voThsy
A1des STPPTH 9Yl UT SaTTpoooxd JO spuary butassw t ¢ TNOI3

o8

001
0zT

ot

091

08T
00z

0zt

o¥c

AOTYA ‘IVILINI 4O 7, S¥ XJANI ONILSIN




3.3 WILD EGE HARVESTS

The other monitorinaga parameter conducted inconjunction
with the aerial nest survevs is wild egg harvests. Since
its inception in 1985 only +or £. peresces and in 1988 for

c. novaseguineas the acrtivity has mat wikth mixeﬁ
responsas, Motable features have been the continued
cooperation of landawnerz (nest ownersi who agree, for

protection of n=gts  and a percentage is harvested by thaé
Mainland Holdings Feptile Farm of Las (Hollands 19853, Uox
et al. 1989). On the other hand non landowners claim tha

the sctivity is detrimental in that wild =tocks will
decline. Currently thers iz a 1ot o+ consuitation being
made with the landownars, the Local Governm2nt. and the
provincial administrators. The activity is  now bein%
arcepted and will continue. '

The =siagnificance ar if not the important feature ot th?
wild eqgq harvest progranme 1= in providing indirect and
direct data on some aspects =2+ biolmay and raises mmré
topics Ffor field resesarch for both species  (Tos 2t al
198%, OGenolagani at al. [F90a, 19920h:, Aan  importang
informatinon obtained to date has been on  evidence of
recruitment  into the wild popolations. Thiz has baen
through comparative mean clubtch sizes and field visual
zize e==ztimartions of attendant nesting +females (Lox et al,
1989, Genolagani =2t 21, 17903, 1990b:.

4. CONCLUSIONS

The major Ffeature of this report shows that FHME'S

national oolicy and accompanying programmes  whi

towatds  the goal. of sustaipable-viesld harvesks on a long

term bhasis is aqgradually being realised. The genaral

increaze in commerecial expleitation ovwse  the 1 b ozaven
= Lond

y2are appear not  to have a detrimental impact a2 cording
ty the data presented above o0 thae status of tha wilg
populations o+t both specias. in arddition i
consarvakign-oriented wild =an harveetz is continuing and
im reinforcing nest protection B landownears i!
recogrikion of conserwvation  wvalues and  @monetary incomg

that is genesrated whilst at the same time Lthe swercise LS
a monitoring tool being used ko detect recruibment ot ned
nesting females,

Siven the data ko date, the =smrtatues o+
nopuelations af O, parpres and o 2
considered. safse and compakibie with £he cwurrent |
of, especially commercial exploitation and tharsfar
species he maintained in Appendix 1 o+ C.ILT.E.S.

Fhe  wild
. noyaegninga Are
wels

h
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SOME NEW INFORMATION ON THE VENZUELAN LLANOS HARVESTS

Stefan Gorzula,
Sustained Management Systems,
1221, Brickell Avenue, Ninth Floor,
Miami, Florida, USA.

and

Edgar Usechi,
PROFAUNA,

Ministerio del Ambiente y de los
Recursos Naturales Renovableas,
Edificio Camejeo, piso 1,
Centro Simon Bolivar,
Caracas, Venezuela.

In 1989 and 1990 PROFAUNA established harvest guotas fer
Caiman crocodilus, on privately owned cattle ranches. The basis
of these quotas were technical reports prepared by field
technicians, who were university graduates from a variety of
fields (biology, animal husbandry, agrcnomy and environmental
engineers). They were licensed to carry out caiman surveys after
having attended a three day course given by PRCFAUNA. During the
course they were trained in dry season survey methods.

The authors examined 704 reports by 83 technicians, and
found that the accuracy of reporting varied greatly. In this
paper we use a selection of the most credible reports to
estahlish some simple guidelines for future evaluations.

A preliminary selection of reports was made by examining the
reported size structures of the caiman populations on individual
ranches. In the Venezuelan Llanos large males (Life Class IV)
make up about 20% of the non-hatchling population {(Ayarzaguena,
1980; Seijas, 1986; Staton and Dixon, 1975). For the purposes of
this paper, we rejected all of the reports cf any technicians who
consistantly reported this Life Class IV as being 40% or mere. A

subsequent filtering involved reports with incomplete data or
other anomalies. The final data set included 97 reports by 18
technicians.




The relationship between the availability of permanent
water and ranch size is summarized on Figure 1. Large ranches
(20,000 hectares or more) have less than 1% of their surface area
as permanent water during the dry season, whereas small ranches
may have up to 10%. In some very small ranches, of only a few
hundred hectares the percentage may be higher still. The owners
of small ranches tend to construct more cattle ponds, dams and
borrow pits per square kilometer than exist on large ranches,
which are generally open rangeland. The anomalous point on
Figure 1 is not necessarily incorrect, but certainly indicates a
ranch that should be inspected.

The relationship between the overall density of caimans and
ranch size is on Figure 2. Large ranches have a much lower
density of caimans compared to some smaller ones. This is
probably directly related to the availability of permanent water.
Some small ranches (< 500 hectares) may have up to 1,500 non-
hatchling caimans per square kilometer. The reported densities
may well be accurate, as the caimans from tempcorary wetlands
cutside a property can concentrate in permanet water within it.

The relationship between caiman density and the availabity
of water on ranches larger than 1,000 hectares is on Figure 3.
There is a positive correlation between the overall density of
caimans and the availability of permanent water. As a first
approximation it suggests that the carrying capacity of the
Llanos wetlands would be somewhat less than 300 non—hatchling
caimans per square kilometer, but that it would only be reached
in those areas where the availability cf permanent water during
the dry season was more than 4% of that wetland area. These data
may provide an initial guide for those ranchers who wish to
improve their caiman habitat.

The reports used for these analyses estimated a total of
373,863 caimans within 10,800 sguare kilometers of ranchland.
This gives an overall mean density of 34.62 caimans per sgquare
kilometsr of Lianos, which is little more than 10% of the
potential density if water were not a limiting factor during the
dry season. It also indicates that the total population of non-
hatchling caimans in the Venezuelan Llanos would be in the order
of 1,750,000.
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Figure 1. The relationship between the availability of permanent
water (as a percentage of the ranch size) and ranch
size (in hectares) in the Venezuelan Llanos.
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Figure 2.

NON-HATCHLINGS / Km2

The relationship hetween the overall density of
spectacled caimans (in non-hatchling caimans per
kilometer of ranch) and ranch size (in hectares) in the
Venezuelan Llanos. :
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Figure 3. The relationship between the overall density of
" spectacled caimans (in non-hatchling caimans per square
kilometer of ranch) and the availability of permanent
water (as a percentage of the ranch size) in the
Venezuelan Llanos.
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SUMMARY

In this work an integral study of the skeletal muscle-
ture of the Spectacle Cayman(Caiman crgcodilug)@as real -
ized, from an alimentary viewpoint. A series of studies and
Aanalyses was done on the muscleture of fourteen specimens
of different lengths and sizes,captured in the Venezuelan
states of Apure,Barinas.,and Guarico.

The studies and analyses included: calculations of the
relative yields of four different cuts of carcass flesh in
three size groups;phvsical-chemical analvsis of three muscle
types(tail,torso,and extremities):;production of a meat flour:
microbiological analysis of the meat;developmeht of a canned
product;determination of the thermal parameters of the meat
and of the canned product.

The yields of the meat in relation to the total weight
were found to increase as a function of the size of the
individual animals.This vield in the larger animals can
approach 43% of total body weight.

The proximal analyses of the meat revealed it is rich
in protéin(about 20%) and has a low fat content(less than
1%),but is a good source of minerals such as calcium and iron.

A process was developed which permitted the creaticn of

a flour from Cayman meat. This has a high protein content(86.6%)
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and was utilized in the nutritional assays with rats.

The value of the protein efficiency ratio(P.E.R.) for
Cayman meat was 3.75 and the net protein ratio(N.P.R.) was
4.50. These values, in some cases,were greater than those
found for casein(3.55 and 4.34 respectively),confirming
the high protein quality of this meat.

Microbiological analysis revealed low or negligible levels
of the following microorganisms:mesophilic aercbes;Staphil-
gococcus aureus;total coliform; fecal coliform;yeasts/molds.
In all the cases the maximum values found were within the
safe range established for human consumption.

A canned meat product was produced,based on experiments
in pre-cooking which led to a uniform quality and a product
with an agreeable flavor and a texture similar to that of
canned fish.

Lastly, a series of studies of the heat penetration
in 211X300 cans of the meat product and also of the raw meat
was carried out. The simple heating curves in each were
Plotted and unique slopes were observed.Based on these
curves, the factor(J) and the slope(Fh) were derived. The
values found were 1.45 and 40 respectively for the developed

product and 2.20 and 29 for whole sections of the raw meat.
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INTRODUCTION

The Cayman(Caiman crocodilus) is the most abundant of
the five species of crocodiles that exist in Venezuela. It per-
tains to the sub-family Alligatorinae and is found in a wide
variety of acquatic environments in almost all parts of the
country,up to an altitude of 400 meters above sea level.

In 1982,after a twelve-vear ban on the hunting of the
Cayman, the Ministry of the Environment and Renewable Natural
Resources established an experimental season for the commercial
harvest of the species. Earlier preliminary investigation had
confirmed that ample Cayman populations existed and would
support an experimental program.

- #1PUntil now,crocodiles have been exploited for their
skin,principally. The worldwide market demand for is esti-
mated at some two million skins per year. Of this total,
about 75% are Cayman skins from South America.

The benefits of a rational harvest of wild fauna are
many:scientific research;cultural/recreational activities:
and the production of consumer goods such as leather and meat.

The food erisis that affects Third World countries,
and in particular,Latin American nations,makes critical the

maxXimum utilization of available food resources. The global

possibilities to develop the production of new sources




of animal protein are limited.

Cayman meat,like that of many other vertabrates of our
autoctonous fauna,represents an interesting source of high
quality animal protein. Ufgent Sscientific studies are requir-
ed for this species,in all disciplines,which will permit the

development of adequate technologies for its management and

conservatiom:
=7 A (2
— The main objective of this work is a complete study, from

an alimentary viewpoint,of the skeletal musclature of the Cayman.
o™\

To achieve this*and fourteen Cayman specimens of
different size and weight were studied. They were captured in
the Venezuelan states of Apure,Barinas,and Quarico?This being-
the . first alimentary study of this species,the most important
aspects were addressed that would afford a complete comparison
with other meats traditionally consumed in Venezuela.

First,a study of the total and partial vields of the
meat was done. This included four different cuts of meat and =
three separate size groups of Cavman specimens.

Second, the chemical composition of the meat was determin-
ed by proximal analysis{water,protein, fat.ash)for three
types of musclature in ten of the specimens. The mineral
content was also calculated for important nutritional factors
such as calcium, iron, phosphorous,amgnesiumzine, sodium, and
potassium.

— -Third, the microbe count of the meat was measured. Various

microbiological assays common to alimentary science were done:
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g\,.(;.. P i,
(N.M.P.) of coliform and fecal coliform;Staphvlococcus

count ;mesophylic aerobe count;yveast/mold count.

Fourth,a nutritional assay was done to determine the
quality of the protein in Cavman meat. For this,a meat flour
was prepared,using all types of skeletal muscles from various
specimens. Later.,a control diet was formulated,whqse primary
protein source was casein.An experimental diet was also
formulated,using Cayman meat flour as the main protein source.
These diets were administered to two groups of laboratory
rats who were later compared for the gain in body weight
and protein consumption during a two week period.as a
parallel, a group of animals were fed a diet without protein.

‘'~ ™. Lastly.,a study of the canning and heat processing |
method was carried out. This method is crucial for the
preservation and commercialization of Cavman meat. various

A fle

preliminary tests were realized-for the canning of raw meat.
Further tests were done in pre-cooking the meat to improve
the product. A study of the heat penetration of the meat
assisted the determination of the thermal characteristics
of the meat product. The processing time(Bb) was calculated
as well as the value of sterilization process(Fo). This
study was also performed with whole meat pieces,without
pre-cooking, te establish the thermal parameters of Cayman

meat for future research. To confirm the derived data,

a test of commercial sterility was applied.
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The Method of Crocodile Hatching adopted in Arba Minch
Crocodile Farm, Ethiopia
Tadesse Hailu (Bsc, PGD}, Wildlife Farms co-ordinator, Ethiopian
Wildlife Conservation Organisation, P.0. Box 386, Addis Ababa,
Ethiopia

March 1990

1. Introduction

Arba Minch Crocodile Farm was established in mid 1984 mainly for the
commercial wutilisation of WNile e¢rocodiles (Crocedylus  niloticus
Laurenti 1768) of Lake Abaya and Lake Chamo.

The farm is situated at the western end of a piece of land separating
Lake BAbaya from Lake Chamo. It lies on the extreme south-western shore
of Lake Abaya about six kilometers away from Arba Minch, the ecapital
of North Omo Region (Annex 1). It has an area of about 3 hectares of
land and its gradient is very gentle sloping towards Lake Abaya which
is some 500 meters away from the site.

Twenty years ago, there was a commercial hunting concession operating
- crocodile hunting all over the rivers and lakes of Ethiopia. By that
time the crocodile resource had been hunted to the extent at which
this commercial operation could no longer continue. As a result,
crocodile hunting on a commercial scale ceased {Bolton 1983, Hutton,
1988). Because of the action taken, there followed an increase in the
crocodile population in the lakes and rivers of Ethiopia. As an added
protective measure, and also to benefit from the commercial demand for
crocodile skin, Arba Minch Crocodile Farm was set up by the Ethiopian
Wildlife Conservation Organisation of the Ministry of Agriculture,
being materially and technically assisted by FARO/UNDP of the United
Nations.

The objectives of the farm are :-

- to collect crocodile eggs and hatchlings each year in order to
produce crocodile skins and meat,

- to generate revenues in foreign exchange from the sales of
crocedile skins, meat and curios,

- to restock 10% of the farmed crocodiles into all ideal lakes
and rivers of the country when they are able to defend
themselves against their enemies,

- to provide local tanneries with raw skins, and

- to provide job opportunities for unemployed citizens.
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At the early stage of the crocedile farming operation, lack of
expertise and farming facilities had some devastating consequences.
But, at present, managerial experiences and adjustments made for all
the crocodile requirements have resulted in running a successful
crocodile farming operation.

2. Objective of the study

The objective of this work is to establish a cost-efficient method of
acquiring better hatchling stock for the farm.

3. The methods used in obtaining hatchling stock

3.1 Eqg collection & artifieial incubaticon

The crocodile farming operation in Arba Minch commenced with the
collection of crocodile eggs from the shores of L. Bbaya and L. Chamo
for the first two years.

As stated by Bolton (1984),in the first hatching operation, in 1985,
crocodile eggs collected from the wild were incubated in styrofoam
boxes half-filled with moistened sand. During this time there was no
electricity in the vicinity, and the source of heat was charcoal., By
using two locally made burners, charcoal was constantly burned day and
night to raise the hatchery air temperature, which in turn heated the
incubation media and helped to maintain the temperature between 28 -
34°C, the required temperature range mentioned by Pooley (1971) as
cited by Bolton, 1981, Two burners were engaged at a time in order to
keep the temperature always above 28°C and one burner was used when
the temperature was about to exceed 34°C. Humidification was achieved
by wetting the floor of the hatchery and sprinkling water over each
box once a day at mid-day.

In the second hatching operation, in 1986, the method practiced was
almost the same as the last method. The differences noted this time
were that a large number of eggs were collected (Annex 2) and the
heating was facilitated by electricity., Six bulbs (250 watts each), 3
in one row and the other 3 on the opposite row of the ceiling, were
installed in the hatchery. Beoth rows had independent switches for
regulating the temperature between 28 and 34°C. When the temperature
of the hatchery was about to drop below 28°C, both rows of bulbs were
switched on, and when the temperature was about to exceed 34°C only
one row was switched on. Humidification was done in the same manner as
stated above, trying to keep the humidity above 95%.

3.2 Collection of hatchlings after natural emergence

This method has been practiced from 1987 to date using the following
procedures, Pre-identified communal nesting sites were cleared of
bushes and fishermen one month ahead of the egg~laying season so as to
attract mother crocodiles to the site. The nature of the major
communal sites was sandy, and sometimes fine valcanic ash on the
island. During the time of egg searching, nests easily identified by
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direct visual observation were marked with a piece of stick each. The
rest of the site was then thoroughly searched by using a spade to
carefully meve sand from one end until the whole communal nesting area
had been searched.

Whenever a nest with crocodile eggs was encountered a stick marker was
then placed in the middle of the nest so as to easily know the number
and location of nests identified. Finally in each communal site, all
nests identified and marked were covered by piling stones over them so
as to protect the nests from predation. The same procedure was
repeated every ten days in all the nesting sites until! the number of
nests identified were found to be encugh to provide the annual
required hatchling quota. The nest watchmen were assigned to all major
sites until the time of hatching, in order tc protect nests from
predators and also to listen to the hatchlings' calls and to unearth
the eggs for hatching. Nests were contrclled and protected from
predators from a locally made watch tower and sometimes from a tent,

Listening €for the hatchlings' calls was carried out at dusk and dawn
in early March. The nests were usually opened two days after the first
call was heard, to avoid premature hatching. Self-emerged and assisted
hatchlings were then collected soon after hatching and kept in open
styrofoam boxes (40x60 cms) under shade until they were transported to
the farm. Most of the communal nesting sites were accessible by road
while quite a few were accessed by boat. At the time of hatching,
hatchlings. kept in ventilated styrofcam boxes were transported daily
by a Toyota pick-up from all nesting areas to the farm nursery where
they were allowed to stay for 72 hours. The nursery was heated with
six bulbs {250 watts each) maintaining a maximum temperature of 34°C.
After 72 hours, hatchlings were taken from the nursery to the
hatchling ponds where they spent cne full year.

4. Results and discussion

As shown in Annex 2, results obtained suggest that the latter method
was found to be a cost-efficient method of cbtaining better crocodile
stock. Unlike the hatchlings emerged by artificial incubation, most of
the wild-hatched hatchlings were found to be much stronger, heavier
and healthier with a better chance of survival.

In the course of this study the outcomes obtained of artificial
incubation were not attractive as compared to the method of collection
of naturally-hatched hatchlings from protected nests in the wild. In
fact, the percent hatching success cbtained was satisfactory, but
emerged hatchlings were found to be weaker with poor survival
condition possibly due to incubation temperature and  humidity
fluctuations brought about by poor incubation facilities. In general
artificial incubation practiced in the first two years of crocodile
hatching operations were cumbersome and required close day and night
supervision for the regulation of incubation media temperature and
humidity besides elevating the cost of heating. The procedure of egg
handling and arrangement in incubaticn boxes, necessity of c¢ollecting
eggs out of direct sunlight, and transportation over the rough roads
were also cther challenging tasks that forced the farm to abandon the
method and devise another method. Hence, from 1987 to date, hatchlings
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have been collected and transported to the farm from protected nests,
and no major problem has been encountered since this method was
adopted.

5, Conelusion

Crocodiles of Lake Abaya and Lake Chamo mostly use common nesting
grounds and they have the habit of visiting the same site every year
without abandoning it. This makes the annual egg searching and
protection activity so much easier and both jobs are covered by a few
labourers. As a result, in Arba Minch Crocodile Farm, the method of
collection of naturally-hatched hatchlings from protected nests in the
wild has been adopted as the most reliable cost-efficient method of
acquiring healthy hatchling stock. In so doing, it is believed that
there will be no detrimental effect on the population of wild
crocodiles sc long as a reasonable percentage of young crocodiles are
annually restocked.
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Annex 3.  Chart comparing the two methods of obtaining crocedile

1. Egg collection and

hatchling stock practiced in Arba Minch Crocodile Farm

Artificial incubatien

Advantages:

No predation risk.
Very good percent hatching success.

Disadvantages:

High cost of heating during incubation.

Incubation needs constant supervision.

Inconsistency of incubation temperature and humidity.

Problem of heat in case of power failure.

Poor hatchling survival.

Requirement of variocus expensive equipment for egg collection
and incubation.

Relatively highly paid skilled labourers for egg collection,
incubation and supervision.

Problem of egg transportation over rough roads.

Advantages:

Disadvantages:

No cost of heating.
Low paid labourers for egg searching, protection & hatchling
collection.

No routine supervision.

Very good percent hatching success.

Requires simple, cheap equipment.

Healthy hatchling with better survival condition.

Low predation risk.
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Annex i. Figure ahcuing the location of Arba Minch Crocodile Farm (AMCE)
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THE AMERICAN ALLIGATOR: DOLLARS & SENSE
(Remaining Inconsistencies in the Industry)

by
DAVID B. HAIRE III
American Tanning & Leather Co.

312 W. Solomon St.
Griffin, GA 30223

In 1978 I graduated with a B.S5. degree in Zoology from
the University of Georgia, which gave me an understanding of
the anatomy and physiology of wildlife along with an
appreciation of the vital role it plays in the ecology of
this planet and its place in the hearts and minds of man.

Shortly after that I obtained employment with a company
which participated in the utilization of renewable wildlife
resources. Since that time I have enjoyed the rewarding and
responsible experience that parallels both facets, which some
would define as stewardship.

In the past 10 years I have observed numerous
inconsistencies in the trade which I feel are worth noting.
Today I wish to speak to you of the inconsistencies I see in
a trade which utilizes a gpecies which fills a most valuable
part maintaining habitat and balance in nature along with
giving us the most exquisite of classical leathers: The
American Alligator.

Just as every cook goes by different recipes it would
seem the case with alligator farming techniques, especially
as they pertain to nutrition. Through my vears as a raw skin

buyer and grader and later as a tanner, I have seen varying
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degrees of hide gualities among the alligator skins from
different areas and particularly from different farms. The
diverse make~up of hide protein from one farm to another has
been extreme in the same species. I have handled groups of
skins that possessed excellent hide substance, skin that felt
full and lively and exhibited a natural bombe. In contrast I
have handled skins whose substance was so poor they felt
flaccid and lifeless, serving as a poor mimic to their other
counterparts. This disparity, in my opinicon, is due to the
lack of a set of nutritional guidelines to be followed within
the association of alligator farming.

Along with the increased demand for alligator skins, a
decrease in gquality as it pertains to both wild and
commercially raised skins has arisen. With the elimination
of grading practices in taking wild skins from trappers by
buyers, the incentive to produce a prime hide was undermined.
Thére has been increased flaying damage during skinning along
with 1increased putrefaction due to the presence of excess
flesh and fat left on the hides before curing. With so much
demand farms boosted production and farm populations grew,
however there wasn't a corresponding increase in the number
of rearing pens nor adequate addition of equilibrium or
stabilization ponds. This lack of expansion did not allow
the animals' metabolism to adjust to a normal rate which is
needed to produce a more natural hide substance and skin
proportion and to eliminate undue scarring, stress and

scabbing among the animals. If not remedied scon, I predict
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the international grading of farmed gators will expand upward
to include of the gular area and downward pass the cloacal
opening to include the upper half of the tail. Also one has
to admit that in farm and wild alike the 1legs of the
alligator still are many times skinned improperly, limiting
the wuse of the leather from the legs as it lends itself to
finished goods. The knees and elbows should always be split
to lay on either side with the useable small grain portion to
the center. A properly skinned 1leg will exhibit a black
stripe on either side with a vellow one on center.

Because of the incidence of red heat in the past and for
the somewhat extensive elbow grease employed in wet salting
raw alligator skins, it has become quite the norm to brine
the skins. This method is good only if certain controls are
met and held relatively conétant. Concentrations of salt
should equal 97% with bath temperatures never exceeding 85 F.
Also there should never be any addition of organics or
inorganics which may lead to the decomposition of the hide or
the interference of subsequent soaking, beaming or tanning
operations. In weak brine concentrations one can expect to
experience skin degradation through the presence of
proteolytic bacteria which will promote loose,
flaccid and lifeless hides and the leather thereof. Even in
the case of saturated brines (those with increased
temperatures and time) the hides will become stagnant and
begin to house halophilic bacteria which exist in high salt

concentrations. Like the proteolytic bacteria, halophilic
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bacteria can digest the hide substance lessening its strength
and gquality.

Many trappers and farmers have addressed this problem by
the addition of a disinfectant to their brine in the form of
bleach and sometimes even formaldehyde. It is possible to do
irreparable damage to skins as they lend themselves to
leather with the addition of these products. In high
concentrations, which are sometimes needed to counteract the
organics in a stagnant brine, bleach can not only oxidize
natural fats in the hide so that they are difficult to
degrease during tanning, which by the way can lead to uneven
tanning and unlevel dyeing, but it can, in fact, oxidize the
skin, weakening it, giving it a poor surface and ruining the
texture of the grain. Addition of formaldehyde to brine to
mask pungent odors of rancid skins can actually pre-tan the
skin, set the scale on and destroy the value of the hide. I
have experienced both problems with brined hides and have
spoken at length with Dean T. Dinato, Leather Specialist at
Buckman's Laboratories, to secure a microocrganism control for
both brine and dry salt systems used in preserving hides.
This information accompanies this paper. Any future
information will be obtainable from Crocodile Specialist
Group, whom I will keep updated.

Another source of concern 1is producers of alligator
skins have not been educated to the best location and
technique for attaching the U.S. Fish & Wildlife CITES tag.

This has been a cause of great frustration for tanners and
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exporters along with Fish & Wildlife in their efforts to
maintain control. After discussions with Dennis David of the
Florida Department of Natural Rescurces, I suggested a
tagging procedure which has since been wutilized within the
Florida Alligator Program.

The procedure is to place the tags medially in and out
through the edges of the keeled bottom of the tail approx-
imately 3-4 inches from the end. Attached in this location
the tags seldom ever break, pull out or tear out during
nermal handling and tanning procedures. Also it is not at
all difficult to place the tag in the skin at this location
even if the carcass 1is intact. Although there is still a
need to strengthen the tags presently being used, this method
would help eliminate broken seals and decrease unnecessary
seizures of skins by U.3. Fish & Wildlife due tc broken tags.

Today the raw alligator business is riding a wave.
Because of high demand skins of even average or lesser
qualities are bringing high prices. We must be apprised of
the  fact that not only are more and more international farm
operations being established for the commercial harvest of
classic crocodile skins, but in time we will see better
management and law enforcement become more intact in
countries where it didn't exist before, thus opening up trade
for indigenous crocodilian thereof within the guidelines of
CITES. And I predict that some of which will be naturally
better guality skin as it 1lends itself +to the classical

leather and the product thereof.
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It is essential that all inceonsistencies be eliminated
within the alligator trade. It must be a clean business
providing the market with gquality skins from a well managed
and unifoermly enforced natural rescurce. I can remenmher not
so long ago when high supply coupled with a high dollar sent
alligator skin prices plummeting to $8 to $10. Prices
approaching those again would send the trappers to the hills
and the farmers to the mercy of their creditors. We cannot
be complacent in the wealth of our mediocrity today, while
hoping these conditions won't return. We each share a
concern for the well-being and longevity of this resource and
trade. 5o we should all strive to guarantee its fruitful
existence by utilizing a shared directory and knowledge in
order to achieve a common geal of quality and responsibility
throughout the industry without which we not only suffer in a
financial sense, we will suffer much greater losses. For we
have all witnessed the mighty blow the fur industry has taken
from the psuedo-environmentalist by not being responsive to
educating the general public with the true meaning of
stewardship toward all of our natural resources. Let us not
fall under the same demise but flourish with sound manage-

ment, technigques and genuine concern for the industry.

"In the race for quality, there is no finish line."
David T. Kearns
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IptTroQuetion

wnen an &l ilgatcr researcn and managment program was
irittiateq 1n the MIG-i¥7UsS oy tne FloriqQa Game ang
rresnwater Fisn Commission (GFC, it was assumed trom the
oeginning tnat a sustained narvest of aiiigators of some
magniltuqae was possipie. Seconqiy, It was pelleveq that the
commercial vaiue Qrf aliigators and other recognlized values
(i.e. ecoioglcal. estnestic, cuitural’ needa not pe mutually
excluslive., However, 1t was cliear that these two assumptlons
WoUuiQ pe correct only if narvest rates were pased upon the
pioioglgal apliiity of aiiigator popuiations to sustain
narvest ang ¢ontinue to tunctlion as a vital part ot the
system.

1o estaplisn ang maintain a narvest program pased upon
Dioigoglcal consideratlions, an approach dltferent from most
past erforts was necessary. A review of croceailian
exploitation, prior to 1970, revealed that harvest pressure
nad peen driven soiely by economic forces. ruthermore, no
portion ot the protits gerived from such harvests were
regturneq o the management and conservation of the species,

The pniiosopny of sustained vield management that is
incorporateqQ (nto ail United States alligator management
programs nas undoubteqiy resuited from the proad wiidiire
management pnileosopny that has been the basis for mucn of
uniteq States wiialife conservation. Most wiidiite research
and management in tne United States has peen directed toward
POpU I Ar game gpecies over the last S0 years. AR important
torce penind tnese erfforts nas opeen sStrong speclal interest
Qroups WNo pliaceda nigh vaiue On particuiar species or groups
Cr specles. pucn of this vaiue, particuiariy itn the eariy
gays hingea upon the prospact that the poiitical agtion.
rinanclal contriputicns, ana voluntary taxatlion agvocated by
nese groups woluild L1Nsure the continued opportunity o
narvest tnese animais tor sport. The continued nunting
OEPOrtUNItY fOr a whole myriad ot species 1n the Uniteg
otates nas resuitea in millions of aollars being put into
researcn ang management, miilllons of acres set asiae ror
wiigllte, and thousanas of professional wildlife
COnServationists, futhermore, this large inira-struciure
O proressionals and special interest groups playveg a vital
roie In tne proader envircnmental movement AQUring tne jast
U years.

it was agalnst this packgrouna that the present
approacn to allilgator gnanagement was gevejiopeq in ficriga.
ine 1qQea that the user pay a large part of the bill for
conservatlion was nothing new. Vaiue-aqoed conservation nag
targely oullt wiidlite conservation in the United States.

in spite of cpvicus similarities petween alligaters ana
many traaitionail game gpecies it was aliso recognizeg that
tnere were some signiticant cifferences. No jarge group ot
organized users, dedic¢ated to crocodliian conservation
existed. True, there was & smaii group degicated to
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crocodlllan conservation. and wnen aliigators were reputeqa
Lo Pe engqangersd the =nvIrohNmental cCommunity rallied to
tnelr support. Butl, wnen 1t became clear that aliigators
WEre NOot endangereg,. mMuch Of the sSupport from the latter
group subsidaea, Jonverseiy, there were nundreas of peopie
In rlori@a (nunters, nige puyers, tarmers, etc.) wnose
Motives ranged, IrCCM pure MONetary protit, to a mix of the
Prorlt motlve ana sStrong cuitural ties to the alilgator.
BUT, tney were not organizea and certainly aia not sSpeak
wiih one voice. Another impeortant gifference was that we
were cealing with an economicaily valuabie species, which
had the potential to generate consideraple profit ror
ingiviauals. Futhermore, [t was assumed economic activity
would propabiy pe sutficient to attract ocutsice capital tfor
lnvestment In some pnases of the alligator industry.
Clear:y, tne posSsipbility aiways existed, and stilli exists
IOr narvest to pe ariven by the guest for snort-term
ProOriis. ratnher than a cloiogicalily souna approach.
Lonsequentiy, an Infra-structure, tQ insure that true
Sustalneq Yleiq management pbe cont:i:nuaily impiementea. was
necessary.

ine 1dea of economic feeaback resulting from ailigazor
narvest (value-aaced consServation’ nas expanded Since it was
arvicu:iatea in some of the early GFC alligator management
pians. 1 propose that the feeapack has the potential of
aecuring 1n three sSeparate areas. The economic value is
most opV1IousS and the one wnich has peen discussed Mast.
lled very closeiy is the political voice whicn nas developed
23S a result ot thne vested interest of peopie supporting
Sustalneaq alligator expioitation. Third, is the growth of
tne professional cadre wnose MaJor purpose 1S the protection
anga management of ailigators.

Ine opjective of this paper IS to examine tnose tnree
afeas ana discuss the valiaity of pasing a pubiic
crocodlilan conservatlion program upon the pniloscphical
tenet tnat commerciai exploitation can be a positive force
IOr tnelr conservation and management.

current Alligator Management

Fiorida-s aliigator management program inciuges (1l tne
narvest of four foot and larger aliigators from pupiic
waters, (2Z; the collection of natchlings from pubiic waters,
(3J the coliection Of eggs from public waters ang t4) the
narvest of Iour reet and iarger aliigators anda the
coiiection or hatcnlings ana eggs from private ianas. In
aqaitlion tne Game and freshwater Fish Commission (SFCS
aiiows narvegt of nuisance ailigators ana regulates
aiil1gator tarming wnicn benefits from many Of the previousiy
menticoned programs. Prior to the present expandea program
inere was an experimental egg ana hatchling removal project.
an experimentai aquit harvest and an ailigator nuisance
project.




EACOnomic reedpack

Before an expandeq harvest was permitted in Florida, a
System Or |lcense andg rees was estaplisned, The obiective
was Lo generate revenue to go to the GFC to offset the cost
Ot alllgator research and management. There was some level
adr taxation piaceq upon every aspect of ailigator
explgitation. The revenue generated by the eariier
experimentai programs will be enumerated later. But the
aMOUNt or Mmoney mage availaple to the state by the expandecd
narvest versus GFC expenditures during the same period is
probapiy one ©f the mere important comparisons. During the
IWwo vears of the expanded program 1988 ana L98%9) a harvest
0T S.243 anda s,.U0d3l, tour toot ang larger animais andg, 4,302
ang Y .887 eggys was acnieved on puplic lanas. On private
iafigs quring tne same period there were 180 and 577 four
TO0C animais taken in 1988 anag 1989, respectively. There
were also (68 and L,l66 eggs taxken from these same |anas.
Kevenues totaled $384,005.00 for L9988 and $392,485.00 for
i?gy (GFU recoras’. The total expenditure on research and
management, ny the GFC, auring this two year pericg was
$718,000.00 (GFC recoras: (tapie i1;. For the 1988 ana 1989
periog revenues generated by the program have offset 84% of
the researcn and management costs within the agency.

From L1978 through 987 money has also been returned to
the GFC via the percentage charged nuisance trappers on each
sxin they marketed. This harvest has gone from 1,871 to
4,46< 1N 1¥88 (tapie 2,7 (Jennings !%$89>. This has generated
revenue of approximately $125,000.00 to $300,000.00 per
year. Futhermore, pased on eariy evaluations of the program
tne agency saved approximately $1006,000.00 per year oy
aliowlng private trappers rather than wiiclife otftficers to
take care Qf nuisance propiems (Hines and wooaward L380).

Since 198l aliigator tarmers in Florida interested in
recei1ving natcnlings trom the wilg, as well as, contriouting
TO an ungerstanaing of the effects ot eariy age class
eXpPIeItatlon nave ftunced a cooperative GFC-University of
rioriaa stuay. The major cpjective Nas been to qetermine
Tne impact Qr nateniing ana egg removal upeon the gaynamics of
ailigator popuiations. This has peen carried cut py
actuai iy removing hatchlings or eggs and attempting to
measure the impact (Jenpnings et.al lv88,. rrom (981 througn
L7979 rarmers nave recejived approximately 32,000 hactcehlings
IrCom the program and, in return for those, they nave
contriputea $513,593.00 back to the resgsearch (pers. comm.
rercivais. in essence, ihe farmers have paic the University
ot Floridga to conaduct the researcn that GFC uses to reguiate
thelir nharvests.

Jtner monies nave peen donated to the University of
Figriga s 3chool ot Veterinary Medicine (SVM) for studies
concerning aiiigator nuskanary techniques. Wwhile this money
was not Qlrectiy generated Dy any type of wild harvest it is
Uniikely tnat the money would have peen availaple had it not
peen ror the sStatewide management program which made eggs

189




and natceniings availaple to the farmers. Elther by direct
granis rrom alllgator tarmecs o fOOM QLNEr entities the S5VH
Nas trom L¥Y77 Untii the present received $126,000.00

LLarael thae pers. COmm. ;.

iV wWas In tne area of private |anas manangement wnere
€ariy on it w&s Ttnougnt that alligator manangement mignt
nave direct impact upon |lana management decisions (Jennings
lygvs., Many lana managers, particularly ranchers, regarg
tne ailiigator as a nuisance which may cause economic loss
througn aqepredation of iivestock. Alilgators occupy
WetlanQs that sometimes are considered vajluaple grazing itandg
ana in other cases may pe more valuable if drained. Timper
companies own large tracts in Floriga, which may be 25% to
35% wetlanas. These wetlanas are of littie direct value to
tne companies except for wildlife leages, which are
currentiy valued at $..50 to $4.00 per acre.

buring L¥8%9 there were 21 participants (Jennings 1989.)
lnvolved i1n the private land alligator program at some jevel
(table &). [ was directly involved with three |andowners
wWno wanted 1O manage ailigators to increase revenues on
marginal lana. There is a wide array of langdowner attituaes
and alligator hapitat quality statewide, put I have eiectedq
TO present data irom these three, which may give some
preiiminary Insight into the economic potential of
alilgators on private lands.

Tract #! is a part of a ranch, iocatea in north central
florida. tnat is devoted to cattie ana timber. One portion
or Inls area ccontalnea a 1,583 acre marsn, which was
ciassirled as apove average aliigator hapitat. The entire
&rea nad. at one time, peen very good alligator napitat ana
wWas more tnan twice the size of the present marsh. 1In
excess or <,U00 acres haa previousiy been grainea to provice
cattie grazing. This area managed for ailigators containec
le.l acres of canai, 70 acres of shallow iakes, 1,23% acres
Of permanent marsn ana 263.5 acres of intermittent marsn.
Lue to arier than normal conditions in 1989 mucn of wnat was
consicereq permanent marsn aisc dried up. HNightlignt survey
Qata sSubmitted to the GFC resulted in 42 harvest tags peing
ISsued tor four feet and larger animais or one tag per
37 acres. in aadition, hatchling surveys later in the vear
resulteq in a harvest quota of 80 hatchlings. There were
three types of harvests on this property. There were five
tropny animais taken auring the spring, ang thirty-seven
tour foQt anmiais and 80 hatchiings taken during tne tfail
navest perioa. Because the [anaowner carriea out tne faii
narvest, ne received a greater snare of the total proceeas
inan tne owners of Iract #Z and Tract #3. However, in oraqer
T0 compare TNisS property witn the others, we wiil present
tne economic @ata {n the same manner as Tract #2 ang Tract
3.

Totai net revenue (after tags ana license) for Tract #l
was $i7,474,U0,. resuiting in a totai net income (peiore
nunting costsy) or Bi!l.0Z per acre. However, upder the same




scenarlo as Tracts #2 ang #3, the (andowner's share would pe
4,40 per acre {(taple 4),

Iract %z was a 36,000 acre property managed as a
commericai forest, where the major (ncome is cerived from
Tne sale oI wWood procaucts. Hunting ieases provide
approximately $3.00 per acre. The general hapitat type is
typlcai hNortn Florida tlatwooas. There were 9,348 acres of
wetjianas deiiniated of which [1l.3 acres were borrow pits,
l.28:L acres ¢f shalliow lakes, 452 acres of seascnally
rioogeq grass ponas, 5,919 acres of cypress ponds ang r34
acres ©Qr permanent marsn. Allightor habitat was ciassifieqa
as average. Nigntilgnht surveys submltted to the GFC resulted
in a gquota of 8Bz tags for animais four feet and larger or
one tag per il4 acres. Hatchiing surveys were limited put
generatad & guota of 80 hatchlings.

Ut the 8Z animais narvested, three were taken oy tropny
nunters. Ail remaining tags were filled during tne general
commerical narvest. The total income atffer processing,
valigation, and sale costs on tne tour feet and larger
anials was $27,003.44 or $329.31 per ailllgator. In
agaition, $800.60, atter tag fees, was qgerived from
natenlings for a total net revenue of $27,803.44 or 32,97
per acre. 1Tne ianqQowner snare was #1.21 per acre (tabie 4.

ITract #3 was also commercial timber land and contained
approximately 18,000 acres of wnich 5,028.5 acres were
ciagssifiea as average allligator hapitat. The general
nravlitat types inciuded North Filorida flatwoous, longleat
pine, turkey cak, sananilils and stream bottoms. Wetlang
types Inciuded approximately oS80 acres of shaliow lakes. 200
acres of seasonally flooded ponds, 2,894 acres of cypress
aomes ang swamps, 560 acres of permanent marsn, and 280
acres of intermittent marsh.

Tne total harvest from the area incluged 42 apnimals,
four reet ana above, with a net value after processing,
vallaatlon and sales cost of $11,430.%4 for a per animal
value of $272.00. In agaition 80 hatchl ings were coiiected,
wnicn put total net revenue generateq at $13.030.94 or $2.5%9
per acre. Ihe lanQowner snare was 31.04 per acre (taple 4.

. I'ne net revenue to the landowner s variabie, gepending
upon Lne quaiity of hapitat, and the type Of e€coOnomic
arrangement. Uncer the circumstances, descriped here, the
tancowners: sgSnare was $l.21, $1.04 ang $4.40 per acre,
respectively. The contractual arrangements were ejitnher tne
same, Or presentea as the same, SO differences in revenue (s
relatea oniy tQ the magnitudge of the total harvest on the
respective areas.

A Simulated yvield resulting from wood proqucts
narvested irom lands surrounding the wetlanas managea for
ailigators, proviges a perspective on the reiative value of
tne two resources. A totai net casn fiow was caigulatea
UtliiZing a program (viela-pluss which is routinely used in
maklng torest management descisions A site index of 60,
with 700 stems-acre harvested at 25 vears was assumed for a
typlcal HNorth Florica flatwoods gite. Site preparation
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cest, annual management cost, incluaing prescribed burning,
ana harvest expenses were deducted from gross revenues.
Puipwooa ana chipping saw prices were entered at $13.50/ton.
Values were unadjusted for inflation. Total net cash flow
beifore taxes was calculated to be $702.60 or $28.10 per acre.
per vear.

The other important minor income on timber compnay
tanas is hunting lease=s, which range from $1.50 to $4.00 per
acre per vear. It appears that alligator harvest may be
apie to coupie the amount of income that companies are
receiving from their wetland acres, by aadding to the hunting
lease revenues,

Prainage of marginai land to grow timber (n Florida is
not the issue on timber land it once was in Florida. The
ma.)or tnreat may ultimately pe development. Even though
timper companies have large investments in milis, requiring
a continuous supply of timber, the value of their timberiand
may increase to the point where it pecomes a better econcmic
cdecision to seil or develop the property. In view of this
impending dilemma, local timber company managers welcome
aaaitional sources of revenue from land wnich, in many
cases, is oniy generating an internal rate of return of 6%.
Unaer those circumstances, additional revenue of $!{.00 to
$4.00 per acre on 25% of their tand may be significant.

Political Action

Prior to the initiation of the present program, there
was little organized political support for alligators except
auring the early days of the Endangered Species Act. At
that time alligators were one of the most visibie endangered
species and there was strong politlical pressure cpposed to
any change of status. This was the case in spite 9f no
ciear evidence that alligators were endangered and that
there was considerable eviaence to the contrary. After the
status of alligators was changed the poiitical action of
protectionist groups diminished. In their place at least
three major user groups have evoilved. There are twao farmers
groups and one trapper group, all of which are poilitically
active. These groups obviocusly are guided by self-interest,
but protess interest in sustaining wild harvest of
aiilgators. This interest provides a common ground upon
wnich the professional wildlife manager and the political
actlon groups can work. The poiitical action groups have
proviasa tne impetus for leglisiative action, resisted unfair
and needless bureaucratic rules and acted as a watchdog.
However, it is the combination of the self-interest groups
and tne professional wildlife manager that provides pest
agsurance of & sound program.

Professional ism

In 1975 when the alligatoer was officially considered
endangered, tne GFC, which has primary management
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respongipiiity for ail resident wildiife, had less than one-
naitf manvear gevoted to alligator research. Today, the GFC
nas i i/2 manyears acevoted to full time research and nine
mian years devoted to management. An estimated two manyears
©f private, professional biologist time is committed to
alligators on private lands. Also, this program has,
through 1989, put 189,000 additional acres under an annual
monitoring scheme (Jennings 1989). In addition, there are
viabie alligator research programs at UF in the USFWS Coop.
Unit, zoology and the SVM. One measure of the effects of
this commitment is research results which are the necessary
components of sSound manangement programs. Sometimes
puplication of resuits lag behind and management programs
are initiated vefore research is pubtished and subjected to
peer review. However, numbers of pubiications are a means of
measuring increased level of knowledge. Prior to 1975 there
nad been three scientific publications generated by GFC
personnel. Since 1975, which was the beginning of the
present program, there have been 28 scientific publications
proaucea by GFC personnel.

So, today in Florida, with the aliigator being legally
exploited there appears to pe a professional! cadre devoted
to alligator manangement and research that is at least ten
to twelve times greater than when the alligator was
officiatly endangered. A convincing argument can be made
that the commitment of these professionais offers real
conservation benefit.
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Summary

Since 1977, and the beginning of attempts by the GFC to
actively manage alligators, there has been approximately
$2,000,000.00 generated by harvest and returned to the GFC
tor alligator management and research. The impact of that
narvest appears to have been minimal (Woodward pers, comm.).
There has been additional money, either directly or
inairectly, generated by the harvest programs total ing
$625,000.00. Most of this money has been directed to the
University of Florida to support graduate research.

The level of xknowledge has increased dramatically as a
resuit of the UF research ang work carried out within the
GFC. In adaition to published information, the general
level of knowiedge and concern about alligators has
increased with the addition of GFC biclogists in every
region of the state. These professionals, along with
private and institutional biologists, make up a cadre of
crocoailian biologists exceeding the number involved in the
management of any other game or non-game species in Florida.

The infira-structure made up of special interest groups
{users and non-users) and professional wildlife managers is
& powerful force in wildlife conservation. There is reasan
to believe that such an arrangement is presently providing
for the proper protection and management of allligators in
Fiorica.

The long term prospects for many forms of wiidlife,
inciuding alligators in Florida, as well as, throughout the
worid, is tied to the presence of widespread quality
hapitat. 1In Florida, even though we have several million
acres of alligator habitat, there has been significant
losges and many thousands of acres of the remaining havitat
nas peen geverely degraded. In the United States we have
been apie to spend large sums of money setting aside areas
solely for wiialife. But we will have failed as
professional ecologists and land managers if we do not guide
conservation efforts toward a more inclusive cencept than
simpiy setting aside refuges or museum pieces. The real
chaiienge is to devise programs which will encourage the
practice of a land ethic on the whole land organism.

There is no reason to believe that the exploitation of
d wiialife resource must diminish that Species’ ecological
vaiue. In fact, I believe that under a sound management
regime we can use the resource, and if the program is
properly devised, provide added insurance against
cver-expioitation and perhaps, ln some circumstances,
provige addeq protection to hapitat.
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Table 1. Game and Freshwater Fish Commission Revenues
received versus those expended for 1988 and 1989.

REVENUES RECEIVED

ACTIVITY FY 88-89 FY 89-90

REVENUES EXPENDED

FY 87-88 FY 88-89

ALLIGATOR $384,005 $393,485
MANAGEMENT

ALLIGATOR
RESEARCH

$297,000 $445,000

90,000 86,000




Table 2. Summary of Florida's nuisance alligator harvest
from 1978 to 1988.

Alligators
Complaints Permits Tags Alligators Harvested/
Year Received Issued Issued Harvested Complaint
1978 4,914 2,346 3,124 1,871 0.38
1979 4,639 2,486 3,321 1,679 0.36
1980 4,024 2,216 2,856 1,590 0.40
1981 4,931 2,622 3,318 1,871 0.38
1982 6,124 3,209 3,826 2,169 0.35
1983 5,955 3,003 3,550 1,871 0.31
1984 7,289 3,536 4,272 2,201 0.30
1985 6,432 65,1873 6,187 3,023 0.47
1986 6,018 5,458 5,458 3,049 0.51
1987 7,288 6,6182 6,618 3,853 0.53
1988 13,305 7.,9782 7,978 4,464 0.43

@Beginning in 1985, only one tag was issued per permit. Taken
from Jennings, 1989.




Table 3. Results of the private lands alligator management
program, 1988 and 1989.

1988 1989

Number of participants 7 21
Wetland acres in program 73,000 159,000
Egg gquota 2,050 1,350
Egg harvest 768 1,166
Hatchling quota 80 160

, Hatchling harvest 80 160
4 foot quota 255 699

4 foot harvest 180 577

Taken from Jennings, 1989
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BREEDING CROCODILES IN ZOOLOGICAL GARDENS OUTSIDE THE SPECIES RANGE,
WITH SOME DATA ON THE GENERAL SITUATION IN EUROPEAN Z00S, 1939

René E. Honegger and R. Howard Huat

Zjrich, Switzerland, and Atlanta, Georgia

INTRODUCTION

Keeping crocodiles in captivity has a long tradition and the majority of the traditional
zoological gardens in the Old and the New Worlds equally kept crocodiles in their collection.
Giese (1962), for example, offers many anecdotes on the acquisition of crocodilians by the
Schoeabrunn-Zoo in Vienna, one of the oldest zoos. Motives varied between displaying curiosities,
monstrosities or "men-eaters.” During the climax of systematic zoology, a collection of live
crocodilians played an important role in the education of our forefathers, Later in the history of
zoological gardens, an almost "pathological urge to possess as many as possible of the described
species” guided the acquisition often just to impress others working in the field. As a resuit, during
those past times breeding success was a very rare event.

There were few enclosures where reproduction could have taken place: the quality of
space, the thermal environment and the 10 diets did not meet the requirements.

During the past 30 years, the mental attitude of the majority of those responsible for
maintaining reptile exhibits scems to have changed. To a certain extent, this development may
have been triggered-off by one of the recommendations made at the first meeting of the
IUCN/SSC Crocodile Specialist Group in 1971, which suggested that zoos should aim at
maintaining one species group in a unit svitable for breeding rather than individuals of several
specics. It was also proposed that a definite co-ordinated plan be worked out to bring together as
many of these specimens as possible for breeding. These recommendations were also accepted as
resolution at the AAZAPA meeting of the same year. Unfortunately, [UDZG did not react on the
commendations of the Crocodile Group.

Action took place in many United States and a few European institutions. Several
breeding groups were established in exchanging "surplus specimens and placing them on breeding
loan in suitable places.

We now judge differently regarding the relation of space versus the size of the animal,
Our understanding of environmental factors, such of the as light and temperature has grown and
last but not least those who want to benefit from the numerous studies on free-living crocodiles
triggered by the now almost classic publication by Cott (1961) easily find information.

In Zoological Gardens outside the Tropics and Subtropics, space for crocodiles is limited
to the availability of heated rooms. Modern design takes advantage of a more biological sense for
the environment. It scems, that the days when crocodiles were kept in sanitary-clean pools, tiled
and sterile, are over. Such environments would today be likely to be criticized by the public. The
role of the public is no longer that of a passive onlocker who comes to the zoo, uneducated, just to
spend a few hours of recreation. It is changing more and more as it is better informed of biological
connections and ecological facts. This education, drawn from the ever present medias (especially
by natural history films), a better general education and specific training by the zoos own programs
(guided tours, labelling systems, zoo-owned magazines, etc.) is a challenge when new displays are
being planned.




In some countries, in connection with animal welfare regulations, minimum space
requirements for wild animals were officially published, not least under public pressure which
complained against such establishments as roadside zoos. For Switzerland the regulations on
crocodilians are given in Table 1.

Space and Pen Designs

While the minimum space requirements, as elaborated in Switzerland, regulate the space
for wild animals both in private and public displays, exhibits in Zoological Gardens need to be
larger. Specimens show much more impressively in spacious enclosures furnished with all the
necessary clements (Table 2). When new crocodile exhibits are discussed by decision makers, it is
advisable to study the implications of crocodile behavior for management (Vliet 1986, Land 1987a).
Basic crocodile displays consist of a pool and a land area. The pool for aduit specimens should
offer various water levels with a deepest point of about 150-180 cm for the larger Crocodylus sp.
and less for the smaller species, giving ampic space to dive (see Table 3 for additional data).

Heating the water may be necessary. It can be done either by hot water pipes or electric
heating cables built in the surface of the pools. In a closed system where the water is circulated
over a sewage-type filter system, the electric heating is built-in in the last stage of the unit, Indeed,
very attractive displays can be arranged by the construction of aquarium-type pools where the
crocodiles can be viewed entirely under water. Here the visitors really can appreciate the
crocodiles’ unique appearance. Besides, such a special display offers additional space for
educational explanations, including tapes to show the crocodiles’ ability in vocalization.

The shaping of the land arca can be best achieved after some on-the-site inspiration or
after color photos from the species habitat. The use of read boulders, trees and gravel instead of
artificial building materials, such as fiberglass or gunnite, offers more of a challenge to the builder
of a display. Morcover, natural boulders and gravel add more to the microclimate of the display,
especially in well planted areas.

The information of nest sites is likewise important. Do we deal with a ground nest builder
or with a mound builder (Greer 1971)? Data on the temperature within the nest and its
environment will become important when gravid females begin to look for a place to deposit the
eggs. Then we shall be in the position to assist in offering a well prepared and heated artificial nest
site, Hopefully we later can display maternal care by that species in our collection.

Displaying live plants in a generously set up exhibit for crocodiles is a must! The rich
growth of any tropical or subtropical plant, such as Ficus sp., Philodendron sp., Pandanus, together
with bromeliads, ferns and orchids can simulate an almost natural looking set up.

Such displays naturally car look only satisfactory provided that there is sufficient light and
temperature. In other words, lush growth of tropical plants is the indicator for optimal humidity
and temperature in any crocodile exhibit. Such exhibits offer some of the excitement many visitors
nowadays require to understand the needs of conservation.

In arranging exhibits, care must be taken to give all animals a chance to hide from the ever
present eyes of the visitors. A good display where the specimens are "not always on a tray” offers
much more challenge to the inquisitive visitors, especially when they are properly informed by a
modern labelling techaique.

Equally important to d:splay pen design is the dcvclopment of ample space "behind the
scenes” for hatchlings and their rearing,
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Temperature

Heating crocodile exhibits in temperate zones is best arranged by electricity and/or solar
heat. Both floor and radiant heating is necessary. It is advantageous to arrange the heat units in
such a way that the crocodiles can choose the temperature they actually prefer. Information on
crocodilian thermal selection is given by Lang (1987b).

Light

Besides illuminating the exhibits for aesthetic rcasons and proper presentation of the
specimens, sufficient light is an eminent factor in any animal display. This is especiaily true with
crocodilians, over which still lays an enormous amount of disdain and superstition. Ample lighting
of crocodile displays is important for natural behavior of the specimens. Regal (1980) explains the
role of light and radiant heat. Modern devices, such as HQI equipment, offered by almost all
major manufacturers of light systcms, not only provide an appealing but also sound technical
lighting, Additional UV lighting, such as properly built-in black light tubes in the near ultraviolet
range of 310 to 400 nanometers, for at least 12 hours per day may be necessary (Brazaitis 1986).

Veterinary Care

It is understood that in any zoological garden the reptile collection should be under the
same rigid veterinary coatrol as are the mammals and the birds, "Veterinarians needa’t to
apologize for the state of the art of reptilian medicinc" (Fowler 1980). Close cooperation between
the veterinarian and the curator in charge assists both. Both are experts in their fields, to the
benefit of the specimens under their care.

Whatever the origin of a new specimen to enter into an existing group of animals, a
minimum quarantine of about 30 days is highly reccommended. During that time, the necessary
fecal samples can be collected and eventual parasites or injuries can be treated.

For those who have little access to ample veterinary services, there are by now,
fortunately, a number of modern publications available, where information of crocodilian diseases
can be found (Cooper and Jackson 1981, Ippen et al. 1985, Iseabiigel and Frank, 1985, Frye 1990).

Autopsies are to be performed not only for the determination of the cause of death, but
also to check if the clinical diagnosis was correct.

Carcasses must be placed in museums or other scientific collections for further studies. .

Even specimens of so called common species and without data can become of great interest in
future studies.

Sexing Techniques

After Chabreck (1967) and Brazaitis (1969), the determination of sex in living crocodilians
is, at least on paper, no longer a problem. In practice, however, the immobilization, especially of _




the larter species, is still a problem, especially in those collections where little practical experience
is available. Information on handling (Bail 1974, 1979) and immobilization of ¢rocodiles can be
found in Loveridge and Blake (1972), Bonath (1977), and Marhoit and Jes {1988).

Hybridization

Interbreeding between related species should not become a goal of any captive breeding
program. From the conservation and the genetic standpoint, any hybridization of crocodilian
species must be rejected. Hybridization with Crocodylus acutus threatens the existence of the
endangered Crocodylus rhombifer on Cuba. Hybrid offsprings of Crocodylus siamensis (x
Crocodyius porosus) threatens the endangered siamensis (Groombridge 1987). Hybridization of
Crocodylus rhombifer x Crocodylus siamensis takes place at themomHo-cththuy,Vietnam
(Geissler and Jungnickel 1989). Hopefully none of these hybrids will be released in short-sighted
"conservation" activities.

Therefore for zoological g;ardens with limited space, one specics breeding umits are
strongly recommeanded. Accurate species identification (Brazaitis 1973, Wermuth and Fuchs 1978)

is important.
Management

Good animal management techniques are equally important over the establishment of
proper habitat displays.

Interesnng details on crocodilian biology, which would have been difficult to obtain from
wary specamens in the wild, were gathered under suitable conditions in zoological gardens. Much
of what is known of parental behavior in crocodilians was obtained from observations in zoological
gardcns (Table 4). At Parque Zoologico de Tuxtla Gutierrez, Chiapas, Mexico, a male spectacled
caiman, Caiman crocodilus crocodilus, opened a nest and released 25 neonates; the female parent
vocalized and swam with her pod (Alvarez del Toro 1969). Parental behavior of dwarf crocodiles,
Osteolaemus tetraspis, was described at the Fort Worth, Texas, Zoo; two females and a male
transported neonates from one clutch of eggs in their mouths (Tryon 1980). At Nandankanan
Biological Park, Orissa India, parental behavior of Gavialis gangeticus has been recorded by
Bustard and Maharana (1980). At Jaipur Zoo, India, mugger crocodiles, Crocodyius paiustris, have
been observed using their mouths to transport neonates from nest to water (Yadav 1979).
Morelet’s crocodiles, Crocodylus moreleti, at Zoo Atlanta have bred and displayed a wide variety of
parcatal behavior including nest building and neonate transporting (Hunt 1975). In long-term
experiments older young of C. moreleti were kept with adults and interactions recorded (Hunt
1977). Metro Zoo, Miami, Florida, has kept young and parent Crocodylus siamensis together for
up to three years; mouth transport of neonates has been observed (Bill Ziegler, pers. comm.),
Zoological gardens have made important contributions to the literature of crocodilian behavior
(Waitkuv.ait 1989). It was also through private breeders’ efforts that we learned about the
reproductive biology of Paleosuchus paipebrosus (Lithi 1983) and Caiman crocodilus (Hirschfeld
1966). Successful breeding of crocodilians under artificial conditions in temperate zones has
become possible (Table 5, 6, and 7). Perhaps futurc management concepts in zoological gardens
will further encourage the keeping of adult crocodilians with their offspring,

Behler et al. (1987) reported on the remarkable success of the Bronx Zoo, New York,
where recently seven species have beea bred, among them Alligator sinensis or Crocodylus
rivombifer, which are in urgent need or propagation outside their range.
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Diet

Diets of crocodilians in zoological gardens have typically included whole mice, rats,
chickens, crickets and fish. Monotypic diets of fish shouid be carefully monitored. Before 1971,
while on a diet of salt-water fish, Crocodyius moreleti at Zoo Atlanta failed to produce viabie
embryos and a tentative diagnosis of avitaminosis E was made (Hunt 1980). In addition to the
problem of rancid fish preventing the absorption of Vitamin E, thiaminase activity has been
measured in many species of common food fish (Cooper and Jackson i981). Increasing thiaminase
in stored fish and monotypic dicts of fish produce thiamine deficiency but can be neutralized by
adding thiamin to the dict (Higashi 1961, Geraci 1974, Wallach 1978). It has aiso been reported
that a temperature of 27° C for five minutes will destroy thiaminase in stored fish (Mattison 1982).
Live fish contain negligible amounts of thiamimase and are probably safer to feed captive
crocodilians than are stored fish of any species (Ellen Dierenfeid, pers. comm.).

Because of possible dangerously high concentrations of Hg, Fb, Cd, PCB, DDT, etc, Jes
(1989) cautions against the use of fresh-water fishes of unknown origins. In such cases, one should
consider decreasing the volume of fish in the diet.

Artificial Incubation

Traditionally staff at zoological gardens have removed eggs from crocodile nests and incubated
them in a separate facility with controlled humidity and temperature. Tryon (1980) incubated
Osteolacmus tetraspis eggs between 25°C and 34°C in damp vermiculite in 38 and 76 Liter aquaria.
At Madras Crocodile Park nine captive conceived eggs of Gavialis gangeticus were removed from
the nest and incubated at temperatures between 31°C and 32°C; in the nest hole temperatures
between 34°C and 35°C killed embryos in 15 eggs (Harry, 1989). To observe maternal behavior,
staff at Zoo Atlanta incubated eggs of Crocodylus moreletii in a styrofoam box filled with saturated
peat moss. When the neonates vocalized in the eggs, in the box, the box was buried inside the aest
mound. The female parent had no difficulty in excavating the friable styrofoam (Hunt, 1980). In
order to understand the phenomena of temperature-dependent sex-determination modern results
(Ferguson & Joanen, [1982], Ferguson, {1985] or Webb & Smith, [1984]) should be carefully
studied.

Id-Methods

As outlined earlier (Honegger, 1979) any tagging system in a Zoological Garden should satisfy the
ethical and aesthetical criteria.

Lately, sophisticated systems with microeiectronic technology (tansponders) have been introduced.

A less expensive method using a simple leather hole punch and the scute coding system has been
claborated by Tamarack (1988).

Studbeoks



So far, one international stedbook for a crocodilian species has been developed: Alligator sinensis,
It is published on an annual basis. A summary appears in the International Zoo Yearbook (see
also Table 6). For some other species (Paleosuchus sp., Crocodylus moreletii, C. rhombifer, C.
siamensis and Tomistoma schlegelii) regional studbooks are planned within the AAZPA/CAG.

Surplus Animals

The placing of surplus crocodiles on a permanent breeding loan basis within a sound management-
plan, such as SSP, may be the only politicaily feasible way for the owners of valuable Crocodiles, as
no monetary exchange takes place. Exemplary were the international cooperation on Alligator
sinensis or Gavialis gangeticus which became famous,

Surplus Crocodiles, originating from public donations and/or captive brecding are a focal concern
in many Zoological Gardens. The various reasons why restocking natural areas is not feasible in
many cases, have been discussed by Tryon & Behler, (1982).

The AAZPA/Crocodilian advisory group (CAG) publishes, together with some input from
overseas, a list of surplus crocodilians. It is intended to serve Zoological institutions world wide.
Surplus lists are also publishes by the TUCN/CSG ncwsletter.

In 1986 Whitaker (1986) invited Zoo-people world-wide for Co-operation with the Madras
Crocodile Bank and to place surplus specimens there.

Preseatly there are discussions about placing surplus crocodilians (Non-SSP [Species Survival
Plan]-taxa) at member-institutions of American Alligator Farmers Association (AAFA), where the
specimens or their offsprings could be harvested for their hides and meat at some point in the
future. Concern is voiced because of ethical consideration, public perception, criticism from media
and animal right groups.

It must be admitted that genuine Crocodile farms play an important part in Crocodile conservation
and that the present philosophy behind AAFA (see King & Wilson, 1989) is to be trusted.

It perhaps would stimulate cooperation between zoological gardens and crocodile farmers if some
of the crocodile-farms would offer space on their grounds to be set aside to maintain an "exotic”
crocodile under “natural® condition for non-commercial reasons.

Such single-species enclosure, stocked with only a biological sound population, would allow studies
at close range for studeats and researchers at relatively low cost. Such cooperation would also help
demonstrate their commitment to conservation. A future cooperative step could be their
willingness to maintain small numbers of an endangered species as stand-by for breeding

programs,

However, the present discussion must go on, keeping in mind, that the number of surplus animals
will increase, as the number of institutions with breeding programs improve.

Longevity and Albino Specimens (Tabie 8)




Under optimal managemeat condition, crocodiles can attain considerable ages (Bowler, 1977) and
the publication of interesting longevity records may contribute to the remarkable fame of
crocodilians in the eyes of the Zoos’ visitors.

If there are other Crocodilians in an institution, the display of an albino specimen adds to the
statement of diversity on crocodilians and reptiles in general. But a lonely albino Crocodile, kept
as a queer sensation in just a back-step in modern Zoo-philosophy.

Labeiling Systems and Pubiic Education

Having had a chance to recently visit some crocodile displays in European (and overseas) Zoos, I
was very pleased to learn about the progress and the art in new labelling systems. The days where
crocodiles were just labelled by common names and contincnt of origin seem gone. Modern
labelling-systems inform the visitors on distribution, behavior and relation to man and add to the
attraction of a display. Last but not least this education of a broad public during their leisure-time
visit to the Zoo will be of benefit to a better understanding of the magnificent reptiles and their
role their ecosystems.

The 1989 Survey in European Zoos and Aquaria

The last survey on captive crocodiles in European Zoos was made in 1974 (Honegger, 1975).

After the various breeding successes with Crocodiles in Europe I was eager to learn more about
changes in the art of keeping crocodiles.

During the second half of 1989 a special crocodiles’ questionnaire was mailed to all major
European Zoos. Despite the fact that a number of Zoos known to have crocodilians in their
possession omitted to reply, even after a reminder was sent, the response can be considered

satisfactory.
The data for some of the British Zoos were collected in 1989 by Dennis Hoare of Paington Zoo,
and are incorporated in the tabulations.

As it appears on Tables 1a and 9, collecting species and/or the desire to compete with other Zoos
seems to be still the main aim of maintaining a crocodile collection. However, compared with the
1974 data the number of species per collection has decreased, thus allowing more space for the

remainder and a better starting point for a breeding program.
On the other hand, crocodile breeding is no longer a novelty in Zoos outside a species range.

Looking at the species list (Table 10), we notice that the following taxa are missing from public
collections in Europe:




The specics with the widest distribution and the largest number within European Zoos is
Osteolaemus tetraspis. The same species has also a remarkable record in respect to its breeding,
Five institutions have succeeded in reproducing this small African Crocodile (Table 11).

Amazingly, the largest African crocodile, Crocodylus niloticus, has the most numbers of all
crocodilians in Europe. Eighty-six specimens can be found in 20 Zoos, and in three institutions,
the species has also been bred.

The repeated breeding records with Caiman crocodilus and Paleosuchus palpebrosus are equally
noteworthy, Together with the breeding success with Osteolaemus they could stimulate other zoos
to start their own crocodile-breeding, cven when limited space is available (see Table 3 on pen-
sizes).

The two other crocodile species which were bred in Europe, Crocodylus cataphractus and
Crocodylus rhombifer, apparently need more spacions enclosures, including decper pools (Table
3).
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Summary
Living crocedilians in a Zoologlcal Garden represent a very

valuable resource. If such a group evolves through proper
compesition, as well as management and exhibit techniques
into a breeding group, a great goal is achieved.

The data gained on the biology of the species, the informa-
tion of nutrition, behaviour, breeding, the veterinary and
pathological aspect are important data for the better under-
standing of crocodiles and will eventually assist conservat-
ion of these magnificent reptiles in peril.

However, the main reascon for maintaining breeding-groups of
crocodiles on display in Zoological Gardens outside their
range, remains in the face-to-face education {(in the widest
range of the term "education"} of the general public for a
better understanding of their requirements and their role in
any ecosystem threatened by man.
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Longevity and albino specimens

Specias

Locality

Alligator mississippiensis Amsterdém, NL

Alligator sinensis

Caiman c¢. apaporiensis
Paleosuchus palpebrosus
Paleosuchus trigonatus

Crocodylus cataphrachus

Crocodylus intermedius

Crocodylus niloticus

Crocodylus poraosus
Crocodylus rhombifer
Osteolaemus tetraspis

Tomistoma schlegeli

Albinc specimen

Crocodylus porosus

+ Data from Slavens, 1987

London, GB
Prague, CSSR
Rotterdam, NL

Berlin-E, GDR
Chicago, Brookf. USA

- Prague, CSSR

Berlin-~-E, GDR
Albuquerque, USA
Detroit, USA

Miami Metro Zoc, USA
Rotterdam, NL

Chicago, Brookf. USA

Bristol, GB
Paris, F

Dresdan, GDR
Berlin~E, GDR
Berlin-E, GDR

Amsterdam, NL

Stuttgart, GDR

sex

0/0/2
0/1/Q
1/1/0
1/1/0
1/1/0
0/0/1
0/1/0
0/0/1
0/0/1
a/0/1

0/0/1
1/1/0

6/0/1

1/1/0
0/0/3

0/0/1
0/0/1
1/0/0

i/¢/0
0/1/¢

1/0/0

year-
acguired

1949

1949

1953
1915/1920
1957

1952 +
1957

1972

1972 +
1959 +

1940 +
1915/1920

1968

1951
1948

1958(*1957)

1962
1358

1938
1955

1967




Table 3

Status of Crocodiles in European Zoos and Aquaria:

Institution: No., Species inc. No. Specimens: Ne. of enclosures:

SSp.:

Amsterdam NL 5{10) 19(44) 30 4)

Antwerpen B 1 4 1

Augsburg FRG 1 3 1

Banham, UK 1 1 -

Barcelona SP 9( 3) 45(19) nd{ -)

Basel CH 1{ 2) 4( 6) 1{ 2)

Berlin E GDR 11(13) 39(23) -{ =)

Berlin W FRG nd(24) nd{52) -nd{ =)

Bern CH 1 2 1

Brighton, UK 1 1 -

Bristol UK 2 3 2

Chessington UK 1 3 -

Chester UK 3 9 3

Colchester UK 1 2 -

.0logne FRG 2{ 3) 58(22) 2(3)

Copenhagen DK 2 9 2

Cotswold UK 2 4 -

Darmstadt FRG 1{ 3} 2{12) 1( =}

Dortmund FRG 1 2 1

Dresden GDR 2 2( 7) 2{ 8) 2( =)

Duisburg FRG 2( 2} 4( 4) 1{ 1)

Diisseldorf FRG 5( &) 100 7) 4( 7

Dvur Kralove CSSR 5( 7) 23(22) nd{ 3)

Edinburgh UK 1 2 -

Emmen NL 3 18 3

Frankfurt FRG i{ 8) 1¢11) 1{ =)

Gossau CH 3 14 2

Hamburg FRG 2 & nd

Hannover FRG 1{ 1) 2( 2) 1( 1)

Krefeld FRG 1 2 1

Leipzig GDR 5( 3) 9( 7) S{ 4)

London UK 2(10) 6(27) 20 1)

*ablethorpe UK 1 1 -

iinchen FRG 2( 8) 8(18) 2( 2)

Paington UK 4 . B -

Paris F I{ 3) 3{17) 1{ -)

Prague CSSR 4(3? 11( 5) 5{ 4)

Rotterdam NL {7 6(14) 3 will ad A. [ 6)
_ : sinensis BL

Saarbriicken FRG 1 1 1 |

Skegness UK 2 5 - |

Southport UK 1 2 -

Stockholm S 2 14 2

Studen/Biel CH 1 9 2

Stuttgart FRG 5(17) 20(33) 5( 5)

Thrigby Hall UK 3 10 - |

Twycross UK 1 4 - |

Welsh-Mountain UK 1 1 -

Wien-Meer AU 2 2 2

Wien-Schdénbrunn AU it 7) 3I( 9) nd( 6) .

Windsor UK 1 2 -

Wuppertal FRG 1 2 1

Ziirich cH 1{ 2) 2{ 5) 1{ 2)

Figures in brackets: 1973 survey {Honggger, 1975)




Table,ﬁ”ﬂo

Species

Crocodylus niloticus
Osteolaemus tetraspis
Alligator mississippiensis
Paleosuchus palpebrosus
Caiman crocodilus crocedilus
Tomistoma schlegeli
Crocodylus rheombifer
Crocodylus porosus

Caiman crocodilus yacare
Crocodylus cataphrachus
Caimgn crocodilus ssp.
Alligater sinensis
Crocodylus siamensis

Caiman latiostris

Crocodylus palustris
Crocodylus johnsoni
Crocodylus novaguinea
Crocodylus palustris "kimbula"
Crocodylus acutus

Gavialis gangeticus

Caiman crocodilus apaporiensis

Number of
Specimens
86 {15/25/46)
67 (19/24/24)
51 (18/27/ 6)
46 (16/18/22)
34 { 6/ 9/19)
29 ( 5/ 5/19)
25 ( 5/ 7/13)
16 ( 1/ 0/15)
13 { 2/ 2/ 9)
10 ( 2/ 2/ 8)
8 ( 2/ 5/ 1)
7 ( 3/ 4/ 0)
7 ( 2/ 1/ 4)
5 ( 3/ 2/ 0)
5 ( 1/ 2/ 2)
4 ( 2/ 2/ 0)
2 (1/ 1/ 0)
20/ 0/ 2)
2 {0/ 1/ 1}
1 (0/ 1/ 0)
1(0/0/ 1)

Number of
Collections

20
23
19
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Table i

‘Breeding record

Locality year number eggs survived Inc. Inc.
Species eggs hatched 30 days Temp. Time
laid

Amsterdam NL

Caiman ¢. crocodilus ssp. 1971 27 9 9 28/32 -
197% 9+ 9 9 - -
1577 29 8 8 - -

Barcelona SP

Caiman ¢. crocodilus vI1.87 22 15 11 2%/32 77 4
vI.as ? 3 - 29/32 77 4
vI.89 22 2 1 29/32 77 4d

Caiman ¢. vacare VI.88 27 24 24 29/32 73 4

Osteclaemus tetraspis VII.87 ? 4 4 29/32 87 4
Vvii.gs 21 14 12 29/32 87 @

Copenhagen DK

Crocodylus niloticus 1983 25 51 1 - +3mos
1984 20 7 7 - +3imos
1986 4 2 2 - +3mos
1988 3 1 1 - +3mos
1989 S 5 4 - +3imos

Osteolaemus tetraspis 1987 18 5 4 - +2 1/2mos

Emmen NL

rrocodylus cataphractus 1987 26 7 7 26/29 +3mos

_ 1989 29 13 6 26/29 +3mos

Osteolaemus tetraspis 1986 20 9 9 26/29 +3mos
1987 10 4 2 26/2% +3mos
1989 20 - - 26/29 -

Gossau CH |

Osteolaemus tetraspis 1989 23 10 7 30 81 4

Cologne FRG 1975 - 84 - |

Crocodylus niloticus 1989 500 42 40 114 4
1980 - 98 - ;

Paleosuchus palpebrosus 1989 370 81 80 116 4

Paris F

Crocodylus niloticus 1958 ? 140 9 ? 2

1963 ? 2 2 ? ? 27




Locality year number eggs survived Inc. Inc.

Species eggs hatched 30 days Temp. Time
laid _

Rotterdam NL
Caiman creocodilus 192380 22 3 3 30 84 d
Osteoclaenius tetraspis 19438 10 ' 5 4 - -
Stockholm S ' 85 -
Crocodylus rhombifer 1985 10 ?

1986 le ?

1987 - . ?

1988 22 - - ~ 100 4

Stuttgart FRG
Caiman crocedilus crocedilus

1979 14 2 2 28 + 3mos
i982 le 1 1 28 * 3mos
1983 ? 7 7 28 + 3mos
1986 14 3 5 28 + 3Imos
1987 ? 2 2 28 + 3dmos
19838 ? 3 3 28 + 3Imos

XXXXXXKXXXXXXXXYXXXXXXXXXXXXX

Egg laying recorded

Locality Species Year

Amgterdam Caiman crocodilus ssp. 1978 - 1989
Osteclaemus tetraspis 1977 - 1989
Crocodilus niloticus (?) 1988

Basel Tomistoma schlegeli 1989

Darmstadt Osteclaemus tetraspis 1988, 1989







Mercury Contamination Of Florida Alligators

Lindsey J. Hord, FGFWFC, 8122 US 441 SE, Okeechobee, FLL 34974
Mike Jennings, FGFWFC, 4005 S. Main St., Gainesville, FL 32801
Arncid Brunell, FGFWFC, P.O. Box 1803, Eustis, FL 32727-1903

INTRODUCT [ON

Mercury has been and continues to be an important element to man.
Mercury sampies have been found in Egyptian tombs dated to 1600 BC.
Cinnabar, the principal mercury ore, has been mined since 415 BC (Royals and
Lange 1990) and Aristotie recorded its use in religious ceremonies (Farber
1852). More recentiy mercury has been used for gold extraction, hat
manufacturing, as a pignent in paint, and as an aphrodisiac (Jaffee 1830,
Goldwater 1936, Leicester 1961). Mercury is currently used in chlorine and
soda ash production, electrical component manufacturing, dentistry,
agriculture, paint and ptastic manufacture, laboratories, pulp and paper
production, and other manufacturing processes {Rodgers 19889). Current worid

use is estimated at 9,000 to 14,000 metric tons annual [y (Royals and Lange
1990).

Mercury occurs in the environment naturaliy and as a result of man’s
activity. Mercury is found as a common element in hot springs and in
particulate and gaseous form in lava. Mercury gas is reieased as a resuit
of evaporation from the oceans and the breakdown of rocks, minerals, and
peat (Royals and Lange 1890). Man releases mercury into the bigsphere
directly through burning of coal and fuel oil containing high levels of
mercury, mining activities, and the improper disposa! of industrial waste
and products. Mercury is introduced into wetiands indirectly as a result
of dredging operations, altered water fevels, and increased turbidity, which

can expase or resuspend mercury laden sediments (White and Cromartie 1985,
Barr 1986).

Mercury has no known bicfogical function and its presence in fish,
wildlife, and humans is patentially hazardous (Eisler 1987). Several
factors influence the availability and toxicity of mercury to fish and
wildlife. Mercury is more often associated with iow ph and oligotrophic
waters than neutral or high ph and eutrophic waters (Royals and Lange 1890).
Others factors that influence mercury availability and toxicity are
salinity, temperature, diet, age, sex, species, the molecuiar form of
mercury, and the presence of other chemicals (Eisier 1987). Sublethal
levels in aguatic organisms affect metabolism, blood chemistry,
osmoregulation, and oxygen exchange. At comparatively [ow concentration in
birds and mammals, mercury adversely affects reproduction, growth and
development, behavior, blood and serum chemistry, motor coordination,
vision, hearing, histology and metabolism. The effects of mercury on
humans, fish, and many wildlife species are thoroughly reviewed by Eisler
{1987}, however, the effects on crocodiiians are not fully understood. The
presence of mercury in aflligators and crocodiles in Florida has been
reported by (Ogden et al. 1974, Stoneburner and Kushlan 1984, Delany et al.
1988), and (R. Labiskey, Univ. of Fla., unpub!. data).




The first cases of mercury poisoning were reported in Europe in 1865
when two men died in a chemical laboratory. Incidences of mercury poisoning

have occurred in Argentina, Nicaragua, the United States, the Soviet Union,
and Canada (Eisler 1887). Major epidemics have been reported in Japan,
Pakistan, Guatemala, Ghana, Yugosiavia, and ‘rag (Eisler 1987). The fact
that mercury can bioaccumulate is of particular importance since humans
consume predatory fish and wildlife. The consequences of bioaccumulation
were realized during the 1950s in Japan where mercury discharged into Minada
Bay resuited in toxic concentrations of mercury in fish and shellfish. By
1982, at least 1,800 human victims were verified (Eisler 1987).

Contaminated fish were first discovered in the Chipola River located
in northwest Florida in 1983 when [argemouth bass, a predatory gamefish,
were found to contain mercury. The Florida Department of Envirornmental
Regulation (DER) began statewide sampling of fish far heavy metais in August
1987. Mercury contaminated fish were found in Ocean Pond and the Santa Fe
River, in north central Flarida, as well as the Chipola River. DER
conducted sampling again in November 1988 and found elevated mercury levels
statewide, including high levels in the Water Conservation Areas {WCA),
which are located in south Flaorida (Figure 1). As a result of these
findings, the Florida Game and Freshwater Fish Commission {Comission)
initiated statewide sampling of fish for mercury in early 1983. Fish

containing levels of mercury exceeding 0.5 ppm of mercury were discovered
throughout Florida.

The Florida Department of Heaith and Rehabilitative Services {HRS)
recognizes the safe [evel of mercury in fish flesh to be less than 0.5 pom,
and fish containing greater than 1.5 ppm are considered unsafe for human
consumption. Subsequent to Commission sampling, HRS issued health advisories
recommending |imited consumption of fish containing between 0.5 to 1.5 ppm
of mercury from the Perdido, Blackwater, Yel!ow, Millsborough, Suwannee,
Upper St.Johns, and Sante Fe Rivers, and Lake Kissimmee, Lake Tohopekalgia,
and East Lake Tohopekaigia. Fish containing mercury leveis exceeding 1.5
ppm were found in the WCA, and HRS issued a special advisory addressing the
risks of cansuming largemouth bass and warmouth caught in the WCA.

Subseguent!y, the Commission became concerned about the possibility of
bicaccumulation of mercury in other aquatic organisms within the WCA. The
effects of mercury contamination became particularly important in the WCA's
alligator population since the Commission initiated a public all igator
harvest in these areas in 1988. The Commission’s primary concern was that
the flesh of harvested aliigators within the WCA might contain high levels
of mercury that wouid be consumed by humans. Since no data were avaiiable
on the levels of mercury in alligator flesh, efforts were begun in February
1989 to selectively sample aliigators in the WCA and other Florida wetlands.

METHODS

A total of eight alligators (1.5-2.1 m) were coilected from the L38E
and L358 canals in WCA 2 and the €123 and L67A canals in WCA 3, during
February 1989. A 10 gram meat sampje was obtained from the lateral side of
the base of the taii. Each sampie was placed in a plastic bag, individual ly
labelied, and refrigerated. A second samplewas coliected in the same manner
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from ten alligators in June 1989. Sampies were stored in a freezer and
transported to the Conmission’s Fisheries Lab where they were analyzed for

mercury content. Mercury content analysis was conducted using atomic
absorption cold vapor generation.

Sampling of alligator meat in other areas of the state began shortiy
after the initial discovery of mercury in the WCA. Samples of meat {n=19)
were obtained from a nuisance ailigator hunter in the Ft. Lauderdale area,
which is adjacent to the eastern boundary of WCA 2 and 3. Additional
samples of meat (n=58), primarily from nuisance alligators, were obtained
from licensed meat processors from north, central, and south Florida.

In order to determine the economic loss resulting from the suspension
of ailligator harvests on the WCA, we used the fol lowing economic values:
harvest quota of 585 alligators, based on 1389 night-!ght surveys; 39
ficensees, and 15 tags per licensee; 38 agent | icenses, based on the
statewide percentage of agent to participant |icenses (98%) (David 1689);
expected fill rate of 98%, based on 1988 harvest results from the WCA {David
1989); average carcass length of 2.4 m, based on 1988 harvest results from
the WCA; hide price of $14 (US) per meter; wholesale meat price of $2.27
(US) per kilogram; and participant |icense fee of $250 (US) and agents
license fee of $50 (US).

RESULTS

Analysis of alligator meat samples taken in February 1989 from WCA 2
and 3 (Table 1) revealed a mean mercury level of 1.66 ppm, which in fish is
considered unsafe for human consumption by HRS standards. Samples taken in
June 1989 from WCA 2 and 3 revealed higher mercury levels than those found
in the first sample (Table 2), with a mean mercury level of 2.92 ppm, aimost
twice the level considered unsafe for human consumption of fish.

Analysis of alligator meat samples obtained from a nuisance aifigator

hunter in the Ft. Lauderdaie area (Table 3) revealed a mean mercury level
of .74 ppm.

Analysis of alligator meat samples (n=58) obtained from [icensed

alligator meat processors from north, central, and south Florida (Table 4)
revealed a mean mercury fevel of .39 ppm.

The HRS® safe level for fish is based on frequency of consumption,
age, and sex. However, the HRS has not established a safe ievel of mercury
in alligator meat. Since fish are a regutar part of many people's diet and
alligator meat is considered a novelty item, alligator meat containing a
higher level of mercury might be safely consuned. However, since HRS has
no safe mercury level for alligator meat and relatively high levels of
mercury have been faund in WCA alligators, the Commission ordered the
cancellation of the 1989 and 1990 aliigator harvest in the WCA.

The economic loss resulting from the cancellation was significant. The
1889 harvest was expected to yield a gross value of $270,682 (US) to 39
licensed participants (Table 5). The loss in revenue to the state -from
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iicense and tag fees was projected to be $27,610 (US) (Table §}). The 1990
harvest should have yielded comparable values. Al though meat yield
represents a significant portion of the total economic value of the
alligator resource, the majority of the alligator's gross economic value s
in the hide. Based on 1989 hide prices, approximately 71% of an al{igator’s
value was attained from the hide .

D1SCUSS ION

The source or sources of mercury contamination of the WCA is not known.
Several possibilities have been proposed, including runoff from adjacent
agricultural fields, ieaching of the muck soils which are characteristic of
the Everglades wetlands that comprise the WCA, the burning of agriculturai
fieids, and fires within the WCA. Additionally, Everglades wetlands are
characteristically oligotrophic and have low ph (South Florida Water
Management District 1889), which have been reported to increase mercury
availability to fish and wildlife (Royals and Lange 1990).

The human heaith and biological hazards of mercury contamination of
alligators are serious, although not totaliy known at this time. Juvenile
ailigators which were fed mercury over a 13 week period resuiting in mercury
levels comparable to those found in alligators from the WCA showed no
clinical symptoms of adverse effects (Peters 1983). Simitarly, no adverse
effects from mercury contamination to alligators in the WCA have been
reported. The Florida Cooperative Fish and Wildlife Research Unit has an
ongoing study which is examining alligater egg viability in Florida
(Percival et alf. 1988). Cespite the presence of mercury in adult
alligators, eggs collected from the WCA in 1988 and 1989 had one of the

highest viability rates of any area sampled (F. Percival, Fla. Coop. Fish
and Wildl. Res. Unit, unpubl. data).

The economic loss resulting from the cancellation of the 1988 harvest
in the WCA was $270,610 (US). Consequentiy, the economic impact to the
statewide wild aliigator harvest of widespread contamination of all tgators
could be potentially crippling. The possibility of a hides oniy harvest
exists, however there couid be concern over the waste of part of the
resource. Additionally the ailigator farming industry and the public might
be concerned that mercury contaminated meat from hides only harvest areas
could illegally enter the market.

Mercury contamination is apparent!y widespread in Florida‘'s wetlands.
Delany et al. (1988) reported mercury levei{s in alligator flesh above 0.5
ppm from two current aliigator harvest areas, Lake lamonia (mean=0.61 ppm,
nz3) and Rodman Reservoir (mean=0.5t1 ppm, n=3). Mercury levels exceeding
0.5 ppm were found in alligator flesh from the WCA in 1989 and nuisance
alligators from three areas of the state contained mercury levels above 0.5
ppm. Additionally, fish containing greater than 0.5 ppm of mercury were
discovered in 1988 in one current alligator harvest area, Lake Marney, and
31 other wetlands throughout the state {FGFWFC, Div. of Fish., unpub!. data

1989). it is probable that alligators from those wetlands alsa have
elevated mercury levels.




As a result of the widespread occurrence of mercury in Florida’s
wetlands, mercury contamination of aliigators will ¢continue to be a problem.
An HRS policy statement on the human health hazards of mercury in ailigator
meat is expected soon. At that time, the Commission wiill consider

formulation of a policy regarding aliigator harvest from areas where mercury
contamination of alligator meat is discovered.
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FLORIDA WATER
CONSERVATION AREAS

Figure 1. Map of Florida Water Conservation Areas.




Table 1.
meat (N=8), Fiorida Water Conservation Areas (WCA), Feb. 6, 1989.

Morphological characteristics and mercury levels of alligator

Tatal Srout - Tail
Collection length vent girth Hg
site ft. {m) in {cm) in {(em) Sex (ppm)
weas
L-35B8 6.9 {2.1) 42 {107) 18.5 (47) F 2.80
L-358 8.8 (2.1} 40 (102) 17.0 (43) M 1.23
L-38E 8.6 {2.0.) 38 (97) 16.0 {41) F 1.00
L-38E 4.0 {1.2) 24 (81) 9.5 {24) F 0.46
WCA3
L-87 5.5 (1.7) 39 {99) 18.5 (42) F 1.87
L-67 6.1 (1.9) 36 (91) 16.0 (41) F 2.88
Miami C 7.1 (2.2) 41 {194) 20.0 {51) F 2.48
Miami C 9.2 {2.8) 59 (150) 25.0 (63) M g.78




Table 2. Morphological characteristics and mercury levels of alligator
meat (N=10), Florida Water Conservation Areas (WCA), June 7, 1989.

Total Snout- Tail Wwt.
Coilection length vent girth lbs
site ft. (m) in {cm) in {cm) Sex {Kg.) Hg{pom)
WeA2
L3sB 5.8 {1.8) 34 ( 86) 16.0 (40.6) F 41 (18.8) 2.51
L3sB 8.4 (2.0) 36 { 91) 16.0 (49.6) F 43 (18.5) 2.90
L35B §.3 {1.8) 31 { 719) 13.0 (33.0) M 23 {10.4) 2.10
L358 6.8 (2.0) 38 { 97) 16.0 (40.8) F 47 (21.3) 3.88
L3sB 7.4 {2.3) 42 (107) 18.0 (45.7) M 72 (36.7) 2.21
WeA3
Miami Canal 7.3 {2.2) 43 (109) 17 {43.2) F _ 3.58
Miami Canal 8.0 (2.8) 53 {135) 23 (58.4) M - 3.58
Miami Canal 6.9 {2.1) 41 {104) 16.3 (41.4) F - 2.37
Miami Canal 8.0 (1.8) 36 ( 91) 15.8 (39.6) F - 3.08
Miami Canal 7.0 (2.1) 43 {109) 15.6 (39.6) M - 3.04
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Table 3. Morpholagical characteristics and mercury levels of alligator
meat (N=19). Nuisance alligators coilected from urban canals in
southeast Florida, May, 1989.

Tatal length

ft. (m) Sex Hg (ppm)
7.0 (2.1) M 0.53
8.0 (1.8) M 0.48
7.0 (2.1) F 0.42
7.6 (2.3) M 0.34
7.3 (2.2) F 2.52
7.2 (2.2) M 0.30
5.9 (1.8) M 0.34
4.9 (1.5) ? 1.38
8.0 (1.8) M 0.34
7.2 (2.2) M 0.45 |
8.2 (1.9) F 1.21 |
5.2 (1.6) F 0.21
8.7 (2.0) M 0.17 |
6.8 (2.0) M 0.77 |
4.8 (1.5) M 0.74 |
8.7 {2.0) M 0.70
8.3 (2.5) M 0.84 |
8.0 (2.4) M 2.15
8.7 {3.0) M 0.29




Table 4. Results of analysis of mercury content of alligator meat from
alligator meat processars (N=58) North, Central and South Florida, 1989.

Mean mercury level

Capture site Sample Size ppm {Hg)
Citrus County {N=4) 0.3
Clay County {N=1) 0.15
Duval County {N=1) 0.25
Franklin County {N=1) .90
Hernando County {N=4) 0.42
Lake County {N=3) 0.24
Lee County (N=2) 0.44
Levy County {N=6) 0.21
Orange County {N=2) 0.13
Pasco County {N=19) 0.45%
Pinellas County {(N=12) .55
Putnam County {N=1) 0.20
Wakul la County {N=2} 0.38

1989 Altligator Samples, Chemical Residue Laboratory, Division of
Chemistry, Bureau of Food Grades and Standards, Division of Inspection,
Florida Department of Agricuiture and Consumer Services
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Table 5. Expected economic value {US dollars) of the 1989 alligator
harvest, Florida Water Conservation Areas 2 and 3.

Value of hides

Value of meat

Economic Vaiue to Participants

Gross value to 39 participants

Value per participant

License fees (N=39)
Agents fees (N=38)
Tag fees (N=532)

Totat

Economic Value to the State

$190,882.00
$79,800.00
$270,6882.00

$6,940.00

$8,750.00
$1,900.00
$15,960.00

$27,610.00




A SURVEILLANCE METHOD FOR MONITORING ALLIGATOR NESTS
R. Howard Hunt
Department of Herpetclogy

Zoo Atlanta, Atlanta, Ga. 30315

Abstract: I describe a field tested method for taking
surveillance photographs of alligator nest sites. The
surveillance system is weatherproof and produces high

quality photographs under all light conditions.
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Hunt
Crocodilian nests attract predator activity but

predators are seldoam positively identified. In Louisiana
predators of alligator eggs occasionally have been
identified by observing the incident and by monitoring
dved alligator egg shells in raccoon scat {(Joanen,1970;
Fleming, Palmisano and Joanen, 1976). In Okefenokee Swamp
Kodak Instamatic cameras with mouse-trap shutter releases
were mounted on stakes and positioned near nest mounds;

photographs identified rice rats, Oryzomys palustris;

racceoons, Procyon lotor and black bear, Ursus americanus

preying on alligator eggs (Hunt, 1989). In Everglades,
Florida surveillance cameras using infrared film did not
identify predators of eggs but did record next excavation

and neonate transport by an American crocodile, Crocodylus

acutus (Ogden and Singletary, 1973). My paper describes a
surveillance system using a 35 mm single lens reflex camera
with infrared trigger.
METHODS AND MATERIALS
Canon cameras {(Canon U.S.A. Inc. One Canon Plaza, Lake
Success, N.Y, 11042) were nused to monitor six nests in
Chesser and Grand Prairies of the Okefenokee Nationmal Wildlife ;

Refuge, Ga. U.A.A., Chesser-Grand Prairie is an agquatic

macrophyte marsh.

Components of Surveillance System

1. Camera- Canon T=-70. This model is no longer manufactured
but the less expensive T-50 can also be used. Estimated
expense for a used T-70 or new T-50 body is $100-200.

2. Lens- Canon FD 50 mm, £ 1.8=$50; FD 28 mm £ 2,8-%60
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FD 24 mm, £ 2.8-$150

Extension cord- Canon 1000, T-3 , 10 m - $30.

Flash- Vivitar 2000 (Vivitar Corporation, Santa Monica

Calif. 90406-2100, U.S5.A,})- $30.00

Diving bag- EWA Marine( Pioneer , Westmont N.J. 08108=$120

Battery wall clock-$1D

Parts to waterproof transmitter- PVC pipe 17.5 ¢cm X 5 cm

PVC screw cap, glass lens.

Parts to waterproof receiver-Clear plastic pipe 15 cm X 5 cm.

two PVC screw caps.

Transmitter and Receiver- Canon LC=-2- §150

Parts to mount camera, transmitter and receiver- wcoden stakes

stainless steel bolts and rubber washers.

Umbrella

Film- Fuji Chrome 100 and 400; Kodachrome 64, Ektachrome 200

and 400.

Batteries- Camera= two AA alkaline (24 hr use change 2X week)
Flash- four AA alkaline (24 hr use change 1lx day)
Transmitter-two AA alkaline (24 hr use change
3X week)

Receiver-one lithium 6v (24 hr use change 2X week)

Power Pack ( for flash if batteries not used- Simon

Supercharger (Tim Simon Inc. San Rafael Ca. 94901)= $70.

Dessicant ~Silica gel beads

Silicaone tape
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Assembly of Waterproofing Components
Holes were punched in the diving bag to mount the

camera and to connect the extension cord from camera to

receiver. A hole was drilled in each plastic pipe to

receive the mounting bolts of the transmitter and

receiver. Sillcone tape was used to seal the threaded

caps of the plastic pipes. A clear glass lens was glued

to the end of the PVC pipe containing the transmitter.

Diijct tape was wrapped around the extension cord to

protect it from abrasion. .

Operation of Surveillance System
The camera was placed in the diving bag and, in

wide-angle program mode, it was focused on the nest from
a distance of 2-5 m. The flash unit was mounted on the
camefa's shoe and was set for manual operatioh.
The transmitter and receiver were set on auto-sensing mode
and positioned 1-3 m from each other, .5«1.5 m from the
nest mound and 3-5 m from the camera. The transmitter and
receiver were sealed inside the plastic pipes. The height
of the transmitter and receiver above level ground or water
wag2r .25-1 m. Height of camera above water or level ground
was 1-2 m. To resist dislodgement, mounting stakes of
camera, transmitter and receiver were pushed deeper than
.5 m into substrate., To insulate film from solar heat,

cameras were shaded with a small unbrella or placed under

available shrubs. In operation, the receiver released the
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shutter of the camera each time an animal blocked
the infrared light path between transmitter and receiver(Fig.l).
Repeated movements of the animal through the light path produced
up to 36 exposures. To record the time of the exposure a
wall clock was placed in view of the camera.
RESULTS AND DISCUSSION

At the six nests, the surveillance cameras exposed
109 photographs, identifying alligators tending nests and
bears preying on eggs. It was thought that predators of eggs
would occasionally damage surveillance equipment but only
one incident occurred: a bear bit through white PVC pipe
protecting a transmitter. It was possible that the bear
associated the white pipe with a white alligator egg. It
was thought that flash units would affect behavior of animals
preying on eggs. Seventy nine of 86 photographs identifying
black bears were exposed in daylight hours: it was possible
that bears reacted to;the initial flash of light in darkness
and left the nest before exposing additional photographs. To
avoid the use of flash, infrared film could have been used
for night time surveillance but in daylight hours solar heat
can destroy this type of film. It was thought that the sound
of the cameras' motordrives might affect animal behavicr but
this was not clearly demonstrated. Sealing the camera in a diving
bag insulated the motor drive and the resulting sound was
inaudible te humaps:at:=a-distance of 5 m from the camera. Surveillance

cameras did not show alligators and bears in the same photograph
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but in one daylight photograph a bear ran before comsuming
eggs. If the bear wasn't responding to the sound of the
camera's motordrive it was possible that it was reacting

to an alligator outside the viewing range of the lens.

Wide angle lenses with a field of view of greater than 80°
should be used in situations where the camera must be placed
a distance of 2 m or less from the nest. Thus, the FD 24 mm
lens is especially valuable for documenting interactions
between alligators and bears.

In avian and mammalian studies researchers have assembled
triggering devices and modified cameras for surveillance work.
Montana biologists used surveillance cameras with infrared
sensors detecting body heat, to photograph grizzly bears; as
bears approached bait stations, the sensors triggered the
camera and flash (Turbak,1990). In Nepal, Hillard (1989)
used a surveillance camera for identification of snow leopards;
a pressure plate was wired to a 35 mm camera and placed in the
cats' path of travei. When the leopard stepped on the pressure
plate the shutter was released. After AA batteries failed to

provide consistent power, a 6 volt battery was used. Although

a surveillance camera was in place 561 nights, only a few
photographs were produced from two dééen visits by cats.
Savidge and Séibert (1988) described a surveillance method
for recording predation at bird nest using Kodak disc cameras

(Eastman Kodak Co. Rochester, N.Y.). The disc cameras were

wired to a trigger consisting of an infrared light-emiting

diode and photoreceiver supported by plexiglass arms
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that produced a beam directly above the nest. When a
predator entered the nest, it interrupted the beam of light
and triggered the camera. Maximum possible distance
between the transmitter and receiver of this surveillance
system is 30 cm,

The Canon surveillance system should be used in
situations where high quality, sequential photographs are
desired for interpretation of crocodilian nest depredations.
The éystem can be easily waterproofed and the factory made
components are dependible in extremes of temperature and

humidity.
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Fig. |. Cannon camera surveillance system. An animal

blocking the light path from the transmitter, signals
the receiver to release the camera's shutter.
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With this paper it is mainly intended to encéurage the
discussion on how an uninterrupted marking system for
erocodilians and their skins, starting from a country of
origin until the final product ends up with the consumer
somewhere else in the world, could look like and to show

possible solutions within the scope of CITES.

Legal requirements according to CITES

' Article VI.T of the Convention on International Trade in
é Endangered Species (CITES) provides that CITES protected
specimens or any recognizable part or derivative thereof

may be marked.

Since 1975 when CITES'entered into force parties have in-
creasingly recommended that in certain fields 1ike i.e.

crocodile ranching projects or the crocodile quota system,

the export and import should only be allowed if the




specimens are marked.

Already at the 8. meeting in Quito in 1986, the IUCN-
Crocodile Specialist Group has demanded a marking of all
skins moving in world trade. This could contribute
considerably towards petter controls in international
trade and render it much more difficult to take illegally

animals from the wild and export their skins.

Additional provisions regulating the marking of

crocodilians and their skins in trade aceording to

CLTES
Marking of crocodilian skins was for the first time agreed
upon at the 2nd Conference of the Parties in San Jose,
Costa Rica in 1979 by adopting CITES-Resolution 2.12.
However, this "farming-resolution" contains no information

on how this marking sheould look like.

Only during the 4th Conference to the Parties in Botswana
in 1983, Zimbabwe succeeded in down-listing its Nile-
crocodile population pursuant to "ranching-resolution™
3.15 from Appendix I to Appendix II. From that time on,
crocodilian skins from Zimbabwe were commercialized with

marks affixed upon them azs provided for in Resolution

3.15.

A4 remarkable step forward was made, when during the 5Sth
Conf'erence to the Parties Resolution 5.16 was adopted,
giving exact details on minimum requirements for marking

specimens from approved ranching projects. This resolution

51




very clearly states, that there should be a uniform marking

system.

During the same conference, the contracting parties adopted
another resolution, that is Resclution §.21, stating that
the specimens which are to be commercialized or derivatives
thereof have to be marked, according to the special
eriteria which must be fulfilled for downgrading a speciles
from Appendix I to Appendix II under a yearly quota
management. This resolution does not state how this marking
shouid look like, but this has been explained in more
detail in two notifications of the CITES-secretariat i.e.

No. 364 and 375.

At the 6th Conference to the Parties in Ottawa in 1987,
further innovations were made concerning the marking of
orocodilian skins. These innovations were laid down in
Resolution 6.17, regulating the procedure for marking
orocodilian skins in quota countries, and Resclution 6.21
regulating the application of the uniform marking system

for skins originating from registered breeding operations.

The latest Resolution dealing with marking requirements
for specimens and their parts in trade with populations
both in Appendix I or Appendix II was adopted at thq
7th CITES Conference 1989 in Lausanne. This Resoluticn
7.12 recommends among‘others for live captive bred

Appendix I specimens of high value - for instance Gavialis

gangeticus or Crocodylus intermedius - the use of coded




microchip implants on a trial basis.

The above mentioned considerations show that crocedilian
skins or live captive bred Appendix I specimen of high
value have only to be marked according to various CITES-
regulations if they come from a ranching-project, an
approved breeding operation or a country which has been
granted an annual quota according to Resolutions 5.21
and 7.11. Table 1 shows the countries of origin and all
crocodilian species concerned which have to be marked

if internationally traded.

Applied methods for marking croccdilian hides

The tag which is used in most countries of origin for
mérking crocodilian skins has been developped in the
United States and was first applied for marking the skins
of the American-alligator. The tag is a plastic loop,
which once attached cannot be remo;ed without destroying
either the tag or the skin. These tags are big enough to
bear a full number code and could be fastened in a natural
opening of the skin, like for instance the cloacal

opening.

Advantage: The plastic tags are relatively secure against 1
falsification, easy to apply and resist most of the

processing operations to which a rept.lle skin is subjected;

they could alsoc be uséd for identification of entire,

stuffed specimens.

Disadvantage: It is necessary tc change over to another




system of marking for reptile products for further
processing which prevents continuous monitoring (Welsch,

1987).

With the exception of Australia and Zimbabwe, most of the
countries mentioned in Table 1 use the United States!

plastic tags for marking their skins.

The ranching project of Papua New Guinea includes the
export of two different species of croecodiles. The country
uses plastic tags with different colours for the different
species. All skins of freshwater-croccdiles, Crocodylus

novaeguineae are marked with green tags while the skins of

saltwater crocodiles, C. porosus receive red tags (CITES-
Not. 470, 1988). The plastic tags which are affixed upon

skins frem the Australian ranching project differ in its

general appeararnce from the U.3." tags.Australia uses

two approximately rectangular small plastic plates

{ca. ¥ x 2,5 em) having a plastic flap on one of the long

sides which serves for sealing both parts together.

So what is the information printed on the tags moving in
trade? Pursuant to CITES-Resolution 5.16, the 'uniform
marking-system' requires only the I0S-Code for the country
of origin, an unique identification number and the year

of production. All tags presently in use fulfill these

requirements and are éven more specifie than that.

The Australian tags - so-called 'Allflex-tags' - even

contain additional informations, i.e. an abbreviation for




the species from which the skin has been taken and
display of the‘logo of the state-wildlife authority of
Queensland or the Northern Territory (CITES-Not. 406,
1986).

All countries using the U.3.' tags state more or less
as in Table 2 listed the same kind of information on

their labels:

Table 2: |

INFORMATION ON U.S. PLASTIC TAGS

- Abbreviation CITES
- IGS country code
- Species code,

i.e. 'NIL' for Crocodylus niloticus or

'GTR' for Alligator mississippiensis

Year of export :

Serial identification number

The tags on crocedilian skins originating from South ‘
African farms do alsc comply with 'requirements of the
uniform marking system' provided for in CITES-Resolution :
6.2%. As additiconal information they state the name of :
the farm and the registration number which has been

given by the CITES-Secretariat.

Existing methods of marking crocodilian leather i

products

As far as the author of this report knows, apart from the

marking systems accepted by the responsible management




authorities in Australia and in the Federal Republic of
Germany there are no other internatiocnal marking systems
for croecodilian leather products which comply with CITES

regulations.

Finished products from crocodilian leather and other
reptiles can be marked with an identification tag which
is attached to less obviocus parts of the product. If

the identification code on the tag is checked via a
central computer, the transition from the marking of the
raw material to the marking of the finished product is

ensured with sufficient reliability (Jelden in press).

Disadvantage: It is necessary and obviously not to avoid
to change the marking system from tags on the skins to
another system in order to ensure continuocus marking. If
the US-plastic tags on the skins remain attached to the
tail-tip until the skin has been tanned and finished then
only a small part of the skin remains unfinished. In

this case the US-tag will only be exchanged to another
marking system when the skin is cut into pieces to
manufacture a particular product like i.e. handbags, belts

and others.

Existing methods for marking live crocodilians

Various methods of marking live crocodilians have been
described in the past; like metal or plastic markers
attached to tail or neck scutes, marking with water

resistant colours, hot- and freeze-branding, clipping of

scutes, photographic documentation or implantation of a




¢cede-number bearing microchip by means of a disposable

needle (Anon. 1989, Honegger, 1979).

When greater numbers of live crocodilians are intended
to be exported for the pet- or ranching-industry, the
animals should at the latest be marked before they are
experted. In my Opinion,_the only tweo ways for doing
this are the application of metal-markers or the micro-

¢hip-systemnm.

Metal:markers have already proved highly successful for
the marking of sea turtles {Balazs & Gilmartin 1985).
These markers consist of a nonrusting metal strip, which
is closed with the help of special pliers and a pin which
constitutes the connexion with the animal tissue. A
letter-number code stating all information given by the
uniform marking system or other data may be stamped

inte the metal strip. With crocodiles the tail is

particularly suited for affixing the marker.

Advantage: When using nonrusting material the durability
of the marker is very good, and when it has been affixed

in the right place the risk of lcosing it is very small.

Disadvantage: An infection due to marking the correspond-
ing part of the body cannot be excluded; however, with
expert handling the risk of an infection is very small.

The mark mars the animals appearance.

According to what we know today, the microchip system is

the most universal and reliable method for marking live




animals. This includes a microchip embedded in bio-
plastics which is implanted intoc the animal with the
help of a hypodermic needle. The code-number contained in

the chip can be recalled by a reading device.

Advantage: The system is relatively secure against
falsification, it is very durable and doesn't handiecap
or mar the animal as the chip grows together with the

surrounding tissue.

Disadvantage: The reading device has only a very short
range and the chips are still fairly expensive (~5,- US §$

in 1989).

Objectives and requirements of an uninterrupted

marking system

Fortunately the marking tags and identification systems
used in the different countries of origin are either
identical or at least similar. But what are the basic

requirements to be met by a marking system?

- In order to facilitate compliance with the CITES-
regulations the system must be standardized.

- It should be of simple design, practical, easily
attachable and registration should be possible.

- It should be easy .o comprehend.

- Imitation or falsification should be as difficult as

possible.

As far as we know today, the above menticned requirements

are most likely to be fulfilled by a physical but not




by a chemical marking system. With its Chelonia mydas
ranching proposal France submitted a marking system on a
chemical basis at the 6th Conference to the parties in
1987. One of the reasons why this proposal had been

rejected was the unreliability of the chemical marking.

The above mentioned considerations and comments show that
an uninterrupted marking system could be put into practice

as follows:

1. Hunters and skin traders in the countries of origin
should require a licence granted by the government. !
Traders should have to keep an account of their deals.
Licences for hunters coculd be granted on the basis of
an annual quota. Licences in this case should only be

valid for a certain time period.

2. Only skins and live animals of a certain size category

should be permitted for export.

3. Tags should indicate following information:

I0S Country code; j
- Speciesz code; |
- Serial identificaticon number;

- Production year;

- Countries with an annual quota system: the actual

quota and the actual number of the skin should be

stated, e.g. 1000/811 would mean that a country has

an annual quota of 1000 skins and that the 811th

skin is intended for export;




- Description of product, e.g. flanks, bellyskin,
handbag;
- Number of official inspector;

= Actual s3ize of skin or animal intended for export.

For skins, flanks ete. only the "JS=-tags" should be
used as previous experience has shown clearly that
these best withstand the strain of chemical and

mechanical processing.

Regular ad hoc-inspections of tanneries, skin dealers

and hunters should be conducted.

Skinas or live animals intended for export should be
inspected prior to their export by an official

inspector of a wildlife conservation authority, in
order to check permitted size categories, type of
species ete. After the inspection official inspectors
may affix a tag at the far end of the skin, e.g. the end
of the tail. The far end must be chosen for processing

reasons.

For marking live animals intended for the pet-trade
or ranching-industry metal tags or microchips should
be applied in a similar way as for skins. An offiecial
inspector should affix the tags at the tail before

export.

CITES-export documents shcould not be issued without

previous inspection and marking of the skins or live

animals. Tag numbers should always be stated on CITES-



export-documents.

9. Unused tags of a specific year may not be used the
following year or any other year. Surplus markers must
be destroyed. The country of origin must repcrt on
the use of the markers in its statistics which are to

ve compiled annually.

10. Plastic tags affixed upon the skins have fo remain in
place until production of the finished product starts.
Further marking of finished products should be carried
cut in accordance with a system corresponding to the

cne applied in the Federal Republic of Germany.

Final comments

An effectively working marking syatem is not only an
executive instrument within the scope of CITES and it
does not only have to be that. As a kind of authenticity-
seal or trade-mark it could also help to document the
seriousness of a state's efforts to adhere to the

regulations of CITES.

Compliance with a requirement, such as it has been put
forward by the IUCN-Crocodile Specialist Group, that all
crocodilian skins moving in trade must be marked without
exception irrespective of whether they come from ranching,
farming or other management projects, doesn't mean an
unjustifiable burden for a states' enforcement bedies.
Proper trade controls could even help to promote marking

systems to become a symbol for quality not only in
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countries of origin but zlsc in consumer states. Further-
more effectively working marking systemsz contribute
congiderably, to exclude all those skins from international

trade which are of illegal crigin.
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Alligator Farm Designs in Louisiana
Ted Joanen and Larry McNease

Louisiana Department of Wildlife and Fisheries
Grand Chenier, Louisiana 70643

Introduction

The Louisiana Department of Wildlife and Fisheries regulates
alligator farming under Title 56, revised 1989 edition, along with
Commission rules and regulations. Previous attempts at alligator
farming consisted of housing young alligators in outside pens.
Growth rates were sporadic and in most cases these pens were
overstocked. Size classes were mixed and oftentimes, fighting and
cannibalism resulted. Overall, growth was only slightly increased
as compared to wild alligator growth. Mortality amongst hatching
year young were usually quite high, and as a result, none of these
earlier farms were considered profitable. The majority failed to
demonstrate that alligators could be raised commercially in
captivity and therefore soon went out of business.

Temperature is an important factor governing growth and it
varies considerably throughout the range of the alligator. In
southern Louisiana, Chabreck and Joanen (1979) reported
approximately seven growing months per year for immature alligators
and Joanen and McNease (1971) reported similar growth periods-for
adults. Coulscon et al. (1973) demonstrated that under laboratory
conditions, alligators did not initiate feeding activities at
temperatures below 72° F. It was not until the advancement of
controlled environmental chamber culture (Coulson, et al. 1973)

that alligator farming began to demonstrate itself as an

economically sound business venture.




Experimental Designs

Coulson's 1973 studies demonstrated captive reared alligators
from heated environment had a superior body condition to wild
alligators (they were 10% heavier per given length) and were twice
the length of wild alligators of the same age. Joanen and McNease
(1976) reported alligators fed a ground fish diet while in
controlled chambers maintained at 82° to 86° F converted 49.5% of
the food consumed (dry weight) into body mass over a 33-month
period. After 26 months of intensive feeding, females averaged
42.7 1lbs. and were 5'3" while males were 56.5 lbs. and 5'6"'; 10%
of the alligators measured were more than 6'. In Louisiana, growth
rates under natural conditions would require at least 4-5 years for
an alligator to reach 5' in length (Chakreck and Joanen 1979).

Mortality under environmental chamber culture was found to be
quite low. Survival rates from hatching to the end of the third
year averaged 95% (Joanen and McNease 1976).

The advantages of using the heated grow out system as compared
to natural ponds were documented as increased food conversion
rates, growth, and survivability. This allowed the farmer to
produce a marketable size animal, 4-1/2 to 5' long, in less than
two years. As a result of these studies, the Louisiana Department
of Wildlife and Fisheries mandates the use of controlled
environmental chambers on all farms for housing animals up to 4'
'in 1length. These dJgrow-out sheds, according to Louisiana

regulations, must be capable of maintaining a constant minimum
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temperature of 85° F.

Considerable resources have been invested by the Louisiana
Department of Wildlife and Fisheries in an extensive research
program aimed at establishing the feasibility of raising alligators
in captivity for commercial and conservation purposes. However,
the lack of source for suitable farm stock has severely limited
the expansion of alligator farming operations in the United States.
The Louisiana Department of Wildlife and Fisheries realized this
need and has provided stock off state-owned lands since 1977.
Farmers were given hatchlings annually until their breeding stock
became sexually mature and capable of producing the number of young
required to become self-sustaining. However, the state sponsored
hatchling supplement program has not satisfied ;he demand for new
farm expansion in Louisiana. As a result, alligator egg
collections from private lands (ranching) were allowed for the
first time in 1986. The total number of farms in Louisiana
expanded from 15 in 1985 to over 85 in 198%. Expansion continues

and the total number of farms in Louisiana will reach 100 in 1990.

Operatjonal Design

As a result of the license requirements, calling for the use
of controlled environmental chambers by Louisiana farmers, two
basic shed designs have evolved. The most commonly built shed
consists of single layered concrete vats, enclosed with metal sides

and roof. The shed is well insulated and heated by two sources.

One source of heat is through water piping in the concrete floor




spaced approximately 2' apart and running the entire length of the
building. A hot water heater furnishes the heat source and is
controlled by thermostats. The second source of heat comes when
the vats are cleaned and refilled with water. Heaters furnish
incoming hot water mixed with tap water and enter the tanks at
approximately 89° F. This maintains constant temperature within
the shed on a daily basis. This method prevents the temperature
lag created by filling with tap water. This fill water heat source
is used only once a day when the tanks are refilled.

Each shed is constructed with a center walkway which affords
easy access to a series of concrete vats on either side. Feeding
platforms for each pen are accessed through doorways adjacent to
the center walkway. Grated drains extend the entire length of the
building and are controlled by a common value. The drains are set
usually in the center of each pen. FEach vat has rounded corners,
thus preventing pile-ups and drownings which might otherwise occur
during the refilling process. Pile~up and drowning has been
demonstrated to occur more often in the hatching year class than
in any other age group.

The second most commonly used design is the stacked fiberglass
trays concept. Several farmers have used this space saving idea
and may have as many as four levels of fiberglass trays in a single
shed. Heating is accomplished as described earlier for the single
layer shed. Feeding and cleaning the upper level trays are done
by the use of ladders. Exhaust fans are used by the attendants

when they spend extended periods of time in the sheds such as
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during the cleaning process.

The walls and roof may be insulated freezer panels purchased
from manufacturer and delivered to the site. Usually these
buildings are erected by the manufacturer on a concrete slab. The
slab is constructed with the continuous water piping imbedded in
the concrete and spaced approximately 2' apart. The water piping
extends the entire length of the concrete slab and will later
provide the major heat source for the building. The bottom row of
tanks are constructed of concrete and the upper compartments
consist of fiberglass trays with approximately 3' of spacing
between trays. Approximately 25% of the farms in Louisiana are
using the stacked concept.

Waste Water Discharge

All waste water discharge is subject to regulations of the
Louisiana Department of Environmental Quality. Regulations for
disposal of waste water from alligator farming and processing
facilities is subject to the Louisiana Water Control Law (part of
the Louisiana Environmental Quality Act, L.R.S. 30:1051 et seq) and
requires at minimum the use of a series of oxidation ponds. These
ponds are constructed in accordance with state regulations and the
size and number of ponds required depends upon the size of the farm
culture and processing facility.

Summary
The development of the heated shed concept along with wild egg

collections have been the catalyst that sparked alligator

farming/ranching into a multi-million dellar agri-business in the




State of Louisiana. Culture in heated sheds has taken a relatively

slow growing animal and produced a marketable size alligator in

less than two years with minimum mortality. Although shed designs

may vary somewhat, the commen denominator that all alligator

farmers must have is a source of reliable heat, produced at a

relative cheap cost. As alligator farm expansion continues, new

and cheaper sources of heat will be developed in keeping with the

demand of this fledgling industry.
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Introduction
is ica ectiv

According to Stevenson (1904), the alligator has been in
commercial trade since 1800. Audubon (1827) reported alligators
to be very abundant in the Mississippi and Red Riveré of Louisiana
and many thousands were killed for articles of trade. He stated
"the discovery that the skins were not sufficiently firm and close
grained to prevent water passage put a stop to the general
destruction of alligators, the effect of which had already become
very apparent". Audubon (1827) further stated "as water levels
receded alligators congregate into the deepest hole in vast numbers
and to this day, in such places are shot for the sake of their oil,
now used for greasing the machinery of steam engines and cotton
mills. The alligators are caught frequently in nets by fisherman,
also Negroes kill them during the autumn period as the alligator
leaves the lake to seek winter quarters®. According to Stevenson
(1904), alligator skins became scmewhat fashionable in about 1855
but for only a short period. The demand ended after a few thousand
skins were shipped from the Gulf States. Alligator skins were used
extensively during the Civil War (1860-1865) with many thousands

of alligators being killed to supply shoe leather. Shortly after
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the Civil War when free commerce in shoe material was restored, the
alligator was again left alone for a brief period.

Stevenson (1904) related that in 1870 "a large demand was soon
created resulting in the slaughter of many thousands of animals
each year, giving employment to hundreds of men. The demand soon
exceeded the productive capacity of the United States and a large
number of skins were imported from Mexico and Central America. As
a result of the large demand for alligator skins, imitation
alligator leather was first prepared in 1large quantities,
principally from sheep skin or from cowhides and embossed with the
characteristic alligator markings by passing the skins between two
rollers. During 1869-70, the alligator rose to the top of the
fashion scale of all leathers.

Smith (1893) estimated that no less than 2-1/2 million
alligators were killed in Florida between 1800 and 1893. A good
market was developed for alligator skins about 1870 and as late as
1902 the output of the U. S. tanneries was approximately 280,000
skins annually with about half of these being furnished from Mexico
and Central America. At that time, it was estimated that Florida
supplied 22% and Louisiana 20% of the total number of skins used
in the U.S.A each year.

McIlhenny (1935) estimated that 3 to 3-1/2 million were
harvested in Louisiana between 1880 and 1933. Kellogg (1929)
reported approximately 10,000 skins per year were taken in Georgia

between 1922 and 1926. He further stated that as a result of the

drought conditions that existed in Louisiana in 1924 and 1925,




unusually large numbers of skins were taken. In 1925 and 1926,
21,885 and 36,041 skins were taken respectively in Louisiana.
Louisiana severance tax records show 414,126 skins sold between
1939 and 1960, with the majority (57%) being taken between 1945 and
1953.

Prior to the 1960's, size limits were not imposed on
Louisiana's alligator harvests and all size classes 2' and greater
were included. No matter how large a skin was, the hunter was paid
for a maximum skin length of 8' for a 10', 12', or 14' skin; he
received the same amount of money as he did for an 8' skin (Arthur
1928) . Louisiana Department of Conservation records indicate that
the 1943-44 season was the first year alligator skins 10' and above
were recorded. It is believed that during the 1943 season, skins
were first bought on a per foot of length and a grading system
similar to that used todéy was introduced.

As the alligator population declined in the early 1950's,
tanners developed new markets for small skins. A tremendous
interest was generated by Japanese markets for hornback alligator
skins (2-3' size class). Buyers encouraged hunters to take small
skins in order to fill the demands which no longer were being met
by the declining population of larger sized animals. This market
was short-lived and in 1962, Louisiana Department of Wildlife and
Fisheries closed its season to the taking of alligators and began
a concentrated effort to manage this valuable resource. Other

states soon followed and the alligator was given full protection

within its range.




Current Alligator Harvest

The Louisiana Wildlife and Fisheries Commission reopened the
alligator season in 1972 and was confined. to one parish in
southwestern ILouisiana which according to the aerial surveys,
housed the largest segment of the coastal marsh alligator
population. The hunt area was gradually expanded until 1981, when
the season was opened statewide.

Between 1972 and 1989, 229,592 alligators were taken in the
state hunt (Figure 1). The largest alligator population occurs in
the lower third of the state (about 85% of the total) and most of
the hunters are in that zone, and therefore accounted for about 91%
of the kill. Wild skin prices varied from U. S. $7.88/foot in 1975
to a high of U. S. $50.00/foot in 1989 (Figure 2). Prices paid for
Florida and Texas skins were very similar to those shown in Figure
2. Factors influencing prices were: the demand for skins;
international prohibitions of foreign commerce; and inflation or
devaluation of American currency. The average size of animals
taken during the 16 years of harvesting in Louisiana has remained
fairly constant from year to year. The average of all skins
measured (N = 229,592) was 7.02' with a range of 3' to 14'. Of the
skins taken, 81% were between 5' and 8°'.

Farm raised skins did not enter the Louisiana program until
1972. That year 35 farm raised skins were sold. The average size
of all farm raised skins measured (Figure 1; N = 69,944) was 4.4'
with a range of 2' to 7°'. Most of the Louisiana farm raised

aliigators reach marketable size in less than two years of age.
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Louisiana's 1989 farm production is estimated at 50,000 skins,
along with a 25,000 wild skin harvest. The state's harvest from
both farm and wild amounted to 77% of the United States alligator
skin production. The economic value of the wild and farm harvest
to the state amounts to about $18 million annually. France, Italy,
and Japan continue to be the major tanning countries purchasing the
Louisiana skins. Of the 26,798 farmed skins sold in 1988, France
tanners purchased 69%, Japanese tanners 15%, Italian tanners 8%,
and Singapore tanneries 7%.

There are currently 92 licensed alligator farms/ranches in
Louisiana. Statewide farm inventory presently amounts to
approximately 223,000 alligators. Sixteen farms have been in
business long enough to establish breeding facilities and
approximately 2,123 breeders are being maintained.

Louisiana alligator farm inventory expanded tremendously
during 1989 as a result of an aggressive farm stock collection
program; utilizing wild produced eggs and hatchling alligators.
During the summer of 1989, approximately 182,671 eggs and 1,351
hatching year young alligators were collected on privately owned
wetlands. The egyg collection program produced a total of 143,090
young for a 78% hatching success. These eggs and young were
collected over 1.84 million acres of coastal marsh, swamp and lakes
throughout Louisiana. During 1989, 8,462 3'-4' alligators were
released back into the wild as compensation for the collection

procedure. Florida's farm production gradually increased from

3,921 skins in 1986 to 16,385 in 1989.




Alligator hide production in other states such as Texas and
South Carolina is expected to increase in the near future (Table
1). Our best estimates of Florida's farm inventory amounts to
approximately 92,000 alligators in captivity. Fifteen of the
largest farms in Florida maintain sizeable numbers of alligators,
ranging from 5,000 to 10,000 animals. Florida captive breeding
alligators number slightly over 6,700 animals, and produced
approximately 15,000 hatchlings last year. Louisiana's relatively
young breeding herd numbers over 1,100 adult females and produced
4,400 hatchlings in 1989, which amounted to slightly less than 3%
of Louisiana's annual production.

Louisiana will continue to be the lead state in production of
alligator skins both from the wild harvest and from farms.
Predications indicate Louisiana will produce approximately 100,000
farm skins in 1995 along with a wild harvest of approximately
25,000. Florida predicates a harvest of approximately 46,000 farm
skins along with a wild harvest of approximately 12,000 skins
annually (Table 1). Production from the states of Texas and South
Carolina combined will remain below 5,000 skins.
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Comparative Growth Rates of Young Alligators
Utilizing Rations of Plant and/or Animal Origin

David R. Kercheval
Department Head, Agricultural Sciences
Houston Community College
5514 Clara
Houston, Texas 77041

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

Abgtract

Data was compiled on 103 hatchling and yearling
alligators (Alligator misgissippiensis) for approximately 8
months to compare their growth rates when fed rations of
either plant, animal, or plant and animal protein origin.
The rations consisted of dry meal ingredients without the
addition of any type of ground meat.

Although all alligators grew without any evident ill
effects, those fed the combination diet excelled. The
research also indicated that taurine was not critical to the
alligators' diet at 500mg/kg of ration.

Purpoge
The purposes of this research project were to determine
the following related to Alligator mississippiensis: (1)

Compare the growth and develocpment rate of alligators

ississippjensis) fed rations composed of protein
from different origins, (2) Observe differences, if any, in
growth rates of alligators fed a plant protein formula where
taurine (beta amino ethane sulfonate) was added to the
ration, (3) Evaluate the effectiveness of a ration combining
protein sources from plant and animal origins as compared to
a ration consisting solely of either plant or animal protein
origin, (4) Determine any feeding problems or advantages
created by using a dry mill type ration for the project
without the addition of ground meat.

Met d aria

The research was conducted utilizing alligators in 2
different age groups. Each age group was divided evenly and
randomly into one (1) of four (4) chambers for the project.
The chambers were 8' wide by 16' long with 2' sidewalls
enclosed with plywood sides and a concrete floor. There
were approximately 5-10 cm. of 31 degrees C. water covering
25% of the floor area. The water temperature was controlled
with an in-line heating system and hot water heaters. This
arrangement aided in keeping the alligators' metabolism at a
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rate sufficient to allow them continued growth throughout
the experiment.

The alligators in Chamber 1 of each age group were fed a
ration utilizing protein of plant and animal origin.

Those in Chamber 2 were fed a plant protein ration.

Chamber 3 was the control group with a ration of animal
protein origin.

Chamber 4 was fed a ration of plant origin protein + 500
mg of taurine/kg of ration (BioKyowa Inc., 1987).

All rations contained an equal supplement of vitamins,
minerals and salt. Water was Ad Libjtum since it is readily
available in each chamber.

A dry meal type formula (Tables IX-XII) was mixed with
water at approximately a 50% ratio creating a dough-like
mass. There was no meat added to any of the rations.

The alligators were fed every other day. After the
alligators had been given an opportunity to eat all they
wanted within a one-hour periocd, any excess food was removed
and weighed. The pens were washed down and refilled with
fresh warm water.

All chambers and equipment were in place in a metal
building at the Agricultural Science Center of Sam Houston
State University.

Regults

The four (4) study groups of Alligator mississippiensis
in each of the two (2) age brackets were observed and data

compiled for the period beginning in June, 1988 for the
yearling alligators and in November, 1988 for the hatchlings
(Table I-VIII). The research was completed in June, 1989.
Based on weights, body length and heart girth measurements
taken throughout the project, the data confirmed that
alligators can grow and be maintained on a ration of plant
protein origin. However, substantially more growth was
noted for those groups of alligators fed rations utilizing a
combination of plant and animal protein or simply an animal
protein ration (Figures 1-8).

In the plant formula where 500 mg of taurine was added
per kg of ration no substantial difference in those animals
as compared to the other group being fed the same plant
protein without taurine was noted (Table XII; Table II, IV,
VI & VIII).

When comparing the growth rates of those groups being
fed either an animal protein or a combination plant/animal
ration, those being fed the latter showed the most growth
with one notable exception. During the first phase of the
experiment, the yearling alligators on the animal protein
ration showed a higher growth rate than those on the
combination diet. From the second weigh period on, the
animals on the combination diet excelled.

All rations were within .06% in crude protein content.
A large amount of Alphacel was used in the animal protein
ration to hold down the protein level. There is not
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sufficient information to determine if this was a
contributing factor to the growth rate being slightly lower
for the alligators on the animal protein ration as compared
to those on the plant/animal combination ration.

Another situation occurred that should be noted. During
a period from late November, 1988 to January, 1989, some of
the alligators died due to weather related stress as was
confirmed by the Diagnostic Laboratory at Texas A & M
University. The highest losses occurred in the yearling
alligators on the combination diet. Of the seven (7) that
died, five (5) were yearlings on the combination diet, one
(1) was a yearling on the animal diet and one (1) was a
hatchling on the animal diet. During this period, outside
temperatures fell sharply and it is our feeling that we lost
more yearling alligators because they could not get into the
warm water as easily as the hatchlings thus forcing them to
remain on the cold concrete floor of the chamber. This
problem was apparently resolved when an overhead heating
system was installed. This left less animals in the chamber
utilizing the combination plant/animal diet. We cannot
confirr nor deny that this affected the final results on the
yearling alligators, but because of the final results on the
hatchling group it did not appear to be a significant
factor.

On several occasions, it was noted that the alligators
would temporarily stop eating. This seemed to cccur any
time their pattern was disturbed by handling them or if
there was excessive noise such as groups visiting. the
facility or mowers outside the building. All groups of
animals seemed to respond fairly uniformly to these
nuisances.

Another consideration during this project was using the
proper balance of amino acids in each of the rations. Where
possible 1like ingredients were used to assure as much
conformity as possible. We felt comfortable from previous
research (Staton, 1986, 1987) that adequate amounts of each
of the amino acid groups were present in all rations (Tables
XIII-XV).

Throughout the research, we were plagued by one
recurring problem related to feeding. Although the rations
seen to meet the nutritiocnal needs of the subject alligators
and were apparently palatable, a satisfactory form for
feeding the rations was never identified. A high waste
factor was evidenced each time we washed the pens out after
feeding, particularly in the plant rations. This created a
prehension problem which would obviously affect the animals!
growth rate. Future research will need to address the
economic feasibility of developing some type of cube or
biscuit which the gators can readily grab and then retain
when moving into the water.
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Figure 1: Growth rate of gators utilizing Plant/Animal protein I
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TABLE IX PLANT / ANIMAL PROTEIN RATION

CHAMBER #1
¥Crude % Used % Protein
Protein per Ingredient In Ration in Ration
Ingredient
66% Soybean Meal 18.00% 11.88
84% Fish Meal 12.50% 10.50
85% Blood Meal 12.00% 10.20
60% Corn Gluten Meal 5.00% 3.00
26% Distiller’s Solubles 38.00% 9.88
15% Wheat Shorts 1.00% 0.15
40% Yeast 1.00% 0.40
Dextrin 1.00%
Fat 5.00%
Mineral Mix 2.33%
Di-Cal-Phos 2.33%
Salt 0.34%
Vitamin Pre-Mix 1.50%
TOTALS 100.00% 46.01




TABLE X PLANT PROTEIN RATION

CHAMBER #2
% Crude % Used % Of Protein
Protein per Ingredient In Ration In Ration
Ingredient
65% Soybean Meal 38.0% 24.70%
38% Sun Flower Meal 16.0% 6.08%
60% Corn Gluten Meal 21.5% 12.90%
26% Distillers Solubles 8.5% 2.21%
15% Wheat Shorts 1.0% 0.15%
Dextrin 6.0%
Poultry 0Oil Fat 2.5%
Jones Mineral Mix 2.33%
Di-Cal Phos 2.33%
Salt 0.34%
Vitamins Pre~-Mix 1.5%
TOTALS | 100% 46.04%




% Crude
Protein per
Ingredient
80%
70%

85%

84%

TABLE XTI ANTMAL PROTEIN RATION

CHAMBER #3
% Used % Of Protein
Ingredient In Ration In Ration

Feather Meal 14.00% 11.20
Poultry By-Prod Meal 31.00% 21.70
Blood Meal 7.50% 6.375
Fish Meal 8.00% 6.72
Alphacel 25.00%

Dextrin 3.00%

Poultry 0il (fat) 5.00%

Jones Mineral Mix 2.33%

Di cal Phos 2.33%

Salt 0.34%

Vitamin Pre-Mix 1.50%

TOTALS 100.00% 45.995%




TABLE XII PLANT PROTEIN RATION + TAURINE

CHAMBER #4
% Crude % Used | % Of Protein
Protein per Ingredient In Ration In Ration
Ingredient
65% Soybean Meal 38.0% 24.70%
38% Sun Flower Meal 16.0% 6.08%
60% Corn Gluten Meal 21.5% 12.90%
26% Distillers Solubles 8.5% 2.21%
15% Wheat Shorts 1.0% 0.15%
Dextrin 6.0%
Poultry ©il Fat 2.5%
Jones Mineral Mix 2.33%
Di-Cal Phos 2.33%
Salt 0.34%
Vitamins Pre-Mix 1.5%
TOTALS 100% 46.04%

NOTE: ©Sg Per 10,000g. of ration have
been added to this formula.




TABLE XIII: AMINO ACID CONTENT
AS % OF PROTEIN
PLANT PROTEIN RATIONS

RATION IS 46.04% PROTEIN

Amino Acid % of Ration = % of Protein
Methionine 1.065 = 2.313
sttine _ + 7396 = 1.606
Lysine 2.206 = 4.791
Tryptophane .634 = 1.377
Threonine 1.818 = 3.948
Isoleucine .996 = 2.163
Histidine 1.172 = 2.545
Valine 2.325 = 5.049
Leucine 4.657 = 10.115
Arginine 3.105 = 6.744
Phenylalanine 2.595 = 5.636
Glycine 1.975 = 4.289




TABLE XIV AMINQO ACID CONTENT
AS % OF PROTEIN
ANIMAL PROTEIN RATION

RATION IS 45.99% PROTEIN

Amino Acid % of Ration = % of Protein
Methionine 0.358 = 0.778
Cystine 2.197 = 4.777
Lysine 2.294 = 4.988
Tryptophane 0.359 = 0,780
Threonine 1.664 | = 3.618
Isoleucine 1.990 = 4.327
Histidine 1.124 = 2.444
Valine 2.338 = 5,080
Leucine 3.261 = 7.090
Arginine 2.393 = 5.200
Phenylalanine 1.661 = 3.611
Glycine 2.890 = 6£.283
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TABLE XV AMINO ACID CONTENT
AS % OF PROTEIN
PLANT / ANIMAL PROTEIN RATION

RATION IS 46.01% PROTEIN

Amino Acid % of Ration = % of Protein
Methionine .933 = 2.027
Cystine .648 = 1.408
Lysine 3.236 = 7.033
Tryptophane -.364 = 0.791
Threonine 1.951 = 4.240
Isoleucine 1.591 = 3.457
Histidine 2.00 = 4,346
Valine 2.651 = 5.761
Leucine 4.562 = 9,915
Arginine 2.642 = 5,742
Phenylalanine 2.440 = 5.303
Glycine 2.528 = 5.494
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BACKGROUND

Honduras (112,088 km?) is the sccond largest Ceatral American nation (after Nicaragua).
The country is dominated by a mountainous central region with rugged peaks that reach almost 3,000
m in altitude. Extensive lowland regions are found along the 644 km long Caribbean coast in the north
and a smaller amount of coastal wetlands are located in the Guif of Fonseca in the south. Along the
north coast, wetlands habitats are generally restricted to rather narrow coastal lowlands and river
valleys, especially in the northwestern and north-central region. The greatest amount of wetlands
habitats is associated with a broad alluvial plain, approximately 65 km wide, in the northeastern part of
Honduras that extends 360 km along the coast into eastern Nicaragua. This region, called La
Mosquitia after the Mosquito Indians who inhabit the region, contains extensive low-lying savanna and
coastal wetlands habitats and is continuous with the eastern Nicaraguan lowlands (also part of
Mosquitia). The majority of this region is located in the department of Gracias a Dios, containing
approximately 20% of the Honduran territory. It is the least developed part of the country.

Honduras has two native species of crocodilians; the American crocodile (Crocodylus acutis)
and the Central American caiman (Caiman crocodilus chiapasius). The crocodile is a large species
(adult males reach lengths of 3.5-5 meters) that may be found in cither freshwater or brackish water
habitats in coastal lagoons and rivers along both the northern and southern coasts of Honduras. The
Central American caiman is a smaller species, adult males reach lengths of 2-2.5 meters (Alvarez del
Toro 1974), that is found principally in freshwater marsh or swamp habitats, although it also enters
brackish water. Past commercial hunting of crocodilians in Honduras concentrated on the crocodiles
because its hide is more valuable than that of the caiman. Hunting in Honduras, as well as throughout
the range of the species, severely reduced population levels and warranted inclusion of the American
crocodile on the CITES Appendix I list of endangered species in the mid-197(’s (King, Campbell, and
Moler 1982). Owing to the less intensive hunting pressure, as well as their ability to reproduce at a
smaller size and their ¢cological adaptability, Caiman crocodilus has remained relatively numerous in
many parts of its range (King 1989), including the coastal lowlands of Honduras.

Apparently during the latter part of the 1970's and the early 1980's, the market for crocodile
skins in Honduras declined greatly. The reason for this was twofold, first, the crocodiles became so
scarce that it was difficult to hunt them for a living, and second, increased restrictions on international
trade in endangered species made the sale of crocodile hides more difficuit.

Honduras is trying to develop programs for the sustained utilization of wild populations of
Ceatral American caimans. In addition, in the private sector there is considerable interest in farming
the American crocodile, since it produces a more valuable hide. The crocodile remains endangered
throughout most of its range, including Honduras, and retains an Appendix I listing on CITES. Due to
its larger size and delayed sexual maturity, the species may be less resilient to direct harvesting from
the wild than are the smaller caiman. Other nations in Latin America are actively managing their
caiman popuiations, but Honduras is a test case for the development of the first viable management
program for a true crocodile in the Americas. No such program currently exists. If the program is
successful it could serve as a model for similar crocodile conservation/management programs in other
parts of Central and South America.

Owing to the importance of the Honduran project in terms of conservation, the management
program in Honduras must be developed carefully and with a firm scientific, as well as sociocconomic,
foundation. An adequate understanding of the current status and ecology of the wild populations is
essential for planning any wildlife management program. The survey results reported below are an
important first step towards meeting the scientific prerequisites for developing a
conservation/management program.,

Before any management program can be implemented, data must be collected on the current
status and distribution of the species to be exploited, as well as management related aspects of its
ccology. Articles TV 2a and 3 of CITES require that the Scientific Authority in cach party nation shall
monitor the issuance of export permits for wildlife species to insure that exportation will not be
detrimental to the survival of the wild populations of that species. The Scientific Authority cannot
make such a determination without data on the status and distribution of the species in the wild.
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Honduras is the first nation in Central America to initiate a regional survey in cooperation
with CITES. Two types of management programs arc currently under consideration in Honduras:

» direct harvest of caiman from the wild, and
w sustained utilization of crocodiles through farming or ranching.

‘Farming’ requires the maintenance of a captive stock of breeding animals to produce egegs and
young which are reared in captivity to commercial slaughter size. The husbandry used must be capable
of reliably producing F» generation in captivity. ‘Ranching’ involves the harvest of eggs or hatchlings
from the wild for rearing in captivity to commercial size, Ranching cannot be sustained unless the wild
population and its habitat is protected in order to produce the eggs and hatchlings needed by the ranch.
Ranching of Appendix I species is not allowed under CITES. Therefore, before Crocodyius acutus can
be ranched, a serics of country-wide surveys would have to demonstrate that the wild population is
increasing or is near carrying capacity and should be transferred to Appendix II. Short of that, a single
survey would have to demonstrate that the species is sufficiently abundant in the wild to sustain an
annual harvest.

By contrast, CITES Article VII 4 allows farms that are registered with CITES to trade
Appendix I products produced from captive propagation on those farms. This is because farming
should have a smaller potential impact on wild populations since, as a rule, only the original start-up
breeding stock is taken from the wild. Even thea, surveys of the wild populations help assess the
impact of taking start-up stock for farms,

The objectives of the present survey were to:

» determine the current status and distribution of the American crocodile and Central
American caiman in Honduras, and lay the groundwork for a long-term monitoring
program,

= produce recommendations for the development and implementation of a national
management program for both the Central American caiman and the American
crocodile, and

w obtain basic ecological data for both species.

'METHODS

The survey was divided into two principal components: 1) a calibration study on two particular
crocodile/caiman populations, and 2) surveys throughout a stratified sample of the remaining major
crocodilian habitats. A third component, the analysis and quantification of habitat types and
distribution, has not yet been completed. Actual censusing concentrated on the coastal lagoons, river
systems, and lakes which represent the major habitat for these two crocodilians. Secondary efforts
were made to census peripheral areas adjaceat to the major river courses as well as more isolated
wetlands habitats.

Besides information on current population status, one of the most critical points addressed in
any study of this type is population trend, i.e., is the population increasing, decreasing, or remaining
stable? As crocodifians are rather long-lived species, data need to be collected over a suitably long
period of time before any population trends may become apparent. The results of this survey will help
to estimate current population levels, and lay the groundwork for continued, less intensive surveying to
monitor population trends. However, a tentative assessment of crocodilian population trends over the
last 12 years can be made by comparing the results of this survey with data from censuses done 12 years
earlier in Laguna Caratasca in La Mosquitia (Klein 1976, 1977, 1979).

A, Standardized Survey Procedures
With two survey teams working in Honduras, and other CITES teams operating in other

countries, survey standardization is important so results can be compared and so surveys can be
repeated in subsequent years. This section briefly outlines standard survey procedures and presents an
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example of the standard form used in the Honduras surveys. These standardized procedures were
adheredtoasdoselyaspossible,yﬂhﬁthemwytcamswithmoughﬂeﬁbﬂitymadapttolowl
conditions,

Surveys were conducted at night. Survey teams were equipped with 6-volt headlamps as welt
as 200,000 candlepower spotlights operated off 12-volt automobile batteries to spot the reflected
eyeshine of the caimans and crocodiles. The spotlight was used for long-distance spotting as well as
navigation. The close approach of animals was best done using the less powerful headlamps. Each
animal spotted was approached as closely as possible to distinguish caiman from crocodile, and to
estimate its size.

Survey routes were first reconnoitered by day prior to conducting a nighttime survey so the
personnel could become familiar with the river, submerged logs, snags, rocks and shoal areas. It also
allowed notes to be made on habitat prior to conducting the survey. Where possible, the teams started
these daytime reconnaissances from a downstream location and moved upstream making habitat notes
and familiarizing themselves with the route. After nightfall, the actual census was made travelling
downstream, For lakes or lagoons, survey routes were based on logistic feasibility. Again it was
important to cover the survey route first during the day in order to note navigational hazards and to
characterize the habitat types.

The surveys were done from a boat by a survey team usually composed of at least 3 people.
Two survey teams were involved in the survey, one surveyed the northwestern and southern parts of
Honduras and the other surveyed the north central and northeastern regjons. Each team had one
person, i.e., Mario Espinal or Carlos Cerrato, who served as spotter throughout the surveys.

On nocturnal surveys the spotter is responsible for sighting the crocodilians, estimating their
lengths, and identifying the species, as well as helping the boat driver navigate around logs, rocks, and
shallow areas. To become proficient at spotting, and particularly at size estimation, requires practice,
Size estimates are not based on any one criterion. During a survey, the size or form of the head, or
other exposed body parts, are usually all that can be used to estimate the total length of the animal.
Estimating size is best practiced by capturing a sample of the animals seen on nighttime surveys, and
then comparing their estimated lengths with their true lengths. Another alternative is to closely
examine captive animals and practice estimating lengths of known individuals. Animals seen during the
survey but not approached close enough to allow a size estimate to be made were dassified as EO (=
eyes only). At times it was possible to make a rough estimate of size. In these cases, animals were
classified as EQ greater than 1.8 m or EO less than 1.8 m total length.

To free the spotter from distractions that might cause him to miss an eyeshine, he verbally
reported his sightings, species identifications, estimates of size, and location of the crocodilian in the
water to a second person who recorded the data on the standard form. The second person also
recorded the km distance or location along the survey route taken from maps of the area. If the
spotter were to write down these data, he would not only be distracted from his spotting, but he also
would suffer a temporary loss of visual acuity from looking at a brightly illuminated piece of paper. To
avoid backlighting the spotter which would scare an animal being approached closely, the data recorder
uscd a small flashlight to illuminate the census form. The third person drives the boat.

The spotter always remained in bow of the boat and avoided startling the erocodilians by
suddenly illuminating part of the boat with his spotlight or headlamp. He made regular, slow sweeps of
the spotlight beam along both shorelines (small rivers, streams) or along the shoreline and out into
open water (large rivers, lakes, lagoons). Upon sighting an animal it was approached as closely as
possible to estimate size as well as record pertinent ecological data, Animals were approached at
moderate speed. Surveys were conducted with the minimal amount of noise possible. To keep talking
to 2 minimum the spotter and driver worked out a system of hand signals to indicate where an animal
was and how best to approach it. Although the survey teams planned to survey rivers only while
travelling downstream to minimize motor noise, that was not always possible.

During every survey, a series of environmental parameters were recorded, ¢.g, water and air
temperature, wind speed, water salinity, tidal phase, and time the survey was started and ended (see
sample data sheet in Appendix). Important environmental parameters for each crocodilian sighting
(e.g. habitat type, water depth, position or situation of crocodilian) were also recorded on these sheets.
Members of the survey team became familiar with major wetlands vegetation types in order to
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characterize the habitat. Specimens were collected from important plant species that could not be
identified and used for later identification.

Lagoons and some rivers were so wide that the spotlight beam could not reach both banks
from midstream. When that occurred, cne bank was surveyed upstream and an hour or so later, after
the crocodilians had a chance to settle down, the other bank was surveyed downstream.

1. Estimating Population Size

Because much of the survey work was done in remote areas, under difficult logistical
circumstances, and doae as rapidly as possible, one area, which would serve as a point of comparison
for all the other areas surveyed, was chosen for more detailed work., The population data collected in
this detailed study provided the foundation against which data from all the other populations surveyed
could be calibrated. The calibration study also provided the opportunity to practice and standardize
censusing techniques. This experience proved invaluable once the general survey began. It also
provided an opportunity to collect data on aspects of the ecology and behavior of the crocodilians
which may have important conservation and management implications. All surveys were done using
the series of standardized census procedures described above. This standardization is essential for
drawing valid comparisons between areas when the censusing is done by different groups.

During an typical nocturnal survey, only a fraction of the crocodilians present in the area are
seen. This fraction is variable, and may depend on a number of factors such as water level, the amount
of aquatic vegetation, temperature, wind, rain, and even wariness of the animals resuniting from past
hunting, In addition, survey routes will only cover a small fraction of the habitat available to the
crocodilians. Even in river systems, large areas of habitat usually are available in the form of oxbow
lakes or other associated wetlands. Hence, one of the most important functions of the calibration study
was to estimate the fraction of the total population seen during surveys.

The unseen fraction can be divided into two principal components, 1) crocodilians found along
the survey route that were not seen (because they were underwater or otherwise hidden from view),
and 2) crocodilians found in areas peripheral to the actual survey route.

The Unseen Fraction of Crocodilians - One of the best methods for estimating the spotting
fraction of crocodilians is through repetitive surveys. This method is especially amenable to large scale
nocturnal spotlight censusing programs such as the one conducted in Honduras. Using standard census
methods (see Standardized Survey Procedures above), two predetermined sections of the calibration
study area were repetitively surveyed a total of 20 times each. One of the sections was in a coastal
lagoon, Laguna Bacalar, and the second was in a river, Rio Sico (on maps indicated variously as the
Rfo Sico, Rio Tinto, Rio Negro, and Rio Sico Tinto o Negro, but hereinafter referred to as Rio Sico).
The number of crocodilians seen on any one survey depends on several factors., Studies in northern
Australia (Messel, Vorlicek, Wells, and Green 1981) have demonstrated that under most conditions,
the factor of overwhelming importance is water level, particularly in areas influenced by tides or
seasonal changes in water regimes. The most crocodilians are seen during low water when they cannot
easily hide under overhanging vegetation. Data on the relationship between water level and the
sighting fraction are essential for some areas may have to be censused during high, or medium high
water levels.

The data from the calibration survey permits the estimation of the sighting fraction, the
probability of seeing crocodilians.

Ideally, the entire length of the Rio Sico would have been included in the calibration survey.
Unfortunately, fuel for outboard motors and for electrical generators to recharge spotlight batteries
was unavailable locally and had to be shipped in to the base camp in Palacios by coastal freighter. This,
in combination with the scant amount of time available to complete both the calibration and general
surveys, limited the calibration runs to the lower 19.3 km of the Rio Sico.

Peripheral Crocodilians - Although the majority of crocodilians should be found in the main
lagoon or river channel, they also inhabit peripheral areas such as oxbow lakes or fringing wetiands.
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An effort was made during the calibration surveys to visit a number of these wetlands identified from
topographic maps or from interviews with local inhabitants,

2. Ecological Information

The calibration study and surveys provided good opportunities to collect data on the ecology
and behavior of the crocodilians. During the surveys themseives, information was gathered on the
crocodilian population size-class distribution (by estimating crocodilian lengths in 0.5 m intervals).

Additional information was collected on the natural reproduction of the American crocodiles,
especially nesting data. Nesting areas located opportunistically during the surveys provided
opportunities for studying aspects of nesting ecology. Observations also were made on the captive
populations of American crocodiles on Honduran crocodile farms, These captive crocodiles were
removed from the wild populations during the previous 4 years and supply important information on
clutch size, egg dimensions and weight, fertility rates, location and size of nest hole, and the behavior of
nesting females,

The ecological and behavioral data collected during the survey are not pertinent to this survey
report and will be published clsewhere.

B. Geaeral Population Surveys

Surveys for crocodilians outside of the calibration study site of necessity was much less
intensive. Survey routes were pre-selected to cover as large a percentage of the wetlands habitat types
as possible within the time available, The work schedule and the choice of areas to be surveyed was
heavily dependent on the logistical support obtainable. The country was divided into four basic
regions: the northwestern coast, the north central coast, the northeastern coast (La Mosquitia), and the
Pacific coast (Gulf of Fonseca),

Northwest Coast - The northwest coast region extends from the Rio Motagra, which forms
Honduras’ border with Guatemala, east to the vicinity of the town of Trujillo. Most of the crocodilian
habitat in this region is restricted to riverine flood plains and a narrow strip of coastal wetlands, The
principal river system in the region is the Rfo Ulua-Rio Chamelecén system. Although covering a large
area, much of the northwest has been extensively developed for commercial cash crops (e.g., bananas,
pincapple) and the rivers are extensively used by the rapidly growing human community. Nevertheless,
caiman and a few crocodiles are still found in these rivers and surveys were conducted in a few of the
less impacted areas. Additional survey sites included the inland Lago Yojoa, Honduras’ largest lake, as
well as the Laguna de los Micos, a large coastal lagoon, and Embalse Caj6n, a hydroelectric reservoir.
An effort was also be made to census representative areas of smaller coastal lagoons and rivers along
the coast between Tela and Trujillo. Some evidence suggests that a small population of American
crocodiles still occurs on some of the Bay Islands, particularly Guanaja, although the team did not
survey the islands.

North Central Coast - The part of Honduras from Trujillo to the Rio Sico is similar to the
northwest coast with well-defined river flood plains and relatively little lowland coastal habitat. East of
the Rio Paulaya, an eastern tributary of the Rio Sico, the extensive coastal plain of La Mosquitia is
evident. Surveys concentrated on the major river systems in this region (e.g., Rfo Sico, Rfo Agudn, Rio
Chapagua) and several of the larger coastal lagoons (e.g., Laguna de Bacalar, Laguna de Guaimoreto,
Laguna el Lirio).

La Mosquitia - The northeastern region of Honduras, referred to as La Mosquitia, contains
the greatest amount of relatively undisturbed coastal wetlands in the entirc country. This region, along
with the north central coast, contains the largest populations of caiman in Honduras, and merited the
greatest amount of attention in terms of survey work. In addition, the area is relatively remote and
logistics were difficult. The region contains a vast compiex of coastal lagoons (e.g., Laguna de
Caratasca, Laguna de Ténsin, Laguna de Warunta, Laguntara, Laguna de Brus, and the Laguna de
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Ibans) and rivers (e.g,, three large rivers, Rio Patuca, Rio Platano, and Rfo Coco (also known as the
Rio Segovia), and numerous small rivers) which pass through savanna habitat. The Rio Patuca is the
largest river in Honduras. The present civil unrest in Nicaragua and bordering arcas of Honduras
prevented surveys of the large Rio Coco that borders Nicaragua, It also prevented the survey team
from repeating the crocodilian surveys done in 1976 and 1977 in the largest coastal lagoons, Lagunas de
Caratasca, T4nsin, and Warunta (Klein 1976, 1977, 1979). Surveys concentrated mostly on the lagoons
and rivers, but selected peripheral habitats were covered as well,

Pacific Coast - Crocodilian surveys were also undertaken in Honduras’ Pacific drainage in the
Gulf of Fonseca, The two principal rivers located wholly in Honduras, the Rio Nacaome and the Rio
Choluteca, were surveyed, as were several of the smaller rivers and coastal lagoons located on the area.

C. Survey Timetable

Calibration surveys began in Laguna Bacalar and Rio Sico in February 1989, and the general
surveys continued throughout the remainder of Honduras until the ead of June 1989. Carlos Cerrato
led the surveys of the north central and northeast coasts, and Mario Espinal led the surveys of the
remaining regions.

D. Habitat Types and Total Population Size

It is possible to estimate total numbers of crocodilians in an area if data are available both on
the density of the species in a given wetlands habitat and on the total area occupicd by that habitat,
Because it was feasible to survey only a small fraction of the total coastal wetlands habitat, information
on the extent of habitat is necded before an overall population size can be estimated. Detailed maps of
habitat types and their distribution can be prepared from available topographic maps coupled with
Landsat satellite imagery and on-site field inspections. Since most of the crocodilian censusing was
done at night, part of the day was spent reconnoitering the survey route and recording the habitat types
encountered along the route. These data are not discussed in this report as their analysis must await
preparation of the habitat maps from satellite imagery. When this particular work is completed, the
results will be a quantification of the crocodilian habitats of Honduras (including peripheral habitats)
and reasonable extrapolations of the total crocodilian population.

E. Taxonomic Status

An important secondary goal of this study is to clarify the taxonomy of the Honduran caimans.
The systematics of the genus Cairnan is in a particularly confused state, Authorities variously refer to
the Central American caiman as Caiman crocodilus fuscus or Caiman crocodilus chiapasius. This
distinction is important as regulating international trade in skins requires a good understanding of the
geographic variation in the species. Lack of such information has hindered enforcement of trade
restrictions on illegat Caiman hides from central South America. The Honduras survey teams made a
small collection of caimans from various parts of the country. Standardized morphological and color
data were recorded for cach specimens before it was preserved. Tissue samples were also collected for
biochemical analysis. This collection was shipped to the Florida Museum of Natural History for
further examination. Until this portion of the research is complete, this report follows King and Burke
(1989) in applying the name Caiman crocodilus chigpasius to the caimans of Honduras,

F. Survey Personnel

Prof. F, Wayne King, Deputy Chairman, [IUCN/SSC Crocodile Specialist Group, Florida
Museum of Natural History, Gainesville, FL 32611, U.S.A., was overall coordinator of the project.
Mario Espinal, Departamento de Vida Silvestre, Direccion General de Recursos Naturales
Renovables, Comayaguela, D.C., Honduras, and Carlos A. Cerrato B., Departamento de Biologia,
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Universidad Nacional Autonoma de Honduras, Ciudad Universitaria, Tegucigalpa, D.C., Honduras!,
were ficld coordinators of the two survey teams. Ramon Zuniga served as a regular member of the
team that surveyed the northwest and south coasts, and Renaldo Alvarez served as a member of the
team that surveyed much of the north central coast,

RESULTS
A, Numbers and Population Densities

As stated above, a total of 20 repetitive calibration surveys were conducted or Laguna Bacalar
and another 20 on the nearby Rio Sico.

. Laguna Bacalar is a shallow, mangrove-fringed, fresh to brackish water lagoon. The lagoon
and its tributaries have approximately 52 km of surveyable shoreline and a midstream length of 25.6
km. It is typical of coastal lagoons throughout most of La Mosquitia. Four streams and creeks, fed by
a large number of tributaries, empty into the lagoon. Near its eastern end the lagoon opeas into the
Caribbean Sea through the Barra de Rio Palacios. Though the lagoon supports a large and varied sait
and brackish water biota, e.g., red mangrove (Rhizophora), black mangrove (Avicennia), turtlegrass

TABLE 1, CALIBRATION SURVEYS OF CROCODILIANS IN LAGUNA BACALAR

Survey No. Caiman Crocodylus Total
1 158 0 158
2 152 0 152
3 152 0 152
4 180 0 180
5 208 0 208
6 183 0 183
7 169 0 169
8 144 0 144
9 92 0 92
10 169 Q 169
11 120 0 120
12 166 0 166
13 1m 0 101
14 108 0 108
15 106 0 106
16 104 0 104
17 174 1 175
18 149 1 150
19 82 1 83
20) 60 1 61
Totals 2,777 4 2,781
Mean 13885 02 139.05
Std Dev 38.56 04 38.4

Calibration surveys were conducted over the 52 km survey route from February to May 1989.

1 At the time of the survey, his sddress was: Programa Maestria cn Mancjo de Vida Sitvestre, Apto. 86, Escuela de Ciencias
Ambicntales, Universidad Nacional, Heredia, Costa Rica.
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TABLE 2. CALIBRATION SURVEYS OF CROCODILIANS IN RI0O SICO
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Mean 2337 1.55 235.25
Std Dev 67.88 1.86 67.86

Calibration surveys were conducted over the 19.3 km survey route from February to May 1989.

(Thalassia), mullet, snapper (Lutjanus), and biuecrabs (Callinectes), there is sufficient freshwater
inflow from rain and from the streams and creeks that the surface water is fresh most of the year.
Overhanging vegetation was not a major obstacle to sighting caimans and crocodiles along most of the
shore. The 3.25 km long, almost canal-like, Rio Palacios connects the eastern end of Laguna Bacalar
with the Rio Sico.

The Rio Sico is in excess of 250 km in length, but only the lower 19.3 km of the river was
surveyed. In this area, much of the shore vegetation has been cleared for milpas (slash and burn
agriculture). The vegetation that remains on the 1-3 m high sandy banks consists largely of dense
stands of wild cane grass and a variety of trees. Although a few giant trees remain as indicators of the
former forest, most trees are second growth species, e.g., trumpet trees (Cecropia peltata). Logjams,
brush piles, oxbow lakes, and associated marshes provide ideal habitat for young crocodilians. The Rio
Sico is typical of many of the rivers in Honduras,

Crocodiles and caimans have been hunted in both Laguna Bacalar and Rfo Sico in recent
years. The discovery of 300+ caiman skulls and carcasses on the banks of a Laguna Bacalar tributary
in 1988 made newspaper headlines in Honduras and led local people to refer to the location as a
caiman cemetery.

The data from the two series of calibration surveys are shown in Tables 1 and 2.

Studies in northern Australia by Messel, Vorlicek, Wells, and Green (1981:267-271) have
shown that the probability of seeing crocodilians, here termed the sighting fraction or ‘p,’ can be
estimated based on the binomial distribution, using the following formula:




p = 1-¢¢/m

where: p = sighting fraction for an average survey
s = standard deviation of the census totals
m = mean census value

Unfortunately, the oumber of caimans and crocodiles sighted varied so greatly between the
individual surveys in the calibration series, that the data do not fit a binomial distribution. Data on
total numbers of both species from the calibration surveys (Tables 1 and 2) yields the following:

Bacalar Rio Sico

Laguna

p = 1-38.442/139.05 p = 1~67.862/235.25
p = =10.62 p = =19.60

The negative values for ‘p’ confirm that the variation between surveys was too great to allow
the use of the formula. The exact cause of the variation has not been identified, but probably resuits
from rains that occurred on some nights during the calibration survey series. During heavy rains,
raindrops break up the beam of the spotlight and reflect light back into the eyes of the spotter, making
it difficuit to see reflected eyeshine. Normally, surveys are postponed until torrential rain passes.
Unfortunately, during the period of the calibration surveys, it rained frequently.

Since the data on total numbers from the calibration surveys do not fit the binomial
distribution, a second formula, which treats the largest number of crocodilians seen on a single night as
though it was the total number of crocodilians present, was used to estimate the sighting fraction of
crocodilians less precisely:

p=%/m
where: p = sighting fraction for an average survey

X = mean census value
m = maximum number seen during one survey

Tables 1 and 2 indicate that the largest number of crocodilians of both species seen in Laguna
Bacalar was 208, and in the Rfo Sico it was 309, therefore:

Laguna Bacalar Rio Sico
p = 139.05/208 = 0.668 p = 235.25/309 = 0.761
p=67% p = 76%

Certainly some crocodilians were underwater or otherwise hidden from view as the surveyors
passed by, so the maximum number seen is not actually equivalent to the total number of crocodilians
present. Therefore, the above calculated sighting fractions undoubtedly are overestimates. It is not
clear why the calculations indicate a much higher percentage of animals were sighted in the Rio Sico
than in the Laguna Bacalar,

The Rio Sico survey couats trail off on either side of 2 mode in the range of 250-260
crocodilians sighted (see Table 2 above), which suggests a normal distribution. In a normal
distribution, just over 95% of the population falls within two standard deviations of the mean, so if the
total numbers of animals sighted on the 20 calibration surveys fit a normal distribution, the sighting
fraction car be estimated by a third method using the following formula:
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p = %/(2s+%)L05
where: P = sighting fraction for an average survey

X = mean census value
s = standard deviation

Therefore:
Laguna Bacalar : Rio Sico
p = 139.05/(2x38.44+139.05)1.05 = 0.6076 P = 235.25/(2x69.62+235.25)1.05 = 0.5983
= 61% p = 0%

These seem more reasonable estimates of the sighting fraction of all crocodilians. They are
slightly lower than the second set of calculated sighting fractions, which, as indicated above, are
overestimates. The large difference between the sighting fractions estimated for the Laguna Bacalar
and Rfo Sico populations using the second method above also has been eliminated. Using the same
formula for a normal distribution, the calculated sighting fractions for the populations of Cairnan and
of Crocodylus in Laguna Bacalar and Rio Sico are:

Laguna Bacalar Rio Sico
Caiman crocodilus 61% - 60%
Crocodyius acutus 19% 28%

These data suggest that, compared to caiman, a smaller proportion of the American crocodile
population was seen. In addition, the difference between the percentage of crocodiles seen in the
lagoon and in the river might reflect ecological differences or past hunting pressures. However, so few
Crocodyius acutus were sighted during the calibration surveys that sampling error alone can account for
the observed differences between the crocodile and caiman populations, and between the lagoon and
river populations of crocodiles. If these are real differences, they will oniy be documented through
continued monitoring and more detailed habitat analysis. In the meantime, for the purposes of this
survey report, 60% is the sighting fraction used to estimate population size and density for both
Caiman crocodilus chiapasius and Crocodylus acutus.

Figures 1 through 16 outline most the larger waterways surveyed. Detailed maps are on file
with the Florida Museum of Natural History and the Departameato de Biologia, Universidad Nacional
Auténoma de Honduras.

The resuits of the surveys are presented in Tables 3 and 4. The numbers of caimans and
crocodiles sighted and the 60% sighting fraction calculated above provides the basis for estimating
population sizes. Densities are calculated on the basis of the number of caimans and crocodiles within
the survey route (ie., number sighted/survey length = sighted density/km, and the estimated
population/survey length = estimated density/km). The length of the area surveyed is presented as
midstream length (Mcssel et al 1977, 1981} or shoreline distance. Use of midstream length for linear
habitats such as most rivers, streams, and creeks is readily understandable. However, bends in the
courses of rivers and streams, and coves and embayments in their banks, may make the actual km of
shoreline surveyed (i.e., the banks on both sides of the waterway) considerably more than the
midstream length. Midstream length can also be used for lagoons, lakes, and peripheral habitats,
though it may be inappropriate if they are very wide. Crocodilians are found more frequently near
shore than in open water far from shore, and when the two sides (opposite banks) of the waterway are
parallel and close enough to each other that a crocodilian can easily swim from one side to the other,
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the entire width of the waterway can be considered inhabited by the same population. However, the
waterway may be so wide that most crocodilians move along the shore rather than swim across the
open water to the opposite side. When that happens, the opposite shore can be considered inhabited
by a separate population and the shoreline length used for surveys, rather than midstream length, In
this report, survey lengths and estimated density of crocodilians is calculated on the basis of the
midstream distance for rivers, creeks, and peripheral areas, and shoreline length for lagoons. Within
each habitat category, all the surveyed areas arc listed in an cast to west direction.

Table 3 reveals that Caiman crocodilus apparently is so rare as to be effectively absent from
the Pacific drainages (e.g, Nacaome, Choluteca, Negro) of Honduras, is scarce in the northwestern
region (e.g., Chamelecén, Ulua, Motagua, Micos, Yojoa, El Cajon) of the country, and is most
abundant in the north central and northeastern regions (e.g., Patuca, Sico, Brus, Ibans, Bacalar). By
contrast, Table 4 indicates that Crocodyius acutus occurs throughout Honduras, but presently is most
abundant in the larger bodics of water (e.g., Aguan, El Cajén) and absent from smaller peripheral
habitats (e.g,, Tinguitara, Tampatingni, Plaplaya, Gabd Dende).

Figures 17-19 illustrate the size classes of caimans and crocodiles encountered during the
SUrveys.

Where crocodilians are huated, large specimens learn to submerge or move into vegetation at
the first sign of danger such as the sweep of a spotlight or the sound of an outboard motor. The ones
that do ot hide do not survive; they become novelty leather products. As a consequence, large size
class caimans and crocodiles probably are under represented in Figures 17-19.

B. Population Trends and Biology

Caiman crocodilus chiapasius and Crocodylus acutus have been over-exploited in Honduras.
Few breeding size animals were encountered during the surveys. This scarcity of breeding adults
depresses the potential reproductive rate of the population making it difficult to replace the animals
killed by hunters. A valuable resource is being squandered.

However, professional management could return these populations to former abundance and
allow their sustained utilization to contribute significant foreign exchange to the economy of Honduras,

The crocodilians of eastern Honduras, particularly in and around Laguna Caratasca, were
surveyed in 1977 (Klein 1976, 1977, 1979). Because of civil unrest in the region, the present surveys did
not recensus those populations surveyed 12 years carlier. Even if it had been possible to survey Laguna
Caratasca, it would not have been possible to repeat the 1977 surveys exactly since the starting points
(i.e., precise latitude and longitude), directions, and lengths of those earlier survey routes were not
available to our survey teams. However, the results of the earlier surveys in Mosquitia (Klein 1977,
1979) are of interest when compared to the results of the present survey.

In 1977, the majority of specimens of both species were less than 1.5 m total length, with the
Caiman population having a sighted density varying from 0/km to 41.9/km and a mean of 6.17/km,
while the Crocodylus population had a sighted density of 0/km to 2.4/km and a mean of 0.51/km. In
1989, the maijority of both species censused again were less than 1.5 total length, with the Caiman
population having a sighted density of from 0/km to 85.5/km and a mean of 1.3/km, while the
Crocodylus population had a sighted density of from 0/km to 1.4/km and a mean of 0.34/km. In both
1977 and 1989, there were few large sexually mature individuals of either species present in the wild
populations. Large caimans and crocodiles survive hunting pressure by being wary, by submerging
when they see spotlights or hear the sound of outboard motors, by disappearing long before huaters get
close. The ones that are not cautious do not survive. For this reason, the large size classes (>2.0m)
may be under represented in these survey results,

Recognizing that extrapolating from a survey of one population to surveys of other,
geographically different, populations more than a decade later might not be reasonable, nevertheless,
the resuits suggest that the average sighted density of caiman populations might have declined almost
80% in the 12 years since Laguna Caratasca was surveyed, despite some of the small populations
surveyed in 1989 having densities significantly greater. The average sighted densities suggest the
American crocodile population declined almost 30%.




TABLE 3. SURVEYS OF CAIMAN CROCODILUS IN HONDURAS

Waterway Survey Caimans Sighted Estimated Estimated
length(km) sighted density/km population density/km

Atlantic drainage rivers
Patuca 350 31 89 5183 148
Plitano 50.0 953 19 1588 32
La Criba 65 124 91 206.7 318
Sico 193 2337 121 3895 202
Aguin 330 6 0.2 100 03
Chapagua 29.0 38 13 633 22
Salado and Cuero 345 7 02 117 03
Chamelectn 3190 1 0.03 17 g.1
Ulua 250 1 0.04 17 .1
Motagua 200 0 0 Q 0
Atlanti i jor 1 1
Brus 64.5 99 15 1650 26
Ibans 46.5 176 38 2933 6.3
Bacalar 520 138.9% 27 2315 445
El Lirio 25.0 60 24 100.0 40
Guaimoreto 4715 6 0.1 10.0 02
Micos 40.0 0 0 g 0
Yojoa 54.0 ] 0 0 0
El Cajén 465.7 0 1] 0 0
Atlantic drai ipheral habi
Laguna Tinguitara 20 13 6.5 1.7 10.8
Laguna Tampatingni 30 4 13 6.7 22
Laguna Paptatingni 88 16 13 26.7 30
Criques Las Flores 14 48 343 800 5711
Criques Plaplaya 04 15 3735 250 62.5
Crique La Culebra 11 94 85.5 156.7 1424
Canales Jolamaya 32 8 25 133 42
Crique Gabi Dende 0.9 9 100 15.0 16.7
Puentes Rio Agudn 03 13 433 21,7 T22
Pacific drai .
Nacaome 150 0 0 0 0
Choluteca 17.0 0 0 0 0
Estero La Berberia 100 0 0 0 0
Negro (Estero

San Bernardo) 200 0 0 0 0
Totals 1161.6 1,5109 2,5283
Mean densities/km 13 22

4 Mean calculated from calibration surveys.




TABLE 4, SURVEYS OF CROCODYLUS ACUTUS IN HONDURAS

Waterway Survey Crocodiles Sighted Estimated Estimated

' length(km) sighted density/km population density/km
Atlantic draj .
Patuca 35.0 0 0 0 0
Plitano 50.0 0 0 0 0
La Criba 6.5 0 0 0 0
Sico 193 132 0.7 217 11
Agusn 33.0 45 14 75 23
Chapagua 290 9 03 15 0.5
Salado and Cuero 345 14 0.4 233 0.7
Chamclecon 310 3 0.1 50 02
Ulua 25.0 6 02 100 04
Motagua 20,0 11 0.6 183 0.9
- ' L it LR :_ = '..'... '_- .
Brus 64.5 1 02 183 03
Ibans 46.5 0 0 0 0
Bacalar 52.0 3 0.06 5.0 0.1
El Lirio 250 1 04 183 0.7
Guaimoreto 475 0 0 0 0
Micos 40.0 7 0.2 11.7 0.3
Yojoa 540 0 0 Q 0
El Cajon 465.7 246 03 410.0 09
Atlantic drainage peripheral habitat
Laguna Tinguitara 20 0 0 0 0
Laguna Tampatingni 3.0 0 0 0 0
Laguna Paptatingni 838 4 0.5 6.7 0.8
Criques Las Flores 14 1 0.7 17 12
Criques Plaplaya 04 0 ] 0 0
Crique La Culebra 11 0 0 0 0
Canales Jolamaya 32 0 0 0 a
Crique Gabé Dende 09 0 0 0 0
Pucntes Rio Aguédn 0.3 0 ] ] 0
Pagific drainage
Nacaome 150 4 03 6.7 04
Choluteca 17.0 6 04 10.0 0.6
Estero La Berberia 16.0 2 02 33 03
Negro (Estero

San Bernardo) 20.0 4 02 6.7 03
Totals L1616 400 666.7
Mean deasities/km 0.34 1.7

* Maximum number of distinctly different individuals identified during calibration surveys.
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C. Current Management

Although Honduras did not file its instrument of ratification with the CITES Secretariat until
March 1985, ratification actually occurred six or seven years earlier through Acuerdo No. 16 of 20
Junio 1978 and approved by Decreto Ley No. 771 (La Gaceta, 24-25 Septiembre 1979 (Fuller, Swift,
Jorgenson, and Brautigam 1987). Both of Honduras’ crocodilians are protected under CITES; Caiman
crocodiius on Appendix IT, and Crocodylus acutus on Appendix L

Caiman crocodilus hides were exported from Honduras under annual export quota. Article IV
2a and 3 of CITES requires that the export of Appendix IT species shail be granted only when the
Scientific Authority has determined that:

1) the export will not be detrimeatal to the survival of the species, and

2) the magnitude of the exports is not so great as to make the species a candidate for inclusion
in Appendix I, or to prevent it from performing its role in the ecosystems in which it
occurs.

Since Klein's (1976, 1977, 1978) surveys 12 years earlier, no determinations had been made by
RENARE, the Honduras Scientific Authority, as to what impact the quota was having on the wild
population. Under Resolucién No. 066-88, on 16 March 1988, RENARE prohibited exports of Caiman
crocodilus hides until this survey was completed (Adan Antonio Benavides, pers. comm.). Without
adequate limitations on hunting seasons and on the numbers and sizes of Caiman crocodifus that could
be killed through the years prior to this export ban, the populations were overhunted. Despite these
failings, the species occurs in suitable habitat throughout most of northeastern Honduras, particularly
in Mosquitia. The hunting has removed most large caimans; refatively few caimans more than 1.5 m in
length were encountered during the surveys. In Venezuela, Caiman crocodilus crocodilus males mature
at about 1.7 m total length and reach a maximum of about 2.8 m total length (John Thorbjarnarson,
personal communication; Medem 1981); females mature at 1.2 m and reach 1.8 m total length. The
Central American caiman, Caiman crocodilus chigpasius, matures at a slightly smaller size; it is
estimated here that females magure at about 1.2 m total length and reach a maximum size of about
1.6 m, while males mature at about 1.5 m total length and reach a maximum size of 2.5 m. If hunting in
Honduras were limited to caimans 1.6 m or greater in total length, only large males would be killed and
virtually all the adult females and the smaller mature males would be left unharmed to maintain the
breeding potential of the population. If hunting were limited to caimans 1.6 m or greater in total
length, the depleted populations would recover as the smaller caimans matured. The result would be
maximum sustained utilization of the wild caiman populations of Honduras.

In late 1989, after the survey fieldwork was completed but before this report was finished,
RENARE set an interim ¢xport quota of 6,000 caiman hides.

The Crocodylus acutus populations of Honduras are endangered. None of the American
crocodile populations can be characterized as abundant or near carrying capacity. Illegal hunting of
crocodiles still occurs with Little or no fear of government interfereace, and Crocodyius acutus hides
have been exported within the last 5 years. Although exports of crocodile hides have been stopped, the
uncontrolled development of crocodile farms is posing a new threat to the survival of the species in
Honduras.

1. Farming

Article IIT of CITES prohibits international trade in Appendix I species if the trade is
primarily for commercial purposes. Even if the trade is not primarily for commercial purposes, it is
still prohibited if it would be detrimental to the survival of the species in the wild. However, Article
VII 4 allows commercial trade provided the Appendix I animal species involved was bred in captivity
for commercial purposes, in which case animals or products from those captive breeding programs
shall be treated as though they were an Appendix IT specics.

The first Honduran farm for Crocodylus acutus was established near Trujillo in late 1985, 1t is
owned and operated by Agropecuario de Colon, S.A. The stock for this farm was captured from
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nearby rivers, primarily the Agu4n and Chapagua. By mid-1986, the farm had collected a group of
approximately 100 crocodiles varying in size from 0.5 m to 3.5 m total length. By early 1987, a breeding
group of approximately 55 females (varying in size from 1.8 to 3.8 m) and 16 males (1.9 to over 3 m)
had been assembled and the first breeding, nesting, and hatching occurred. Additionai young
crocodiles and at least three pods of hatchlings were collected from the wild bringing the total number
of crocodiles on the farm to nearly 400. The breeding aduits are maintained in a freshwater lagoon
several hectares in size which is enclosed in an chainlink fence. The young animals are reared in
concrete pools in grow out buildings. The entire stock is fed the offal from a cattle slaughterhouse
operated by the owner. The deputy chairman of the TUCN/SSC Crocodile Specialist Group has
advised on the development and operation of the farm.

In early 1989, construction was started on a second, much larger crocodile farm near San
Pedro Sula. The farm, Clal-Continental Crocodile Farm, is a joint venture between Banco Continental
(Honduras) and Clal Crocodile Farms (Israel). When completed, it will be the world’s largest high-
technology crocodile farm. Plans call for a breeding group of 1,200 Crocodylus acutus and a large
number of controlled eavironment roundhouses for rearing young to commerciai size. Capture of
breeding stock from the wild commenced in 1989 and has continued to date. Collecting occurred
opportunistically in many of Honduras’ waterways, but concentrated in the northern rivers and lagoons.
By late 1989, it became clear that it would be difficult, if not impossible, to collect 1,000+ wild mature
crocodiles in Honduras,

In mid-1989, a third farm was started by Grupo Ganadero Industrial (GGI) near Choluteca.
By June 1989, GGI had obtained approximately 90 adults from rivers in the vicinity of Trujillo,
Because the animals were traumatized during capture, improperly transported, and initially maintained
without adequate husbandry, an estimated 30 died. More captures were planned, and GGI staff has
been exploring the possibility of exporting stock to yet another farm GGl is considering developing in
Costa Rica.

More farming operations are certain to be started in the next few years. The development of a
captive propagation program for Crocodyius acutus in Honduras is to be commended. However,
without professional guidance and governmental regulation, this development can destroy the wild
populations. The capture of mature adult American crocodiles for stocking farms has exactly the same
effect on the wild populations as killing them would have. It depresses the breeding potential of the
wild population until young crocodiles in the population can mature and replace the breeders that were
removed. It has the potential of causing the extinction of local populations if the young animals are
removed as fast as they mature. RENARE needs to promulgate regulations that will assure the
operation of crocodile farms does not threaten the resource upon which the developing industry
depends.

As stated above, Article VII 4 of CITES allows commercial trade provided the Appendix I
animal species involved was bred in captivity for commercial purposes, in which case those captive
propagated animals and products shall be treated as though they were an Appendix IT species. To
assure that Appendix I animals traded under the provisions of Article VII 4 are truly products of
captive propagation, the farms must be registered by the CITES Secretariat, To accomplish that for
the Honduras farms, the American cracodiles being traded must have been hatched from eggs laid in
captivity as the result of matings of the parents in captivity as required under CITES Conference
Resolution 2.12. In addition, the farms must use husbandry techniques that have been shown reliably
to produce a F; generation in captivity. The Agropecnario de Colon farm qualifies for registration,
having bred C. acutus for three years vsing husbandry techniques that reliably have produced F;
generations on alligator farms in Florida and crocodile farms in Africa and Asia. However, under
CITES Conference Resolution 6.21, registration of the first farm for an Appendix I species requires
approval of a two-thirds majority of the Parties to the CITES. No farm for Crocodylus acutus has yet
been registered so approval of the Honduras farm or farms must come from the Parties. In March
1989, RENARE requested that the CITES Secretariat bring the registration of the Agropecuario de
Colon farm before the 7th Conference of the Parties to CITES in Lausanne, Switzerland, in October
1989. That request apparently was lost in the mail and by the time the loss was discovered and a
second request sent, the ‘150 days prior to the conference’ deadline for receipt of such proposals had
passed. As a consequence, the issue of registering the Honduras farm, the first commercial farm for
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Crocodyius acutus, never came before the Conference of the Parties. Now the farm cannot be
registered until approved by the Parties either at the next conference in 1992, or through a postal vote.
Without registration, the farm cannot export hides. In the meantime, the farm has run out of room for
housing the increasing number of American crocodiles that are hatched each year from its captive
propagation program.

2. Ranching

Since Crocodylus acutus is endangered in Honduras and is listed on CITES Appeadix I, export
of ranched hides is prohibited. Before ranching could be approved under the provisions of CITES
Conference Resolutions 1.2 and 3.15, RENARE would have to demonstrate through surveys that the
populations of Crocodylus acusus are sufficiently large to allow their transfer to Appendix I for
ranching purposes. Alternatively, RENARE would have to seek an annuai export quota for ranched
hides under provision of CITES Conference Resolution 7.11. Nevertheless, the World Bank funded a
study on ranching crocodiles in Honduras. The report, prepared by Elconsuit De Centroamerica, P.O.
Box 1944, Tegucigaipa, D.C., Honduras, is very poorly done. Despite receiving excellent advice from
consuitants (Woodward, Hines, and David 1988), the final three volume report is full of superfluous,
plagerized material, and lacks data on the status of the wild populations. Yet the fact that the report
was funded at a cost of more than U.S. $100,000 clearly demonstrates that governmental and
intergovernmental agencies believe there are major economic gains to be made from the captive
rearing of crocodilians.

RECOMMENDATIONS

The following recommendations reflect both the resuits of the 1989 survey and the goal of
establishing a sustainable program for the maximum utilization of the Honduras caiman and crocodile
resource. However, the recommendations are constrained by long-established practices in the
international caiman hide trade.

Caiman crocodilus chiapasius - An annual hunt quota for caiman can be made more effective
by combining it with a size limit that restricts the harvest to large males. If such a quota were too large
it would not endanger the caiman population because only large males would be killed, not the
breeding females or smaller breeding males. However, if the quota was so largs that it could not be
filled in Honduras, it could provide an avenue by which illegal caiman hides from other nations couid
eater international trade, Foreign hides could be smuggled into Honduras and then enter the trade
when dealers claim the hides originated within Honduras. The CITES Secretariat has documented
numerous instances in which illegal hides have been transshipped through other nations to provide
them with legal export papers. Such ‘laundering’ of illegal hides has occurred through several Central

A large hunt quota combined with a size limit would hurt the local caiman population if the
size limit were not rigorously enforcad.

Whether or not either of these things could happen in Honduras, the following
recommendations avoid the potential problems by proposing realistic but conservative export quotas
for Caiman crocodilus chiapasius. '

Crocodyilus acutus - Whether for farming or ranching, it is natural that commercial programs
for rearing crocodiles in captivity in Honduras look to wild populations as a source from which to
acquire their stock. Since CITES prohibits the export of both Appendix I and Appendix IT species if
the export would be detrimental to the survival of the species, it would be improper for the government
to allow the farms or ranches to destroy the resource through excessive coilections from the wild
population. Collection of all the eggs or hatchlings produced in the wild would be difficult if not
impossible. Some would be missed and grow up to contribute to later generations. In the meantime,
the breeding aduits continue to produce more eggs and hatchlings each following year. By contrast,
removal of very many breeding aduits has a more immediate effect by depressing the reproductive
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potential of the wild population. To avoid that, many government sanctioned programs in Africa and
North America only permit collection of wild eggs and hatchlings to stock farms and/or ranches.
Capture of breeding adults is prohibited. In addition, some programs mandate that crocodile and
alligator ranches return a percentage of their yearlings to the wild, Typically a majority of wild
crocodiles are lost to predators during their first two years of life. Releasing crocodiles when they are
one or two years old and no longer vulnerable to natural predators would replace the ones collected for
the farm. Actually, the ranches arc not always required to return the animals. As long as government
operated monitoring programs indicate that the wild populations are stable or increasing, the ranches
are allowed to keep al their yearlings. However, the farm yearlings are available for restocking in the
event the monitoring indicates a decrease in the wild populations. A second major loss occurs among
subadult crocodiles 1-1.5 m in length, that are killed by large, mature territorial males, whick is one
reason why crocodile populations take so long to recover after being severely depleted.

As stated above, registration of the Honduras farms by CITES must await approval of the
Parties at the 1992 CITES Conference or through a postal vote prior to then. Until that happens,
American crocodile hides may not be exported under provisions of CITES Article VII 4. In addition,
hides of ranched American crocadiles cannot be exported until the Parties to CITES approve a transfer
of the Honduras populations to Appendix IT or approve an annual export quota of ranched hides from
Honduras.

However, while it was applying to CITES for a transfer of its crocodile populations or for an
export quota, RENARE could allow farms to operate as open-cycle ranches by collecting wild eggs and
hatchlings. From 18 to 36 months are required to rear hatchling American crocodiles to slaughter size,
s0 crocodiles hatched from eggs collected this year will not be ready for export as hides before 1992,
This interval is sufficiently long for RENARE to implement its caiman and crocodile conservation
program and to apply for a transfer of its populations of Crocodylus acutus to Appendix II or for an
annual export quota for ranched Crocodylus acuts hides under CITES Conference Resolution 7.11.

Finally, although Crocodylus acutus is a large crocodile, it generally is recognized as a
relatively non-aggressive species. Nevertheless, should American crocodiles become abundant near
areas regularly frequented by humans or livestock, local people will complain and call for the removal
of such muisance crocodiles, The presence of one or two nuisance crocodiles should not be used as
justification for a widespread campaign to eliminate all crocodiles in an area. The individual animals
causing the problem can be killed or captured for stocking farms, A number of countries have
programs for the capture and/or killing of nuisance crocodiles when the wildlife authorities receive
compiaints.

Protected Populations - There should be one or more populations of Caiman crocodilus
chiapasius and Crocodyius acutus in Honduras which are not subject to hunting, where the species can
be studied and the populations monitored. This would provide a base against which to measure the
status of the populations from which eggs are collected. One of the protected populations could be the
caimans and crocodiles living in the nuclear zone of the Rio Platano Biosphere Reserve, which includes
Laguna Ibans and the Rfo Platano. Unfortunately, RENARE has been unable to provide the staff
needed to protect the reserve adequately. By contrast, the Embaise El Cajon population of American
crocodiles cnjoys de facto protection because access to the reservoir is restricted.

To manage the Honduras populations of Caiman crocodilus chiapasius and Crocodylus acutus
for maximum sustainable utilization, RENARE should:

1) establish an annual census program to monitor the status of the wild populations of Caiman
crocodilus chiapasius and Crocodyius acumus in Honduras;
2) prohibit the commercial hunting of Cairan crocodilus chiapasius except under license from

RENARE;

3) establish an annual hunting and export quota of 10,000 Caiman crocodilus chiapasius;

4) prohibit the capture or killing of all wild Crocodyius acutus adults and subadults, except for
the removal of nuisance crocodiles under permit from RENARE; :
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5) prohibit the collection of all wild Crocodylus acutus eggs and juveniles for stocking farms
and ranches except under permit from RENARE;

6) prohibit the operation of crocodile farms and ranches except under license from RENARE;

7) prohibit all buying and exporting of crocodilian hides except under license from RENARE;

8) require as a condition of the caiman hunting license:

a) that the licensed commercial hunter only kill caimans more than 1.6 m in total
length, which will yield full belly hides 1.6 m total length or longer or flanks
85 cm total length or longer,

b) that no more than 10% of the caiman hides may be under the size limit to ailow for
the occasional slightly undersized animal the licensed hunter might kill by
mistake, :

c) that the licensed caiman hunter tag all Caiman crocodilus chiapasius hides at the
time the caiman is killed with locking serially-numbered tags supplied by
RENARE in compliance with CITES Coaference Resolution 5.16, and

d) that the commercial hunting of caiman is prohibited during the nesting season
from 1 June to 1 October;

9) require as a condition of the nuisance crocodile capture /hunting permit:

a) that the trappers demonstrate competence in the live capture, handling, and
transport of American crocodiies,

b) that no crocodile may be captured or killed unless the hunter has received a writtea
instruction from RENARE based upon a complaint of a specific nuisance
crocodile that poses a threat to local people or their livestock, and

c) that the trapper must attempt to capture alive the specific crocodile causing the
nunisance complaint, and no other crocodile, for transport and sale to a
licensed crocodile farm,

d) that if the trapper is unable to capture the specific crocodile causing the nuisance
complaint, he may kill it, and

e) that, immediately upon its being captured or killed, the live crocodile or its hide
must be tagged in the tip of the tail with a locking seriaily-numbered tag
supplied by RENARE in compliance with CITES Conference Resolution
5.16;

10) require as a condition of the crocodile egg and]mrcnilc collection permit:

a) that the collectors demonstrate competence in the collection, handling, and
transportation of live eggs and juvenile crocodiles,

b) that no eggs and juveniles be captured unless the collector bas received a written
requisition from a licensed crocodile farm or ranch (this will discourage
collection of eggs and juveniles when there is no buyer), and

¢) that no eggs or juveniles may be collected in areas where the annual census
program indicates the population is declining in numbers;

11) require as a condition of the crocodile farm and ranch license:

a) that the operators demonstrate competence in the handling of crocodiles, proper
husbandry techniques, including understanding the basics of crocodile
behavior, egg incubation, nutrition, and sanitation,

b) that the operators have proper incubation, rearing, and breeding facilities, and an
ample supply of food for the numbers of crocodiles on hand,

c) that 10% of the farm’s yearling crocodiles be available for restocking depleted
populations if requested by RENARE,

d} that licensed crocodile farm and ranch operators maintain complete records of the
crocodiles captured from the wild, including adults, young, and hatchlings,
the number of eggs collected from the wild, the number of nests built and the
number of eggs laid in captivity, the number of eggs that hatch, the number
of crocodiles that die from disease or injury, and the number that are killed
for hides or meat,
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e) that, after May 1990, licensed crocodile farms and ranches may acquire eggs of wild

crocodiles only from the holder of a valid egg and hatchling collection permit
. issued by RENARE,

f) that, after May 1990, no licensed crocodile farms may acquire adult or subadult
crocodiles from the wild, except for nuisance crocodiles captured by a
permitted nuisancs crocodile trapper on instruction from RENARE, and

g) that licensed crocodile farms tag all Crocodyius acutus hides produced on the farm
or ranch with locking serially-numbered tags supplied by RENARE in
compliance with CITES Conference Resolution 5.16;

12) require as a condition of the hide buyer /exporter license:

a) that no Caiman crocodilus hides may be purchased if more than 10% of the belly
hides are less than 1.6 m in total length or if more than 10% of the flanks are
less than 85 cm total length,

b) that no hides or meat from wild Crocodylus acutus may be purchased, except for
nuisance crocodiles killed by a permitted nnisance crocodile trapper on
instruction from RENARE,

¢) that no Caiman crocedilus chiapasius or Crocodylus acutus hides may be purchased
or exported unless they bear the locking serially-numbered tags supplied by
RENARE in compliance with CITES Conference Resolution 5,16, and

d) that the buyer/exporter must explain to the hunters the biological basis of the size
limit which will protect the breeding caimans and assure a future supply of
hides;

13) cstablish Embalse El Cajon and the nuclear zone of the Rio Platano Biosphere Reserve as
inviolate sanctuaries for Crocodylus acutus and Caiman crocodilus, where the ecology
of these species can be studied and the populations monitored;

14) rigorously enforce ail these regulations;

15) apply to CITES, in time for the 1992 Conference of the Parties, for an annual export quota
of ranched Crocodyius acutus hides, and

16) apply to CITES, in time for the Conference of the Parties that follows the 1992 meeting,
for a transfer of the Honduras populations of Crocodyius acutus to Appendix IT, if the
data generated from the annual census program and the ranching and farming
program indicate the populations are recovering,

If RENARE is unable to implement and enforce a program that addresses the concerns
outlined in these management observations, then all collection and capturing of American crocodiles
and their eggs should be prohibited without exception, and an annual hunting and export quota of 5,000
Central American caimans should be imposed.
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Figure 2. Rio Patuca.




Barra de Brus
/ Caribbean Sea / Mar Caribe

=

o
9 g, - Coa
<
~ S H,L HI Amatingni
\ o
o P o
L J L\I /
0 5
%
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Figure 4. Rio Platano.
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Figure 9. Rio Salade and Rio Cuero.
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Appendix A. Standardized Census Forms

Survey Location: Date:
Area Surveyed:
Time Start: Time Finish:
Personnel:
Habitat Type:
General Habitat Description:
C® air: C°® water:
Wind; Cloud Cover:
Moon Phase: Precipitation:
Water Salinity: Water Clarity:
Water Level: Tide Phase:
F—  — M
CENSUS DATA
Survey Section:
Size-Class (cm TL)
EO <0.5 >0.5 >10 »>15 >2.0 >2.5 >3.0
Species A
Species B
—— —— ———
Survey Section:
Size-Class (cm TL)
EO <05 >05 >1.0 >135 >2.0 »>235 >3.0
Species A
Species B
—— =
Survey Section: _
Size-Class {(cm TL)
EO <0.5 >0.5 >10 >1.5 »2.0 »2.5 >3.0
Species A
Spedcies B




:
E J

Size-Class (cm TL)
EO <05 >05 >10 >15 >20 >2.5 >30
Species A
Species B
=——=====u=—===m===_===m_==_ﬂn==_==ﬂ==—-_—_¢
Survey Section:
Size-Class (cm TL)
EO <035 >05 >1.0 >15 >20 >2.5 >3.0
Species A
Species B
—————— =H==E===a======__-_
Survey Section:
Size-Class (¢zn TL)
EO <0.5 >0.5 >10 >15 >20 »2.5 >3.0
Species A '
Species B
===a$
Sarvey Section:
Size-Class (cm TL)
EO <035 >0.5 >1.0 >15 >20 >25 >30
Species A
Species B
-===_l==_===-=-==ﬂll==i===-==m
Survey Section:
Size-Class (cm TL)
EO <03 »0.5 >10 >15 >2.0 »2.5 >3.0
Species A
Species B
ey




