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The International Union for Conservation oi Nature and Natural Resources
(IUCN} was founded in 1948 and has its headquarters in Morges, 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 at 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. IUCN's main purpose is to promote or support action which
will ensure the perpetuation of wild nature and natural resources on a world-
wide basis, not only for their intrinsic cultural or scientific values but also
for the long-term economic and social welfare of mankind.

This objective can be achieved through active conservation programmes for
the wise use of natural resources in areas where the flora and fauna are of
particular importance and where the landscape is especially beautiful ox
striking, or of historical, cultural or scientific significance. IUCN believes
that its aims can be achieved most effectively by international effort in
co-operation with other international agencies such as UNESCO and FAO.

The World Wildlife Fund (WWTF) is an international charitable foundation for
saving the world's wildlife and wild places. It was established in 1961 under
Swiss law and has headquarters near those of the International Union for
Conservation of Nature and Natural Resources (IUCN). Its aim is to support
the conservation of nature in all its forms (landscape, soil, water, flora
and fauna) by raising funds and allocating them to projects, by publicity and
by education of the general public and young people in particular. For all
these activities it takes scientific and technical advice from IUCN,

Although WWF may occasionally conduct its own field operations, it tries as
much as possible to work through competent specialists or local organizations.

Among WWF projects financial support for JUCN and for the International
Council for Bird Preservation (ICBP) have highest priority, in order to enable
these bodies to build up the vital scientific and technical basis for world
conservation and specific projects, Other projects cover a very wide range,
from education, ecological studies and surveys to the establishment and
management of areas as national parks and reserves and emergency pro-
grammes for the safeguarding of animal and plant species threatened with
extinction.

WWEF's fund-raising and publicity activities are mainly carried out by
National Appeals in a number of countries, and its international governing
body is made up of prominent personalities in many fields.
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INTRODUCTION

Gerardo Budowski
Director General 1UCN

I must first and foremost .express my earnest regret at not being able to
participate in this first important meeting of the Crocodile Specialist Group.

‘The supporting papers -alone indicate that the opportunities for
conservation action in relation to the crocodilians are quite outstanding. They
contain many elements which, properly channelled, could become cffective
action programmes. And it is earnestly hoped that this working meeting will
result in constructive and long-term conservation activity.

.. We have witnessed over the past years an escalating deterioration in
‘habitats and pressure on natural areas, including increasing difficulties in
controlling poachers who work for ever more lucrative ends. These factors
and; others have taken a heavy toll of the world’s crocodilian resources and
you -are gathered in New York expressly to consider ways and means of
ensuring the continued existence of the world's crocodile species.

There are many encouraging signs which should be fully exploited. Sud-
denly environmental concern is 'in® and the words 'ecology' and ‘conser-
vation' are on everyone's 1ips. : ' a

In IUCN we are getting a direct feeling of this trend from many different
sources, some of them we had never suspected before, Perhaps the most
significant change has been the attitude displayed by the machinery of “the
United Nations and its different agencies. Being legalily bound to execute the -
wishes of its member countries, it is hardly to be expected that the UN can
be at the forefront of ecological thinking or that it will point out new trends
and new ways of taking the necessary action to deal with those trends.

Besides ;-we all know that the traditional tendency for governmeﬁtal delegates:
is to congider first ihe interest of countries which they represent, and not so
much to look at problems that require global approaches and-global solutions,
such-as the biosphere and its functioning -- its health, as we like to c¢all'it.
National interests prévail over global interests. Yet it is precisely in the
United Nations system that some of the greatest changes are presently taking-
place. .- .+ - ' SRR e

. UNESCO's programme of Man and the Biosphere, containing a substantial
conservation ingredient, has finally taken shape and IUCN will play an impor-
tant rolein implenrenting it. ' . o e
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Four weeks ago the Preparatory Committee meetings of the 1972 United
Nations Comierence on the Human Eavivonment took place in Geneva, and
again conservation of nature and natural resources was at the root of many
discussions. IUCN was represented in the working groups that were formed
in order to decide on the differcnt iypes of activities to be carried out Ior the
1972 Conference; and again it was quite clear that a considerable input was
expected from our organization. I hasten to say that we have somewhat
mixed feelings about this since we can hardly cope with the additional work
load that is increasingly demanded from us on world cons eT.'VElth"l matters.

FAO also ha any projects alrea d 4 ur'dLJ: way containing Strong conser-
vation elements: they recently. sent.a one-man mission to Peru to look into
the utilization of hides and skins of wild animals, including Gaiman sclerops
and Melanosuchus niger. 'Total protection o1 the latter was recommended
as a result. : : L ‘

I could mention the changing role of a few other intergovernmental organ-
izations in dealing more intensively with conservation matters, These tend-
cncies show up:in m:u].uple manifestations throughout the world, ~many of which
affect. IUCN. in. sgme way ox-another; for instancethere is the much closer,
friendlier and much aore prodictive co-operation between the World Wildlife.
Fund and IUCN, -therc is the increased demand for {UCN to inject conser- -
vation into a multitude of meetings to which, unfortunately, -we can only
respond to a minimal degree, and many other activities which I shall not

- enwmnerate here ., Cob ' : : N C
1 heve mentioned these developmerts because they directly or indirectly:
affect any potential crocodile programme either because of the new or
increasing interest from different organizations throughout the world in con-
servation programmes or because they make it possible for IUCN to move in
this field with better co-operation and financial backing. To meet this
challenge, however, HJICN itself had to undergo a Very 51gmf1cant c:hange. -
This process: is proac n.,ly in full gwing, fi

Some of you haves Imow.u our organization for years and while it was
always staffed by a small group of extremely dedicated conservationists; it
was 80 poorly financed that it could hardly pretend te-do the:job for which it
had:been created. In fact it is.amazing to See how many publications ‘were.
produced and how much good will' generated with so little financial support.
We Liave nowls professional members on our staif, 16 of whom are‘lecated at
Morges; iand the number, of field projects:is now around 50, a good part:of -
them operational. Every one of the six JTUCN Commissions (except, at
present, that on Environmental Policy, Law and Administration) is now staffed
with: an.Exceutive Officer responsibie for servicing the Commission and its
different specialist groups and co-oxrdinating thése activities with those-of -
other Commissions or with other types of scientific: ac.twlty not directly -
connected with the Commissions., IUCN's 'new look’' as we like to call it
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also includes a section on Research and Planning with a major input by
Dr Raymond Dasmann, our Senior Ecclogist,

True enough, we are now flooded with papers as we have never been
before; but at the same time, we never have fclt so much, in the lifé of
IUCN or in our individual lives, the impact of being "in the middle of
where the action is”. Inplace of the romantic period when conservation,
particularly that of animals eand plants, was the realm of a few enlightened
people, “we now suddenly feel that a large sector of mankind, including youth,
industrial workers and lately even Government officials, have acquired a
deep interest in the matter.

_ In such a situation, where the interest generated is certainly exploding,
there are naturally several different appreciations as to what action should
receive the top priority. We are aware of this but at the same time pledged
to base our actions on the best possible appraisal as to where prioritics lie.

And for IUCN those priorities will always be based primarily on the best

possible scientific understanding of a-world situation. Naturally economie -
and even political considerations also influence our decisions; and naturally
too, the principal obstacle we meet in getting more action under way is lack:
of additional funds since, without increasing staff, at least to our headquar-~
ters in Morges, we could immediately undertake many more projects if the
financial support were forthcoming. S

Such action projects constitute the essence of our programme ‘and
certainly we hope to develop a certain number related to crocodiles, 1
propose in my concluding paragraphs to review some of these projects, with
particular reference to those which have a bearing on crocodilian conservation.

A very important part of the programme involves several projects:on
monitoring cf species populations and biotic communities throughout the world.
These include of course our current appraisals of vanishing species and will
now also include depleting species. :The fact that crocodilians lend themselves
well to such monitoring may generate a series of useful correlated projects '
involving other biological-variables. RS

Conservation of coastal areas and estuarine regions will also be given:
much impetus through a series of projects with major inputs from some staff
members and several of our expert working groups.

We are also working on a series of ecological guidelines designed to form
the basis of solutions to problems involved in economic development. Not only
should this make possible the inclusion of a holistic long-term approach where
land and sea use planning is being undextakeén, but eventually we expect to
generate much greater awareness amongst countries of the possibilities open
to them to request assistance from intergovernmental agencies. Thus we
would hope that, ultimately, funds from the United Nations Development
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Programme can be channelled into programmes that include, for example,
the conservation of crocodiles and -other reptilians, L

I have on purpose mentioned to you some of our current thinking and our
desire to ride on the present wave of environmental concern. I insist that this
is quite relevant to crocodiles -~ may 1 say "ecologically linked! - and it was
my purpose to -inform you how JUCN. operates so you can give usthe best. .-
effective advice to link your field of competence to'our own activities -~ and,
what is perhaps morc important, to lead our thinking into operational pro- .
grammes, Action programmes as we like to-call them...We -gincerely:feel -
that IUCN is in a particularly favourable positicn to make everyone understend
that crocodiles have a very important role to play in the complex environmen-
tal balance and that any money invested to capitalize on the present knowledge,
to promote action or to extend research-as a basis for action; will indeed be
very well invested and should produce multiple benefits .. As an international
non-governmental organization, we can loudly proclaim what failure.to take
action implies and we should, of course, explain cqually frankly how:the
benefits of taking action will involve a series of :advantages for mankind. ‘Not.
only should we cmphasize the economic aspects, which are self-evident,. but.
we can also bring out eloquently the educaticnal, aesthetic and.cultural adyan-
tages that a sound programme of crocodile. conservation , including wise : -
utilization, can yield, within a co-ordinated effort towards a balanced . - -
relationship between man and his environment, With the help of our sister
orgenization, the World Wildlife Fund, we believe we can get the message
across. e : ' - 3

I therefore hope very much, -and I do not mind repeating it over again, -
. that by the time this meeting adjourns, you will have provided new and: i .
effective advice and additional arguments for a series of action-oriented
projects which should make a decisive impact on crocodile conservation.

- I cannot -end without extending IUCN's warm and heartfelt appreciation to
the New York Zoological Society for hosting the meeting and enabling it to take
place. The Society is already well-known. for its intensive activitieg in-the -
conservation and educational fields and many members of its staff are widely:
known for the great contribution they have already made to the cause of
conservation in-geéneral and to the conservation of crocodilians in particular.
May their and your further efforts in this field meet with every: success. -
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H. Robert Bustard 7
Secretary, IUCN Crocodile Specialist Group

Introduction

A vork_m? meetmcr of croc,odlle specmhsts organized by the Survival Service

Commission of the Internatlonal Union for Consérvation of Nature and Natural
Resoux.‘ces was held at the New York Zoological Society, Bronx Park, New'
York, on 15 17 March 1971 The Cheirman was Dr Wayne King, Curatot of
Herpetolooy of the New York Zoolomcal Society, which financed the meetmsr.
Ten delegates ‘and three observers, all actively engaged in the study and
conservation of crocodiles, attended the meeting, the Minutes of which follow
as Part 2 of this Summary of the Proceedings. The aims of the meeting were
to review available knowledge and to devise a high priority action programme
for halting the acceleratmrr decline of world crocodile populations and for
preveniing certain species of crocodile, now critically endancrered from
becoming extm_ct.

The order Crocodylia is represented by three famllles with living rep-
resentatlves , namely the Crocodylldae the Allmatorldae and the Gavidlidae,
containing, respectively, the crocodiles; allmatoru and calmans, and' the
unique gav1al Gavialis gangeticus, Currently 13 species of crocodlles, two
alligaters and five caimans are recognized,

All crocodilians are hunted for their skins so it is not useful for conser-
vation purposes to try to list them in oxder of economic importance. With the
exception of several species which enter saltwater, and special cases such-as
the Nile crocodile C. niloticus distributed over most of Africa except for
desert regions or the extreme south, most crocodilians have fairly restricted
ranges, This results in people exploiting their local species even although
species with more valuable hides occur elsewhere. Since prices for croco-
dilian hides on the world market have risen steeply in recent decades, KSI\IiIlu
which fetch only half the top prices still bring in enormous financial rewards
to pecple with a low stapdard of living — a situation which unfortunately
occurs in many parts of the worlo. Thlq is a basic problem in crocod:le
cons e_rvatlon .
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The living crocodilians are distrituted as follows! Africa - three
species, the Nile crocodile C. niloticus, the African slender -snouted
C . cataphractus and the West African dwarf Osteolaemus tetraspis. The last-
named divides into two well scparated subspecies, tetraspis and osborni,
which further 1nvest1aat10n may show to be distinct species. In Asia there
are six species - the saltwater C. porosus, Siamese freshwater C. siamensis,
the mugger C. palustris, the falsc gavial Tomistoma SCthngll, the gavial
Gavialis Gangetlcus and the Chinese alligator 4. A smen51s. The Australian
rcgion has three species. These are the Asian saltwater C.porosus, the
Austrelian freshwater C. JOhIlSOIlI and the New Guinca freshwater
C. novaeguincae, & subspec1cs —=F which, mindorensis, occurs in the Philip-
pmes Two species occur in the United States - the American alligator
A. mississipiensis and the American crocodile ¢, acutus. The latter has a
wide range from Central America southwards to Touador and northwards to
western Mexico; it also occurs in the larger West Indian islands.  The '
Central America-West Indies area has two cudemic crocodiles, C. rhombifer,
the Cuban freshwater, and C moreletii from Mexico and other coum
Central America. The remaining six species are endemlc to South Ame,rlca
- the Orinoco crocodile C. 1nt(,rmed1us ancl five spec1es of caiman: the
specta.c1 ed caiman Caiman an crocodilus, whlch separates. into’ a number of well
differentiated subspecies, the Br4111311 spectacled caiman ¢ . latirostris, the
black caiman Mielanosuchus niger, ‘the dwarf caiman PaIeouuchus palpcbloqus
and the smooth-fronted caiman P, trigonatus.

Although crocodlles are caten in CGrtaln pqrt.; of the world and their"e'gcrs
are often rellshed there is no quegtlon that it is the commercml demand for
their skins which has brousrht some spu,c:lcs to the brink of extinction and has
caused a catastrophic decline in numbers of all species for which information

availaple., The members of the specmllst group kuow of no species (other
.than the American alllg'ttor) which is anything like as abunaant as it was even
a decade ago. The preferred . habitat of crocodilians . is such that in most
pa.'rts of the world it has saved thc:n from dlrect compc,tmon w1th mankmd for

a place to live' AR

‘National Situation Ea'ntl ‘Requirements
For 'Chlu 1naugurul meetma of the Group some of the delegates had’ agreed to
accept 1esno-151b111tg for representmg areas additional to their own, 'S0 a5 to
cnsure a betier world coverage of the suDJect lhus, at present, of the
Group' s membcrshlp, Mr Utai Ymgprapakorn is the only Asm.n rebresen—
tative. and Professor I Medem. the oply one from South America. “Cléarly =
TUCN and the specialist group must stlmulate resc,arcn on croco‘dllm.as 1n ‘
these important arefs of the world, so that we can recruit the let.dmg o
workers to groub membership. A similar situation also applies to most of
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Africa despite the detailed research of the Chairman of the Group, Dr Hugh B,
Cote, in East Africe end the important conservation reseaxch being carried .
out by Mr Tony Pooley in Natal.

As the Group is presently constituted, Dr Cott and Mr Pooley can speak
authoritatively for their respective arcas of Africa, Mr Downes for the
Territory of Papua and New Guinea, Professor Medem for Colombia. (Scuth
America), Mr Yangprapakorn for Thailand, Dr-Bustard for Australia and
Dr King for the Uiited States. In addition, Mr Powell has accumulated a vast
amount of detailed data for Central America and the West Indies as well as for
the whole of the 'alligator belt' of the United States; Mr Honegger, in his
capacity as Compiler for the Red Date Book, Volume 3, has some data for
most parts of the world, as does the group secretary; and many members
arc knowledgeable about areas other than those where they work and which
they wepresented at the meeting. The large gaps in data do not detract from.
any statements zbout the overall trend in world crocodile stocks since the
world trend is obvious -~ everywhere there is a huge decline in numbers,

The Group can document over and over again the virtual extirpation of enor=~ :
mous populations of crocodilians over very short periods of time, often only
a few years, after hunters equipped with modera {irearms have moved into
virgin areas in all crocodile~bearing continents .

Thé existing situations and requirements for the areas representeu by the
delegates nma y be ourr!rmrlzed as follows : L

Africa. T he Nile erocodile is being rapidly depleted eva,rywhere at rate

- that causes intense alarm. This species appears to be one that would lend

itself to management and it is tragic that this is not happening but that a
valuable resource is being wiped out, Information on the African slender-
snouted crocodile and the African dwarf crocodile is extremely sparse. A
survey of these two species was given a high priority rating by the meetmg
{sce Vol. 2 of these Proceedings), : -

Asia (except Thailend) ., It is impossible to summarize the situation in
this huge region in a few lines but the trend of massive decline and disappear-
ance of crocodiles is abundantly clear. C. porosus has such a wide range
that it is not currently endangered, nor, “duc to successful captive breeding,

is siamensis (seé under Thailand); information on the Chinese alligator is

lacking, but the mugger is rapidly becoming critically depleted;. major
concern centres on the false savial Torristoma and the unique gavial Gavialis,
hoth of which urgently nced detailed surveys (see Paper No 4).

Australia. Neither species is currently threatened. The freshwater
crocodile has been totally protected in Wéstern Australia and the Northern
Territory for meny years, but Queensland continues to provide an outlet for
poached skins; the saltwater species has been accorded total protection by
Western Avstralia for a period of ten years with effect from 1 January 1970.
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Central .America and the West Indies. Thetwo species.
endeinic to the region -- Morelet's and the cuban crocodile -- are both
considered to be on the verge of extinction in the wild state, The Group felt
that creation of captive breeding studs under ideal conditions was a matter of
the greatest urgency (see Paper No 7).

South - America. Professor Medem (Paper No 0) expressed particular
concern for the future survival of the Orinoco crocodile, the black caiman
and the very distinctive race of the Spectacled caimen, C. crocodilus
(sclerops) apoporiensis, found only in the Apoporis River in Colombia. All
species, however, are currently being depleted at a much faster rate than
they can reproduce themselves. '

Territory of Papua and New Guinea.. Mr Downes (Paper

No 3) explained that there was no future for crocodiles in Papua-New Guinea
unless they: could be commercially exploited. His section was working on -
crocodile management., The saltwater species C.porosus ‘had been largely
wiped out as far as populations of -sizeable adults were concerned and manage-
ment faced the task of re-establishing it. T he freshwater C,novaeguineae
was still fairly abundent in many areas. o ;

Thailand. Mr U, Yangprapakorn (Papers Nos 8 and 10) explained that
crocodiles in the wild state were almost extinct in Thailand, there being
probably less than forty individuals each of siamensis and porosus and per-
haps half this number of false gavials in the extreme south of Thailand., He
had foreseen this situation more than 20 years ago and had established a
crocodile farm which currently held more than 11,000 porosus and siamensis,
When the Thai Government created properly patrolled National Parks he would
make crocodiles available to restock the parks. It was stressed that all hides
were produced from young hatched from eggs laid in the farm by a captive
breeding stud, Excellent breeding success and captive growth rates were
reported for both species. The delegates felt this was exceptionally, good
news.

United States. Mr Powell (Paper No 7) had provided the further good:
news that the American alligator 18 certainly responding to.managcment and.
that-it should be possible to maintain suitable habitats for.it-by. allowing.: - .
closely controlled cropping of the populations and thus a financial incentive to
land-owners. Alligator farms are still in an experimental stage but = -

. Dr Chabreck (Paper No 13) felt they would prove themselves in the near .
future. ‘
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International Conservation and Research

Requirements

Surveys. There is an urgent conservation need for greatly increased pure
research and survey work on crocodiles in many parts of the world., The
Group were unanimously agreed that the highest priority should be given to _
status surveys of species thought to be critically endangered and that the per- ..
somnel undertaking. this work should be charged with collecting several pairs
to form the basis of a captive breeding stud.

Management. Undoubtedly the future for wild populations of crocodiles
lies in managing them as a resource croppable at a measured rate. Unfortu-
nately, immediate political problems are involved and basic biological data
on many species are not yet available.  Research workers should be encour-
aged to cnter this ficld, which is an attractive one due to its basic scientific
promise combined with immediate economic and conservation application.

Farming. The Group discussed crocodile farming in some detail in view
of the detailed report given by Mr Yangprapakorn (Paper No 10}, Ranch-type
farming in which natural-laid eggs or wild hatchlings were collected for
rearing to an-economic size, was unanimously condemned, but farms which,
like the Thai one, operate independently from natural populations, could, it
was felt, eventually make a valuable conservation contribution, by reducing
the pressure on wild populations. Farm-reared animals produced excellent
skins of uniform size and quality and were much in demand.

A crocodile foundation. Mr Utai Yangprapakorn offered to
maintain breeding populations of any species which the Group felt was suf-
ficiently endangered in the wild state to merit a captive breeding programme.
Thailand has an ideal climate for this type of work and the experience and
uUCCeuS of the Samut Prakan crocodile farm made the delegates enthusiastic -
to ack,ept this offer. Herc was an 11"'1med.1ate dction project requ1r1ng inter -
national co-operation and IUCN backing with a view to the capture of very
small numbers (ideally four females, and two males) of threatened species
and arrangements for their transportation to Bangkok. Both the IUCN
Secretariat and the Survival Service Commlssmn have already given thelr
approval to such pquect :

Legislation and fauna zeserves. ltwas felt that considerable
gains could be achieved by international co- operatlon and help in drafting
suitable LOHSCI‘VathI‘l legislation, as well as advice ‘on the setting up and
locating of fauna reserves and on pracLlcal problems such as poaching.

&

The delegates were in Tavour of publicity for the plight of the world's
crocedilians. They were unanimous that,unless urgent action was taken,
many species would disappear before the end of the century; They felt their
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proposed action programme -- urgent status Surveys and creation of captive
breeding studs for the most thredtened species, combined with greatly in-
creased management studies and farming investigations (under proper scien~
tific control at a non-commexcial level until techniques had been properly
worked -out) ~ would go a long way to solving the problem in time.. There
was some difference of opinion among the delegates about what should be done
in the ghort-term. Clearly, all agreed that depleting species would soon
become endangered unless their rate of exploitation could be reduced to levels
which the natural population could meet by breeding success. However,
suggestions for a complete ban on the sale of crocodilian products (as hasin:
cffect happencd in the United States, as a result of the Mason Act) met with

a mixed reception. Since all delegates were interested first and foremost in
the continued existence of crocodilians as species it was clear this divergence
resulted from different local conditions and that there is probably not a. .-
single universal solution. Certain species: can no doubt be saved by a prop-
erly enforced ban on hunting;. on the other hand, the long-term survival of
others depends on theix efficient utilization, rather like some of the African
game parks and their foreign exchange earnings from tourists., Most
delegates agreed, however, that the type of legislation which enables supplies
of crocodile skins to be temporarily cut off, would -allow a breathing space
during which rational exploitation schemes could perhaps be devised. The
hope was generally expressed that the Mason Act would help to achieve this:
result, : - : -

Part 2. . MINUTES AND RECOMMENDATIONS

I. - Mr William Conway, Chairman of the New York Zoological Society,
" " opened the proceedings by welcoming participants on behalf of the
‘President and Trustees of his Society, which was sponsoring the
meeting. - ‘ -
2. The opening address by Dr Gerardo Budowski, Director General of
TUCN (reproduced as the Introduction to these Proceedings) was
read in his absence by Miss Moira Warland, Executive Officer of the

Survival Service Commission,

3. ' Dr Wayne King wa‘_é elected Chairman. Dr Angus Bellairs, Mrs
 Deborah Besch and Miss Warland were clected Rapporteurs. |

4. 'The agenda was adopted wit_li amendments .

5. ~ DrHugh C;dft‘r rg_é_mindcd partit:ipants_bf the objectives of the Survwal '
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Service Commission and defined the terms.of reference of the
Crocodile Group (Paper No 1 of these Proceedings).

It was decided that an ad hoc subcommittee should be formed to
consider the formulation of the decisions and recommendations of
the meeting. Dr Robert Bustard and Dr King formed this committee
with Mr Max Downes as Chairman. Recommendations are ammexed
to these Minutes.

Regional “Rep.orts”

€

7.
a5

8,
he

9.
1

Australia
Dr Bustard presented his report on the status of crocodiles in
Australia (Paper No 2), The Group gave its support to the need for

partial protection of the Estuarine crocodile Crocodylus porosus in
the Northern Texritory, by deciding to adopt Recommendatlon 1

(see Annex).

Africa

Dr Cott and Mr Tony Pooley presented the results of their question-

" haire survey to all African states (see Volume 2 of these Proceedings:
- TUCN Supplementaxy Paper No 33).- In summary, it emerged that

both the Slender-snouted croccdile Crocodylus cataphractus and the
Dwarf crocodile Osteolaemus tetraspis were sevérely endangered

.throughout their range and that the Nile crocodile Crocodylus niloticus
~was suffering serious depletion. '

It was decided that JUCN: should Iormally congratulate the Natal Parks,
Game and Fish Preservation Board on their very successful restocking
programme for the Nile crocodile and call attention to the need for .
extending the work to O, tetraspis and C. cataphractus; that steps
should be taken to have O tetraspis and ( C cataphractus included in
U.S. list of endangered species; and that ¢ the Governments’ of
Botswana, Rhodesia and Mozambique be formally invited to draft and
enforce unified protective legislation for the crocodile, so that the
legislation existing in South Africa can be rendered more effective in
conserving crocodilian stocks.

Papua - New Guinea

Mr Downes reported (Paper No 3) that, as a result of selective
hunting of the saltwater crocodile Crocodylus porosus in New Guinea,

aumbers were greatly reduced in the late 1950's; demands of the
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Jin-a captlve breed_mg prOJect in Cuba.
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leather trade now fall mainly on the New Guinea freshwater crocodile
C. novaeguineae, Mr Downes recommended that efférts should be

increased to establish a viable crocodile industry in Papua - New
- Guinea on a sustained yield basis. This would ensure greater chan-

ces of survival for the species than a total prohibition.:

Parts of Asia

Mr René Honegger presented data on the threatened species of Asia
(Paper No 4), The precarious status of the Marsh crocodile

C. palustris palustris and the gavial Gavialis gangetlcus was under-
Tined.

u.ttel'lthIl was also drawn to statistics on the trade in crocodile skins
in West Malaysia kindly provided by Dr Paul Wycherley, Chairman -

_of the Malayan Nature Society (Paper No 5).

" South America

Professor Federico Medem outlined the status of crocodiles in Brazil,
Colombia and Peru (Paper No 6). Several of the species occurring
in these countries are greatly diminished or v1rtuaIly' extinct. Legls-
lation that exists is not enforced.

It was decided to adopt Recommendation 2 (see Annex)., The Group
alsc noted that the extensive export of baby caimans is prohibited by
law in at least one country and that the trade in the US therefore is

© in violation of the US Lacey Act; ' it was decided this- should be
" brought to thc attentlon of the US authorities. - :

The Group requested PIOfebSOI' Medem and Dr King to pret)are a
document on Melanosuchus niger with a view to adv151ng its inclusion

'-"?m the US list of endangered spec1es .

United States Centr:al‘AI_nericat

-:.‘__and W’est lndles

Of the flve species of crocodilians in the New World north of South

“America, Crocodylus moreletii and C. rhombifer are considered
* critically endangered, and C. acutus potentlally endangered, accor-
“ding'to Mr James Powell Jr,, who sumimarized the status of-the five

species (Paper No 7). He recommended captive breeding projects
for moreletii and rhombifer.

It was decided to approach Dr Howard Campbell for a report on the

_ possible hybridization betweerr Crocodylus rhombifer and C. acutus
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{-‘”Th 11c_,nd

The status report on crocodlles in Thailand by Mr Utai
Yangprapakorn (Paper No 8) indicated that the three species occur-

" ring in that country, Tomistoma schlegelii, Crocodylus siamensis

and C, porosus,would probably become extinct in the wild within the
next few years. The crocodile farm, where the majority of Thai-
land's crocodiles are concentrated, is dealt with in paragraph 15
below,

Controlled . Breeding

14,

16,

17.

Zoo breeding and crocodile bank

Aft'ei'-considering Mr E—Ioneggér‘ paper {No 9} the UI‘OLP decided to

adopt Récomméndations 3, 4 and' 5 (see Armcx)

Crocodile farming

Mr U, Yangprapakorn described the history and work of the Samut..,
Pra.'[\an Crocodile Farm (Paper No 10), He made a formal offer to

the Group to COl‘lddCL L«...pthG breeding pl‘O]CCtb for rare oPGClea .

Crocodile rearimg and restocking

Mz Pooley circulated a document describing suitable rearing tech-
niques for the Nile crocodile, evolved aver some years at the
experimental crocedile rearing and restocking station in northern
Zululand. The conscrvation recommerdations ffom this document,”
which is being published elsewhere, arc contained in Paper No 11.
He warned of por husbandry methods and low profit margins in

~some. ventures set up elsewhere. Discussion resulted in the Group
deciding to adopt Recommendation 6 (scc Annex)

‘Exploﬂ:atlon, precserva tiO'n,- Larmlnrr

Dlscussmn on the above tOplC led by Dr Busta,cd resulted in the
Group deciding to inform all governments with crocodile resources
that the Group is available to advise on the taking of eggs from the

- wild, on conditions that should obtain in crocodlle rearmg projects,
' :a.nd On GCopulatlon of natural habitats. -

The Uroup also dec,lded o Qdopt‘ the followmfI dell‘llthﬂS

. Crocodile farm: _an establishment whose products are ultimately

—— ey i i i b i . itin

obtalnc,d frorn eggs lald on the farm .
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Rearing station: an establishment which collects eggs ‘and/or
hatchlings and raises them for a period of time
after which they are slaughtered.

Restocking station; a rearing station that raises crocodilians for
: restocking purposes. :

Management of crocodile industry

In presenting his report (Paper No 12) Mr Downes stressed that the
future of the crocodile in Papua - New Guinea and other developing
nations lay in managed rearing stations run on a cottage industry
basis. Success in managing wild crocodile populations lay in con-
trolling the skin commerce; in Papua - New Guinea, trade in skins
greater than 20 inches belly-width was prohibited.

The Group decided to congratulate: the Government of Papua-New
Guinea for the action taken so far in managing its crocodile industry,
but regretted the removal of these restrictions from three districts
of New Guinea.

Management of the American alligator

Dr Robert Chabreck (Paper No 13) confirmed Mr Powell's report
that numbers of the American alligator are increasing thanks to
protection and better .management.

Conservation Measures

20.

21.

Legislation and National Parks

The usefulness of appropriate legislation and the need for sanctuary
areas were discussed, on the basis of a report by Dr Bustard
(Paper No 14). The Group considered that legislation should concen-
trate on controlling the economic outlets and that more stringent .
penal measures should be exacted for infractions of laws that do
exist.

The US'Endangered Species Act was applauded as a valuable
contribution by an importing country towards controlling world trade
in certain species, but the Group considered that the list did not
include all the endangered species of Crocodilia. o

It was decided that Group members should provide Dr Bustard with

full supporting documentation on species that should be included in
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in the US list of endangered shecies (already on the list: Caiman
crocodilus yacare, Crocodylus intermediug, C. moreletll
C.niloticus, C. rhombifer and Gavialis g@naetlcus)

It was further decided to adopt Recommendation 7 (see Annex).

- S8kin identification

Dr King showed the Group a film on the identification of crocodile
hides and referred to his forthcoming publication on the subject
(King, F.W. & P, Brazaitis, 1971, Species Identification of Com-
mercial Crocodilian Skins . Zoologica, Vol. 56, No 2). He stressed
that large numbers of skins were required to.sustain a viable indus-
try and that it would therefore be many years before crocodile farms

‘could hope to relieve the pressure on wild populations.

Crc)cod'ile' Foundation

The Group dcc1ded to endorse the Sa’mut Prakan F arm, _Thalland
and the Ndumu Crocodile Rearing Station, Zululand, as IUCN rec-
ognized breeding stations for endangered species.

The Group further decided to launch captive breeding projects in *’ :
Thailand for the following species, specimens to be procured and
arrangements made for shipping to Thailand by those named in
brackets: Crocodylus moreletii (King}; C.rhombifer (King with
Howard Campbell}; C.intermedius (King and Medem); Caiman
crocodllus apaporlensm (Meacm), ‘Gavialis gangetlcus (Bustard).

- The Group also decided that captive breeding projects should be

extended to Osteolaemus terraspis and Crocodylus cataphractus in
Zululand. Mr Pooley agreed to und\.ﬂ ake th\,se.

It was stressed that, where possﬂne, sp(,cunens already in captivity
should be used for these projects.

The primary function of this 'Crocodile boundatlon would be to act
as a gene bank, but the possibility of using the captive nuclei for
research purposes should also be considered.

Public Relations

Mr Powell Jr. (Paper No 15} suggested capitalizing on the current
wave of public interest in crocodilians. He proposed a book on living
crocodilians to be prepaved jointly by the members of the Group;

this proposal was not adopted owing to the fact that a similar book by

Dr Allan Greer of Harvard University was already under way .

Attention was drém to other pertinent books already in print and to
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' The Group decided to appoint a sub-committee to examine the cat-

.26 -

. plans of the New vork Zoological Society to boost popular maga-

zine articles on the subject.

Bibliography

Mr Downes presented the Group with his extensive Bibliography of the
recent Crocodilians, which gathers together 2400 references. He
stated that he still required six months of full-time work in the =

- British Museum and the American Museum of Natural History to

complete the task. All members were asked to comment on the

" quthor-indices and to provide any references that were not included,

The'Grodp_;'deci'ded to congratulate Mr Downes for his past two years

extensive work on this draft bibliography of the recent Crocodilians
and considered its completion and publication would be of great
scientific value, '

The Group was warned, however, that the work could not be con-
sidered of a high priority, where it competed for scarce IUCN-con-

© - trolled conservation funds.

Species sjrnopses

__The Group decided to give a high priority g_lso‘to the _compilation of

. :synopses of crocodilian species which were rapidly declining,

containing details of population status etc. IUCN would undertake

v

. their publication in monograph form and it was hoped to_haye two Or
. three in press by the next meeting . Dr Bustard had,drawn up a paper

for the guidance of members showing the type of information that
should be included and it was decided to delegate work as follows:

”Ali-igla.'tor m'ississlippiensi:s Dr Chabfeck.' ‘7 ‘ .
-Caiman sclerops - - Professor Medem

C. crocodilus apaporiensis Professor Medem®
( Clro"codylu's intéermedius Professor Medem o
Qniloticus , | ) - Dr Cott andNir Pdoley
C. novaeguineae ‘ Mr Downes

C. siamensis Mr U. Yangprapakdrn

Red Data . Book )
e'gories’ of the crocodilian species that .were_incluiied in the Red Data
Book, the membership of which would be Messrs Downes, Honegger
and Pooley with Dr King as Chairman.

|
:
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The Group was unanimous in its decision to transfer -Alligator
mississippiensis from category 1 -- critically endangered -- to
category 5 -- recovered. ’

The Group further decided to recommend the following definition of
an endangered species: '

A species is endangered when its numbers are consistently
being depleted more rapidly than they can reproduce them-
selves,  Absolute numbers may not be relevant to-its -
threatened status since even large populations can be
reduced catastrophically by adverse factors. In the case

" of Crocodilia, commercial exploitation is the key factor.

T

Crocodile Biology and Ecology

23,

Papers were presented on the ecological isolation offcrocodilians in
Colombia and on the reproduction of Paleosuchus palpebrosus
(Papers Nos 16 and 17) by Professor Medem, on parental care in the
Crocodilia by Dr Cott (Paper No 18) and on the senses of croco-
dilians by Dr Bellairs (Paper No 19},

Crocodile Group and Action Frogramme

29,

Projects requiring funding

The Group decided to accord the highest priority to the:foliowing

_projects:

A, Capture of two breeding nuclei each of Osteolaemus: tetraspis
and Crocodylus cataphractus for breeding programmes at the
Samut Prakan Farm, Thailand, and the Ndumu Kearing Station,
Zululend.

Action: Mr Pooley,

. B. (i) Field survey cn the status of Crocodylus 1ntermed1us and

Caiman crocodilus apapor1ens1s .

(i1) Capture of brecding nuclei of the a]:)cvn two sp(,mes for
breeding in Thailand.

Action: Professor Medem.



30,

31.

32,

33.

34.
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- C. Field survey on the status of Gavialis gangeticus. ”

" Action: Dr Bustard and IUCN Secretariat. - -

‘Further information required

The Group agreed that further information should be sought for
certain specics. It was decided that Dt Bustard should investigate
Alligator sinensis, Professor Medem Caiman latirostris, Dr Bustard
and Dr King Tomistoma schlegelii. o

It was further decided that Professor Medem would investigate the

- export of baby caimans from. South America. -Dr Cott and Mr Pooley

would also investigate the feasibility of crocodile agreements bet-
ween African countries.

Newsletter

It was decided that a Group Newsletter should be published and that
Mr Pooley should act as Editor. : .

Group ,cofordinat_i':on ) _
The Group considered the pos sibility of appointing a half-time
administrative co-ordinator who would also work with the Turtle

Group. However, the Group felt that the cost of this (estimated at
$ %000 per annum) would be much better spent on field work.

Next Meeting

It was recommended to TUCN that subscquent meetings, of the Croco-

dile Group should last 2 minimum of four days and that more attention

should be concentrated on specific problems. ‘Mr U. Yangprapakorn
graciously invited the Group to hold its second meéting at'the Samut

-Prakan Farm in Maxch 1973, and the Group unanimeusly decided to

‘ac';clépt the-offer. Nr Pooley w's_uggested South Africa as an alternative

in the event that it was not found possible to hold the meeting in
Thailand. ’ '

Conclusion

" Fhe Crocodile -Gfou’p- gleéidcd to express their deep aﬁpreci'ation to

the New York Zoological_-S@icietyi-férA'-maléing-the meeting possible.
The meeting was then closed., -~ " :

o
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ANNEX

INTERNATIONAL UNION FOR CONSERVATION

OF NATURE AND NATURAL RESOURCES

Survival Service Commission

CROCODILE GROUP

FEecommendatiocns

Noting with concern the accelerated decline of Crocodylus porosus
in the north of Australia, the IUCN/SSC Crocodile Group meeting in
New York in March 1971 requests the administration of the Northern
Territory to consider a total closure of the hunting of this species in
line with the action in Western Australia.

Regretting that the Amazonian countries lack a co-ordinated policy
for the conservation of their crocodiles, the IUCN/SSC Crocodile

Group recommends that the states of Brazil, Colombia (including

the township of Leticia), Ecuador, Peru and Venezuela unify their
crocodile legislation and establish a minimum size limit of 1.5 m
for crocodiles taken.

The IUCN/S5C Crocodile Group recommernds that zoos should aim
at maintaining onc¢ species group in a unit suitable for breeding
rather than individuals of several specics,

The IUCN/SSC Crocodile  Group recomriends that no specimens
should be taken from the wild for a zco if they could in fact be
obtained from another zoo,

Whereas individual specimens of many endangered species of
crocodiles are now held in zoos throughout the world, the IUCN/
SSC Crocedile Group recommends that a definite co-ordinated
plan be worked out to bring together as many of these specimens
as possible for breeding. P '
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6.  The IUCN/S5C Crocodile Group urges State Game Departments
to assume responsibility for controlling crocodile rearing and re-
stocking practices on their territory by issuing permits under strict
conditions and by giving advice on techmigues and return of hatch-
lings to the wild.

7. The IUCN/55C Crocodile Group recommends that living specimens
of endangered species of crocodilians should only be allowed intc
the United States for inclusion in definite breeding programmes.

March 1971.
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Paper No 1

ADDRESS BY THE CI—IAIRMAN OF THE CROCODILE SPECIALIST
GROUP OF IUCN'S SURVIVAL SERVICE COMMISSION '

H.B. Cott

I feel it a_great honour to serve in the capacity of Chairman of our 'G’fdﬁp';
It is also a great pleasure to meet, in some cases for the first time,":'col}
leagues with similar research interests to my own. Members have come to
this workmg meeting of the Crocodile Specialist Group from w1der separated
locations -- from Colombia and Texas in the New World, and from South
Africa, Thailand, Australia, New Guinea and Europe in the Old.

- Crocodilians are one of the most rapidly disappearing groups of animals.
Twenty -five years ago they were still generally plentiful throughOut most of
their range.- Their numbers have now almost everywhere been decimated;
until today the survival of several species is threatened. The decline is due
to two main causes, namely destruction of habitat and excessive exploitation
in the wild. '

The Survival Service Commission of IUCN has for some considerable
time recognized the urgent need to promote the conservation of crocodlles as
a unique resource; and at their meeting held in Bonn in the autumn of 1968 it

© was decided, in view of the serious world situation for the Crocodilia, to set

up the Specialist Group which is today meeting for the first time.

May 1 remind you of the re-affirmation of the Commission's aims, Wwhich
were issued from Morges in August last year:

"The objective of the Commission is to prevent species extinction.
- The.survival of plant and animal species in their natural env1ronment
is the Commission's main concern and it recognizes that th1s requ1res
. conservation of ecosystems in their entirety. Its act1V1ty i5 not '
confined to the protection of individual species in isolation. Captwé
breeding is therefore regarded as a last resort and an 11iter1m o
measure, with repopulation in the natural habitat as the ultimate
objective. ... The Commission further recognizes that economic
considerations and exploitation on principles of sustained yield may -
offer the only practicel prospect for long-term conservation of
_certain species. In many-cases it will therefore favour the quota
system rather than total prohibition as the best means of achlevmg
_its objective of spec:1es survival."



The particular terms of reference of our Group are: to review existing
information on the status of the various species (of crocodilians); to deter-
mine national and international research, conservation and management
priorities : and to devise a mechanism for co-operation and co-ordination of
effort in these fields. S ' ' -

A discussion was held in Cambridge, England, in the summer of last
year (1970) between Professor Bellairs, Dr Bustard, Mr Fitter (Hon.
Secretary of the Fauna Presexve tion Society and a member of the SSC) and
myself, when the agenda of the present meeting were provisionally drawn up.
Incidentally, one of the suggestions that we discussed was that Prof. Bellairs
should investigate methods of identifying’ crocodilian ‘species from prepared
skins. However, in the event it was learried that Dt Wayne King had already
explored this field and he will in fact be rTeferring to this work under one of
the items of our agenda.” o S SRR

Members of the Group have been active in obtaining information on the
national and regional situation of crocodilian species throughout the world.
The results of these and related enquiries will be presented in the next item
on the agenda.** They will provide a background for the revision; where -
necessary, “of the' Red Data Book sheets; and for management recomimen-

dations in relation to an exploitation rate that is compatible with safeguarding
the future of the resource, '

Having regard to the serious world situation for crocodiles and their
rapidly changing status, may I suggest that the problems to be discussed are
not concerned with what may happen in a hundred ycars' time: we aretalking
in térms of a decade or two. A major objective of thé symposium ‘st
be to draw up a detailed action programme for crocodilian conservation:
1OW

Following recent federal and state legislation im the US against the im-
portation and sale of crocodile hides, a number of tanners and manufacturers
have gone out of pusiness owing to the import ban imposed by the State of New
York. Becaisc of this, Dr Wayne King has been approached by represen-
tatives of both the American and French dealers, urgently requesting a
meeting’ of crocodilian “ecologists and representatives of ‘the hide industry
which is seekinig a repeal or revision of the laws. The purpoese of the
meeting would Be to cxplore the status of crocodilian populations’; the

_.............___-‘.-_.-...__~..,...._........--.._.--.-...4-.-_..—...—_...

s Gee inder séction 22 of the Summary of the ‘Mecting, Part'2, Minutes
on p, 25 above. T R R

#%  papers Nos 3 to 8 inclusive of these Proceedings.
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needs of the industry, and the possibility of a regulatory agreement.between
conservationists and tanners. Rational exploitation of crocodile populations
could be discussed along these lines,

In the light of this new development, the SSC has welcomed the change of
venue of this meeting from Moxges to New York, recognizing that the oppor-
tunity it affords to all interested parties to discuss quu,stwns of mutual
concern could be of the utmost importance.

Finally, I should like to express our sincere thanks to Mr William
Conway and the staff of the New York Zoological Society for their generous
hospitality; for the excellent arrangements they have made for our meeting;
and for recelving ys with so friendly a welcome, Speaking for myself I can
think of no better meeting place for zoclogists than the Bronx Zoo.
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Paper No 2
CROCODILES IN AUSTRALIA

H.R. Bustard :
Research School of Biological Sciences, Canberra

Na_t'i-'o'nal "I(R'egional) Si_t_uai_tion Report.

General

The distribution and abundance of crocodiles in Australia has been drastically
altered since the war by the effects of shooting. Indeed, in many arcas the
situation has changed so rapidly that only the most recent data are of value to
conservation effort, Unfortunately, there have been few status surveys
carried out in Australia. The only one in depth was that by Bustard in the
Kimberley Division of Western Australia in late 1969.

There are two species of crocodile in Australia. The Australian endemic
freshwater crocodile Crocodylus johnsoni and the widely distributed saltwater
or estuarine crocodile Crocodylus porosus. In Australia both species are
restricted to the northern parts of the continent, occurring in the State of
Western Australia, the Northern Territory and the State of Queensland. In
Western Australia crocodiles occur only in the far north of the State --the
area known as the Kimberley Division. However, in Queensgland the range of
the estuarine species, at least, extended much further south --more than
two-thirds of the way down the Queensland coast, Shooting has resulted in
marked contraction of range for this species in Queensland as human popu-
lation pressure extends along the coast from the south.

Australia must be considered an important habitat, biogeographically
speaking, for the estuarine crocodile., Habitat is restricted in many parts of
the Kimberleys due to the mountainous nature of the terrain which results in
only narrow mangrove belts along the river courses and little area of swamp-
land. However, in the Northern Territory and in Queensland there are enor-
mous arcas of coastal swampland ideally suited to the needs of this species.
These particularly occur in the Gulf of Carpentaria, which must offer one of
the best crocodile habitats in the world.

The crocodile conservation situabion in Australia, although still far from
ideal, is much more satisfactory than in most other croccdile-bearing
countries. It does not seem that eithex species is in any danger of extinction.

R e e e




1y

to

mic
wer

s of
in
mp-
10T~
5.
s of

rom

tion .

.35 -

The freshwater specics is currently losing ground as a result of intensive
poaching, mainly by expatriate shooters operating from Queensland. How-
cver, the Governments concerned are well aware of the problem (Bustard,
1969) and steps are being taken to remedy it. :

The estuarine crocodile has been under pressure for some time, Its
large size at first breeding makes it extremely vulnerable. However, it has
been reduced to a level where commercial shooting is no longer profitable in
most areas., Furthermore, there are Aboriginal Reserves where substan-
cial populations still'cccur,” Although the species will never be common
again over most of its former range, there is no reason to think that ad-
equate provision will not be made for it in National Parks and by legislation
to control shooting. :

Exploitation

The freshwater crocodile may only be exploited legelly in the State of Queens-
land where 'explo'itation was extremely heavy with the result that the species
has been drastically reduced in numbers. Poaching occurs extensively in the
Northern Territory and Western Australia (see Conservation).

:Th'e estuarine @rp;odile may be légaﬂy exploited in the Northern Terri-
tory and Queenslangd, Shooting has reduced the populations to a tiny fragment
of those existing in 1950, ’

Conservation

Freshwater crocodile. This species-has been totally protected in the State of
Western Australia since 1962, On 1 January 1904 similar legislation was-
passed in the Northern Territory. Unfortunately, Queensland has still not

agteed to any legislation to cover this species despite requests at the

Australian Fauna Authorities Conferences extending-over many years. This
means that extensive poaching occurs even where it is completely protected
(see National Requirements (Conservation)). Poaching has recently become
50 severe 4as to cause alarm.. It is certain that even the present large popu-
lations cannot sustain the present level of poaching (Bustard, 1969).

Estuarine crocodile, Political attitudes to this species are coloured by the
fact that the species is a known man-eater, is frequently alleged to attack
stock, and has a first class commercial hide, Following advice from me the
Government of Western Austrelia placed the estuarine crocodile on the totally
protected list early in 1970. This action will be in force for an initial period
of ten years when a further survey of crocodile stocks will be carried out, If
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the species has regained ground then licences may be issued to allow the
taking of some stock to gtart commercial farming enterprises (see Naticnal
Requirements (General)). li is not envisaged that indiscriminate shooting
will ever be allowed again.

The Northern Territory is considering similar action'to Western
Australia. It would appear likely that, as happencd with the freshwater
species almost a decade ago . the lead set by Western Australia will be
followed by the Northern Territory. Unfortunately, it seems most unli cely
that Queensland will apply protection to the estuarine crocodile. There have
been a aumber of deaths involving Europeans in Queensland and the reptile is
widely loathéd,  This means that a poaching problem will occur as.currently
exists for the freshwater crocodile.

Since Australia is an island continent, and crocodiles occur in only three
of the seven political units, action by Queensland on the freshwater crocodile
would protect the species throughout its range. Poaching would no longer be
an important problem as the Commonwealth {Federal) Customs would
prohibit export of skins or specimens, on the samec way as applies at present,
to animals such as koela bears, the platypus and echidnas. B

The estuarine crocodile poses more difficult problems. VWhereas the’
freshwater species does not have a desirable skin and is quite innocuous, to
humans unless attacked, the cstuarine is a prime commercial animal, =
Accordingly, although it is hoped that it will soon prove practicablé to give
total protection to thé freshwater species in Queensland and hence throughout
the Continent, rational cxploitation techniques which can be enforced politi-

cally have to be worked out for the estuarine crocodile.

S T R T

It is my belief that farming offers the best sclution to the problem (sec :
National Requirements (General)). Quite apart from providing a strong: :
political case for preventing the extinction of the species (based on its’
potential commercial value in farms), such farms if properly organized and
on a sufficiently large scale, could supply much of the world demand for hides
and so reduce pressure on wild populations. There is no questicn that the
main skin buyers would much prefer to be able to write long-term contracts
to buy skins of specified’ quality and size, in place of the present haphazard
situation which exists as a result of exploitation of dwindling natutal stocks.

E duca-tion

Ag with all conservation problems cducation is a 'must’. Scopeé for education
concerning crocodiles is extremely wide as the group enjoy, a very low popu-
Jarity status. Every cffort is being made to provide factual information on.
Australian crocodiles and their right to continue to exist, by means of .
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newspaper releases, semi-popular articles in magazines, radio, TV and
films. The farming ventures about to commence in the north under my
puidance (see National Requircments (General)) have arcused very consider-
able interest in crocodiles.

Research

Extremely little worl has been carried cut at a2 research level on Australian
crocodiles. Many years ago I intended to start a long-term field population
ecology study of the freshwater species, However, it scemed that my time
could be more gainfully employed on short-term, detailed survey work and

-providing advice and reports to Government.,

However, in order to be able to age standing. populations in the field,
which is an exceptionally important requirement both in ecclogy and conser -
vation, we have been working on skeletal age determination techniques. This
would appear to have considerable promise, especially since, in species like
C . johnsoni, age determinations can be readily made froin scutes which can
be removed from the living animal. In the course of this work it is hoped to
be able to build up a substantial body of data on the range of sizes occurring
in each age class for both Australion species.

I know of no other research on these specics of relevance to this meeting

.

National Requirements

Research

There is an urgent need for an Australia-wide survey of crocodile rescurces
in order to determine the location of the larger population remnants of both
species i In view of my recent work in Western Ausiralia, cfforts: should be
primarilydirected at the Northern Territory and Queensland. The surveys
would allow strategic siting of National Parks and provide a basis for future
work both in Australia and overseas. I shall be carrying out survey.work in-.
the Northemmn Tarritory and Queensland later this year to determine where the
best estuarine crocodile populations occur. -

There is an urgent need for long-term population ecology studies on
crocodilians, An ideal species in many ways would be the Australian fresh-
water crocodile. Its comparatively small+size together with the billabong
habitat (billabongs are pools which result when rivers stop flowing during the
dry season) make it particularly amenable to work-of this nature. Effective
conservation requires infermation of many aspects of crocodiles' life tables
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which are at present unknown. It is, however, only fair to point out that
there are many difficulties in working with wild populations of crocodiles.
The size of the animals concerned and the distances from centres of popu-
lation usually make the work extremely costly -- well out of reach of an
ordinary University department. '

To my mind, one of the most important cons ervation-oricented fields of
research with species like the cstuarine crocodile is to pioneer crocodile
farms - at a pilot research level. Ihave felt for some years that a species
such as C. porosus should be amenable to farming. I have seen perned
individuals in northern Australia lay eggs in captivity in successive years in
very smail enclosures and also noted most favourable growth rates under
such conditions. Accordingly, I sought funds from the Australian Federal
Government to carry our pilot research cro codile farms in northeran Australia,
Funds were provided, initially for a three year period, by the Prime Minis-
ter's Department. Only C.porosus will be used in these farming exper-
iments.

Sirce receiving funds I have visited the first-class crocodile faxrm owned
by Mr Utai Yangprapakorn and seen the excellent growth rates obtained there.
Details will be provided in a later paper (Paper No 10j." There can now be no
doubt that crocodile farming using species such as O, porosus or C. siamen-
sis is a feasible proposition. o - T

Conservation
This matter is best dealt with State by State:

Western Australia. Both species totally protected., Conservation problem
centres around reducing poaching of hides to sell in Queensland {(freshwater)
or Queensland and Northern Territory (saitwater). Huge areas of crocodile
habitat very difficult to police, Poor public image of crocodiles means that"
magistrates ctc. do not always co-operate fully with Fauna Wardens. - The
Government of the State of Western Australia® takes a most enlightened -
attitiide to conservation (reflected in the fact that both crocodilés are fully
protected) and will take any rcasonable measures possible to ensure their
strvival. A large Fauna Reserve (this State's terminology for wlhat is known
internationally as a National Park) is being created specifically for the estu-
arine crocodile at a location particularly recommended by me. | '

*  Its Fisheries Depaxtment has. long been a Member Organization of
IUCN and was probably the first Australian one to become so. - Ed.-
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It seems likely that the hunting closure of the estuarine species will
reduce poaching of the freshwater. Until 1970, when it was still permissible
to take estuarine crocodiles, possessicn of crocodile catching equipment
could not be deemed unlawful as the shooter would say he was only taking the
unprotected species. Now, with both species fully protected, clearly any-
one in possession of gear is out to break the law. :

Northern Territory. Total protection of freshwater species. Itis hoped
action will be taken as a matter of urgency to give total protection to the
estuarine crocodile also and then to reduce poaching of both species. .

Queensland. No conservation leblslatlon exists for either crocodile at
present., It is to be hoped that Queensland will move towards total protectlon
of the freshwater species, There would then be no conservation problem for.
that species throughout Australia as poaching would no longer be profitable .
since (a) there would be no legal cutlet for skins inside Australia and’

(b} export of skins would be forbidden by Federal Customs,

The estuarine species poses considerable prob.lem'sr in Queensland.
Some legislation is essential but will be hard to bring about. At least one
large National Park for the estuarine species is considered necessary. It
appears likely that this can be declared. In Qucensland the best remaining
populations of the estuarine crocodile arc inside aboriginal reserves which
are supposedly inviolate by whitc Australians., These arcas arc under the
control of the Department of Aboriginal and Island Affairs and unfortunately
cannot be declared National Parks. However, the co-operation of the
Department of Aboriginal and Island Affairs in safeguarding these croco-
dile populations is being sought, with the rationale that they can form the
basis of croccdile farms run to aid aborigines.

Reference

Bustaxrd,

H. Robert 1969. '"The current status of crocodiles in Western
Australia with recommendations for conservation and managed
exploitation™, Report to Government of Western Australia,
November, 1969.




APPENDIX

The status .of Crocodylus porosus outside Australia,

not including Papua, New Guinca and Thailand (covered by other delegates).

Having cxamined the available information together with that which I have
been able to obtain through personal correspondence, I do not feel that it
is profitable to attempt to discuss the status of the estuarine crocodile in
the various areas it inhabits in Asia; information is too sparse to give a
reliable picture, However, onc obtains the impression of a species which
is rapidly loosing ground both as a result of reduction in numbers ‘in any
piven locality and as a result of range contraction. There is no doubt
that porosus is extremely vulnerable to modern shooting methods. It is
extromely difficult to judge the effectiveness of legislation even where it
goes as far as to place a complete ban on the export of skins (as is the
case in Ceylon and Indiaj.
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Pape_r l\lo 3

REGIONAL SITUATION REPORT -- PAPUA AND NEW GUINEA

M.C. Downes
wildlife Laboratory, D.A.S., Konedobu

The two species of crocodile found in the Territory of Papua and New Guinea
are the estuarine or saltwater crocodile Crocodylus porosus and the New
Guinea freshwater crocodile C.novaeguineae,

The_major areas of alluvial riverine plains, swamps and tidal swamps,

- forming very suitable habitat for crocodiles, probably total at least 40,000
square miles (see Figure I of Paper No 12 in these Proceedings, by the same
author) . -

The major crocod.tle producing districts are the Fly River, the Gulf and
the Seplk River, all within the lowlands of the main island.

The saltwater crocodile is found in greatest numbers in the estuar1es and
the lower reaches of the big rivers; but it occurs on all coasts and coastal
rivers throughout the Territory. Inland it is usually limited to the larger,
deeper rivers and connected water systems, but it can appear in any fresh-
water swamp in occasional big flood years. It is regularly reported in the
swift flowing rocky streams of the upper Fly River more than 600-700 miles
inland, virtuaily in the foothills of the inland ranges, and similarly in the
Sepik area,

Saltwater crocod1les not long hatched seem to be found through most of :
this range but are frequent only near the coast. Unused nests, said to beé of
this species, have been inspected in dry earth some 10-20 feet above the
river in forest at Lake Murray, and similar nests are reported further inland
at Kiunga, =

A very big reduction in the numbers of saltwater crocod1les has occurred
since commercial shooting started in the mid 1950s. In partloular the un-,
controlled shooting of erocodiles from upwards of 5 feot in length, in the
period 1955-60, greatly reduced the adult population of saltwater crocodiles
in accessible rivers and lakes, At the present time it is difficult to find thlS
Species in any of the water-ways accessible to boats .

The initial and rapld decline in saltwater crocod11es was followed by an, .
mcreased hunting of freshwater crocodiles, which reached a peak in 1965. 66
The freshwater crocodile, as far as is known, is restricted to the main




island of New Guinea. Suitable intand swamp habitat of anv size does not
occur east of about 148° B, longitude {east of Port Moresby! so that the
freshwater species is found only from this longitude west into West [rian on
both the north and south coasts. It is rarely taken in saltwater Tocalities,
and reaches its greatest pumbers in the extensive swamps of the inland
swampy plains.

Nests are located throughout the large grassy -swamps and dre stifl v
plentiful in the more remote and inaccessible areas. At coastal localities
over 90% of skins for export are of the freshwater species, inland more than

99%."“:

The marked decline in expoirt of skins. after 1966 -is due to a very
obvious shortage of freshwater crocodiles il the areas easily hunted. There
ar,_e_‘moderate‘numbers‘ still available in areas more difficult, of .access. In
these areas due. toirough terrain or to. the indigenous.people having had lim-
ited; contacts with the outside vworld, the freshwater, crocodile is only slowly

being reduced in numbers.

... However, these reservoirs of crocodile stocks are.:restricted in size
compared with the original multitudes and are; definitely threatened by the

ever extending economic and cultural contacts. Although habitat changes
have not yet reached significant proportions, there ig definite,potential .danger
from introduced fish. (Tilapia in the Sepik) and mining .exploration in the head-
waters of the Sepik and Fly Rivers,. ‘with the considerable potential fox ... ..
pollution. S - Lo e

Prior to Buropean contact, in the.areas where crocodiles were plentiful,
the native people hunted them for food; but it was the. eggs and -younger stages
which were most heavily used. Naturaily, such a large and dangelrous' _
animal was feared and revered, and played a dominant role in the folklore of
traditional society. A clear distinction was made between the two Species ~-
in appearance,, breeding habits and danger to man. Until the time when; the
saltwater crocodile was: greatly reduced in'mumbers, 1ihma;1,dqath.s,_w'epe
frequent-in the estuarine areas.. However,. it must be realiz,ed_that only.in.a
few special hunting communities wexre the majority of the men all skilled: 1 ...
crocodile hunters. These peopie frequently herded freshwater crocodiles up
to 8. feet.in length in the grassy: swamps, feeling for the crocodiles lying
dormant on. the bottom, reaching down and clamping their, jaws shut, with their
hands or. slipping. a2 noose oVer their mouths. In.one of the few areas knowm,.,
to-have.a taboo,on Kkilling .of crocodiles, prior to, the rise .o'f the industry,, this
custom ‘was modified to allow the people to, participate to it, because the. . .
species was the main available source of foed. . : C

The present methods of hunting fox commercial purposes are, with -an
electric torch and spears, oirar ely g.shotgun, -at nights: Spearing, hooking:
on baited line and, occagionaily, netting are.the usual methods, in.decreasing

R e
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rder of importance. Adults are often killed in daylight, sometimes being
surprised on land but much more frequently being females attending nests,

‘Eggs and young are frequently harvested but probably at a reduced rate com-

pared with the past,

If protective controls and constructive management projects were brought
in on sufficiently large scale there are still adequate numbers of crocodiles of
both species to regenerate and sustain a viable industry. : Howevex ;: the o
problems are not all ecological nor to do with the organization of marketmg
There is a reluctance amongst western-oriented eccnomic planners to organ-
ize an industry based on such a dangerous unattractive wild animal with so
few friends as the crocodile.

Nevertheless, for many indigenous people in several districts of Papua -
New Gumea the crocodile is no more unusual than the cattle so famlllar 1028

' Western community, It poses much less danger to thcm than the moter car

does to us. Over a wide region, it provides the only soutce of income 'in
primitive areas, which have little potential for cenventional agriculture
products. ' : : - ' '

For these and other reasona special efforts are needed to conscrve the
crocodlle stocks and w0 organize a btable long-term mdustry
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Paper No 4

THE STATUS OF FOUR THREATENED CROCODILIAN
SPECIES OF ASIA

René E. Honegger
Zoologischer Garten, Zurich

Introduction

Cr-oc_edylus-palustris:palustris, Crocodylus siamensis, Tomistoma schlegelii
and Gavialis gangeticus are threatened species. The reasons for their -
decline are extensive hunting and the loss of suitable habitat.

Crocodylus palustr1s kimbula is con51dered to be a less threatened
species, due to the present legislation which is highly commendable. With
the exception of C.p.kimbula, very little biological -information about these
crocodiles in the wild is; available. The only breeding records in zoos of
which I know, pertain to the typlcal race of C,palustris; in addition, in a
private farm in Thailand, great numbers of C siamensis hatchlings are
reared to skinning-size.

The details are set out below in the style and under the headings used
in TUCN's Red Data Book (Vol. 3, Amphibia & Reptilia), references being
indicated by numbers in brackets.

Geographical Distribution (1)

BRUNEI 4 Tomistoma schlegelii

BURMA Crocodylus palustris palustris (7)

Gavialis gangeticus

CAMBODIA Crocodylus siamensis
CEYLON Crocodylus palustris kimbula
INDIA Crocodylus palustris palustris

Gavialis gangeticus
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INDONESIA Kalimantan Tomistoma schlegelii

Java ' Crocodylus siamensis

Sumatra Tomistoma schlegélii
iRAN Crocodylus palust_‘r‘is ‘-palustris‘
LAOS - Crocodylus siamensis
MALAYSIA Malaya Tomistoma schlegelii
PAKISTAN  Western Crocodylus palustrls palustrls _

Gavi a.hs gangetlcus

Eastern Crocodylus palust‘rls palustrls

Gavialis ‘gangeticus

SINGAPORE (14) _ Tomistoma schlegelii
‘THAI_LAND o o Crocodylus siamensis
VIETNAM  Northern Crocodylus sidmensis
Scuthern Crocodylus siamensis
f £ 3

Crocodylus palustris palﬁstris‘ Lesson 1831

Marsh crocodile, Mu gger

Status:
India; "Exterminated in most areas of its range” (2). "Extremely .
- .rare” (3).
. Iran: . "Relatively rare and depleted ~a rough estimate, of the populatlon

(Sarbaz River in south-east Baluchistan from 5. km north ofithe,..
village of Rask to the Gulf of Oman) . would be from .60 to 100 md' -j
. - viduals"™ (4).
Pakistan, West: ”Extremely endangered, near extinction" (5).

Reasons for decline;

India: ""The major portion of skins expbrted was made up by this
species" (6). "Poor enforcement of hunting rules, highly profit-
able foreign trade in skins, loss of habitat and food resources” {(0).

Iran:  "Past poaching activity and habitat interferences are the major
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factors in the crocodile’s; reduced numbers., Low rainfall -and
scarcity of suitable pools in ¢the rivers are natural factors limiting
their numbers"” (4).

Protective measures taken:

Tndia: " Officially protected” 3).

Iran: 'Protected by the Game Ordinance of the Iran Game and Fish Depart-
ment. It is unlikely that anyone has ever been apprehended for
taking crocodiles, since the area of S.E . Baluchistan is isolated and
poorly protected by this depaxtment” (4). ‘

Protective measures proposed: '

Tnedia:  "a) Prohibition of export of gkin and any other part of crocodile,
b) hunting and shooting to be prohibited for ten years,
¢) 1 game laws to be more rigorousty enforced outside Government
forests, by some appropriate agency,
d) preservration of-breeding stock and establishment of crocodile
farms to be encouraged.

e} a surveyto be -undertaken of the species’ present status" (6).
Iran: "Establishment of a Sarbaz River Protected Region and increased
- patrolling and recognition of the wildlife and habitat resources of
the region™ (4).

Number in captivity: B g :
At least 2 males, 2 females, plus 94 specimens, of which 48 were hatched
in captivity, in 13 zoos' (8).

Breeding recoxrds in captivity:
Ahmedabad Zoo (19607, 1962, 1969); Baroda Zoo (1964); Bangkok Zoo
(1965); Jaipur Zoo (19607, 1962, 1963, 1965, :1967', 1968) (16).

Remarks: :
"Average size: 315 cm, maximum gize: 410 cm” (10).

Rescarch: : S L
TAn cxtensive study on this species was planned for November 1970 by the
Gamie and Fish Department of Iran. A prelithinary study made in ‘April 1970,
showed the species to bein imminent danger -of extinetion «due to:po achers and
habitat interferénces. Following our récent survey we have made.recom-
mendations for the establishment cof a Sarbaz River Protection Region" (4).
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Crocodylus palustris kumbula Dv:,ranlyagala 1936
Ceylon swamp croc;b;dllxe; \1mbu1q ‘
Status:

"Thig crocodile can be observed, at lc,ast in Ruhuma National Park, regu-
larly in larger numbers and in various age groups™ (11),

Reasons for decliﬁe:
"Past poaching and hunting for their skins' (17).

Protective measures taken: :

"In the 1964 Fauna and Flora Protection Ordinance, the Ceylon swamp ¢roco -
dile is-¢ited as an animal which shall'niot be shot, except on a special licence
at any time of the year. Specml licénces, obtainable'from the Govérninent -
Department of Wildlife, allow the takmg of only one individual” (17)." "The
. possession of skins of this species is an offence, the export of skins is -
totally banned™ (18), "It is considered that the above legislation will ensure
the future of this crocodile, It is the value of their skins that hag almost
wiped out many species of crocodiles. The legislatiod in fofce in Geylon 1s_:
highly commendable" (17).

Number in captiﬁi\ty':'
"At least 3 specimens in 3 zoos" (8).

Remarks:

For biological informsdtion on this species see Deraniyagala's publications
(15, 15a).

Crocodylus siamensis Schneider 1801

Siamese crocodile

Very little information is available on this species.
There is a farm in Thailaid which holds mature C,siamensis, and is
currently producing young, of which a large percentage is reared to
skinning’ size (19). (See also -Papers 8,10 and other references in these
Proceedings .) SR : R

Numbér in captivity: S :
"At least 1 male, 3 females, plus 14 specnnens, in 15 zoos" (3)
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Remarks: _ . : :
T oo e o : 38 -
TAverage size: 315 cm, maximum size: 380 cm (10).

k3
¥
L

Tomistoma schlegelil (Muller 1838)

False gavial, Malayan gavial -

Status: ] : :

Tn Malaya the false gavial is protected in the States of Selangor, Negri
Sembilan and Malacca under the wild Animals and Birds Protection Ordi-
nance 2 of 1935. Trapping and hunting meay be carried out throughout the..
State of Malaya, even where the specles is protected, requiring a licence.

In the Taman Negara National Park, all species of wildlife are protected_(,lZ) .

Number. in captivity L
TAt least 2. males and 51 specimens in 35 zoos" (8).

Remarks:
,._—-——'_——_ ..
TAverage size’ 280 - 310 e, meaximum size: 500 cm™ (10). .

Gavialis gangeticus (Gmelin 1789)

Indian gavial, Gavial

Status:

Tndia; Extremecly rare" (3). .

Pakistan: ' Extrcmely endangered, near extinction” (5). A rare. R
species” (13).

Reasons for decline: Y S S . o
India: 'The ommercial exploitation of crocodiles during the last few
decades for their skin has scen the extermination of the species-in.
most areas of its range’ (2y. "The gavial faces extinction jbecause
.. ..of poor enforcement of hunting rules, highly profitab}eforeign.t};@de
in skins, loss of habitat - diversion of river waters into canals =
and reduced food sources” (0). .
Pakistan; ' The main reason for their decline has been the extravagant:, ..
. shooting for theix skin'' (13). N RS

e
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protective measures-taken:

Tndia: ' Officially protected” (3).

Pakistan: ' "The export of Gavials, both live specim'ens and skins, has been
' totally banned from East and West Pakistan. Their shooting has been
controlled. They may be shot in West Pakistan only under a spec1al
© permit frém December Ist to March 3 3 1'st“ (13). : :

Protectlve measures proposed:

India: "a) Prohibition of export of skin and any other part of a gavial,
b) hunting ‘and shootlng to be prohibited for ten years, .
c) game laws to be more rigorously enforced outside Government
forests, by some appropriate agency; o '
d) a survey to be undertaken of the present status, .
.¢) preservation of breeding stock and establlshment of crocodlle
- farms to be encourasred" (6). ‘

Number in captivity:. _
"At least 6 males, 9 females plus 37 specimens-in 23 zoos™ (8).

[

Breeding records in captivity:

None;

Remarks:

"Average size: 380 - 470 cm, maximum sizes 675 cm™ - (10).
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EXTERNAL TRADE STATISTICS CF WEST MALAYSIA |

FOR UNDRESSED CRCCODILE SKINS

paul Wycherley _
President, Malayan Nature Society; Kuala Lumpur

Paper N 5

The imports dre nearly always less than the exports, which include re-

export of imports.
- Exports

1b $(Malayan)

1953 312,865 2,130,580
1954 305,020 2,022,344
1955 350,276 2,451,564
1956 354,225 - 2,288,953
1957 366,155 .~ 2,617,423
1958 425,697 . 2,479,079
1959 308,840 1,982,182
1960 . 4998 20,359
1961 - 7,157 - 26,453
192 3,004 15,987
1963 3,276 12,939
1964 . 4,074, . . . 12,326
1965° - 3,821 21,029
1966 1,321 .. - 7,730
1967 © 2,037 - 12,240
1969 1,386 7,580

b

272,467
232,554
280,611

243,821 .
327,811

332,165
184,275
1,052

8,933

4,892

8,298
3,571

0
EUE
802 o

Imports

$(Malayan)

1,114,339

1,045,767

1,413,919

1,176,424

1,577,322
1,773,513
985,202
3,121
14,191
12,535
10,210
5,228
0
1,060
¥ ?ﬁ;OBB
e
500

Table 1, Weight in 1b and value in Malaysian dollars (M$3 = US$ 1).: -
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The imports were from Sarawak, Sumatra, Thailand and other surroun-
ding countries for re-export, sometimes after some dressing or tanning.
Figures for the export-of dressed hides were uncbtainable.  One difficulty is
that dressed skins of both snakes and crocodiles are lumped. together in the
trade statistics. There may be some wastage in dressing skins which
reduces the weight but increases the value.

The few figures thus available in respect of dressed skins are therefore
fragmentary and cover the total trade in snake and crocodile skins:

b . $(Malayan)
1962 1,447 19,100
1963 7,075 -, 12,592
1964 56,688 13,819
1965 5220 4,272
1967 85 . 470
1968 . 704 1,430

. The decline in imports of undressed crocodile skins may be due to the
. other countries concerned trading directly with consumers; and the decline
in exports of undressed crocodile skins 'may'be due to a larger proportion
being dressed and reduced in weight before: export. However, the few °
figures available for dressed skins (including snakes) do not suggest that
dressed skins have been counterbalancing the rather abrilpf fall off the trade
'in undressed skins which occurred in 1960, Previous to that year, namely:
. up to 1959, the total trade (i.e. the export figures) averaged 154.,5 long
tons of skins per year and the value averaged Mi$ 2,281,732/, Thereafter
exports fell to an average of 1,45 tons valued at M$ 16,341/-, i.e. to less
than; 1% of the former figure.

. There does not seem to have been-any fall off in the demand, or ‘not
.. enough to account for this decline. 1 conclude that crocodiles (especially
Crocodylus porosus) are now very rare. ' Supporting evidence I can quote is
That, for example, the Pilot for the Straits of Malacca published in about
1950 (I have not -a copy in front of me and I am quoting. from memory),. .
comments that crocodiles abound in the estuary of the River Klang at Port

" Swettenham and that they are frequently to be seen basking on the mud -
panks. No one from among my friends at the Port Swettenham Yacht Club,
passengers and crew of ships, parties of students from the University of
Malaya and so on, have reported seeing any crocodiles in the River Klang
estuary for years. - . : :




One planter made a living by shooting crocodiles during the depression
of the 1930s, However, the Malayan Zoological Society had great difficulty
n obtaining specimens for display when the Zoo opened in 1964, Even

g .

- experienced Malay and European hunters ¢ould not find many at that date
: and today crocodiles are quite definitely scarce. : :

. In 1954, 1visited the Langkawi Isliands off the north-west of Malaya

re and I was advised not to swim in the sea, except within a stockade, because

' “of a recent death and a maiming of swinmimers by large crocodiles. .I
‘understand that sea bathing is now considered quite safe in these waters.
. Therefore the status of C.porosus is probably critical; I regret I

“have little information about Tomistoma schlegelii. c
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Paper No 6

SITUATION REPORT ON CROCODILIANS FROM
THREE SOUTH AMERICAN COUNTRIES -

Federico Med'ém' 7 o .
Instituto "Roberto Franco", Villavicencio (Meta)

Introduction’

This report was originally planned to refer to the actual situation of croco-
dilians from all South American countries. This proved to be impossible
because communications difficulties inhibited the acquisition of exact data
from Venezuela, Ecuador, Bolivia, Paraguay. Uruguay, Argentina, Guyana
(former British Guiana), Surinam and Cayenne, Thus, officizal statistics
from Brazil (Amazon Valley), Peri and Colombia only were available for up
to date reference.

It is evident that all crocodilians suffer from heavy hunting pressure, due
to the excessive demands of the tanning industry; severzl species are either
greatly diminished or virtually extinct. Crocodilians are generally considered
to be useless or even regarded as pests, This they are certainly not since
they play an important réle in the nutrient cycle within their natural habitat,
as shown by Fittkau (1970}, Local inhabitants from the Amazon Valley dis-
covered, to thelr surprise, that the fish populations in various lakes dimin-
ished considerably after the extermination of caimans. Apparently there
existed an interdependence between the metabolism of the latter and the larvae
of those fishes which spawn in the lakes. The excreta of caimans form the
basis of nutrition for bacteria, phyto- and zoo-plankton, and these again
comprise the main food source for larval stages and juveniles of several
larger fish species, as well as for juveniles and aduits of many species of
small fish, which serve as food for the former. The same happens in Colom-
bia, where most fishes of commercial value have diminished at an alarming
speed during the past ten years, even within those areas where no over-
exploitation occurs,

Official statistics about the exportation of hides and living specimens
from Colombia refer to material already exported; those submitted by the
tanning industry in Bogotd include both exported skins and others still stored
in the warehouses, There exist, however, discrepancies between the official
reports and those given by local traders; official statistics do not always
correspond to the facts, mainly because traders submit faked data and altered
accounts, and that there are not sufficient inspectors to control the transport




: by land and air of hides which are frequently concealed beneath other mer-
““chandise or in empty gasoline containers. As is well known, a well-organized
: national and international illegal trade exists, which is hard to control. All
these uncertain factors must therefore be taken into account, if one wants to
assess the real situation, Thus, the actual data that can be presented give
only a smattering of lcnowledge concerning the actual state of crocodilians in
South America.

In the following country by country reports we refer to the official and
unofficial information in each, *

Brazil

Melo Carvatho (1967) refers only to the 'Jacarés’ as a whole, but does not
-~ give corresponding separate information on 'Jacaré- acu' (Melanosuchus
niger) and 'Tacaré-tinga' (Caiman sclerops or crocodilus). According to
his statistics for the various Brazilian States which geographically belong to
the Amazon Valley, the following are the numbers of hides of the Black and
Spectacled caimans traded between 1960 and 1964:

State Hides traded (1960 - 64}

Rondénia 24,512
Acre 6,361
Amazonas 231,038
Roraima 7,181
Pari © 176,094
Amap4d ‘ - 16,046 '
Maranhdo = S 1,470 '

Total 462,702

Table 1.

Note' The State of Maranhao east of Belém do Para, 1&. not situated in the
Amazon Valley proper ‘but the Tocantms RlVGI‘, Wthh runs in part through
1ts terrltory, flows 111t0 1he Baia de Marajo close to Belem .

a

H

I am indebted to Dr F, Wayne King, _Gurator of Herpetology at New York
Zoologlcal Soc1e1;y s Zoologlcal Park (Bronx), to Dr Pedro Rodnguev Guerrero,
Jefe Programa- Parques y Fauna, INDERENA, in Bogotd, and Dr Julio Gutierrez
Arango, Jefe. Secc1ona1 del Meta, INDERENA, in Villavicencio, for their
collaboratmn in srathermg both the official statistics and unofficial data.




- 56 -

The same author has alsc presented an account of the number of hides
which were traded from a single State between 1950 and 1965:

State - Year Hides traded (1950 - 65)

Amazonas 1950 4,926,908

' - 1951 262,020
1952 362,051
1953 430,774
1954 407,341
1955 .-
1956 1,039,923
1957 13,884
1958 6,450
1959 1,773
1960 : 490
1961 - 600 -
1962 oo 1,983
1963 327
1964 _ 129,044
1965 33,658

Total 7,517,226

Table 2

Amazonas State COIIiprises roughly the middie Amazon and Rio Negro,
together with its upper course, known as Rio Solimdes,. as far as Rio Javari
which forms the boundary of Perd; the lower Amazon, from Nhamundd to the
mouth, is inciuded in the State of Para,

It can be presumed that the majority of hides, possibly until 1963,
belonged to the Black caiman Melanosuchus niger, since these are of greater
value for the tanning industry; the very discernible decline in numbers bet-
ween. 1957 and 1963 may indicate the progressive scarcity of this species.
Hldes of the Spectaclcd ca_unan Caiman sclerops were used only when those
of M niger became more and more rare. In 1955 no skins were tradeu but
possibly the quantity given for 1956 indicates the total number for both years,
There is no doubt that a considerable decline in the number of hides soid has
occurred, even if one assumes that demand by the tanning mdustry has-also .
been less for several years

. Data for Brazil, since 1965, could not be obtained. Equally 1ack111g are
'_Stat1st1cs on the status of two other caimans; Caiman latirostris locally o
‘knowa as Jacare de papo amarelo’ or 'Ururau , and Caiman yacare called

‘J'acare . The former ran(res from Rio Sdo Francmco south to Rio Grande do

Sul, and the latter occurs in the Paragual River (Rio Paraguay in Spanish
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speaking countries) in the State of Mato. Grosso, but alse enters the Rio
Guaporé which forras the boundary between Brazil and Bolivia (Medem, 1963,

p,lS)o

During an expedition on the Amazon from Belém to Manaus in September-
Novembeér 1969, we observed only nine small juveniles of M. niger in the area
of the upper Rio Trombetas. Few hides were traded in Oriximina and other
villages, all of them belonmng to juvenile specimens (50 ~ 150 cm in length).
On the other hand gkins of Cuman sclerops were seen in great abundance in
most villages and settlements, the majority belonging to adult specimens.

In a letter to Dr Klnor (13 October 1970), the director of the Zoological
Garden in Rio de Janeiro, Adelmar F. Coimbra Fllho , stated: "What I my-
self can advance for sure is that the 'jacaré-agi’, Melanosuchus niger, of the
Amazonian Basin is rare nowadays, Its population is very reduced, The old
- glant Amazonian- 'jacarés-agus’ are now seldom if ever seen”.

-

Perau.

* Crocodylus acutus  'Lagarto’; Amcrlcan crocodllc

Hofmann (1970) made a survey from 24 July to 2 Auﬁu.:t 1970 of the Rio
Tumbes, a river which flows into the Pacific Ocean close to the border to

- Ecuador. Only six specimens, between about 40 and 120 cm in length, were
observed at night in the lower course close to the mangrove Zone, and 16
more were seen within the sector La Capitana to Cabo Inga. There is no
comrmercial hide huntihg, but local fishermen, hunters and cattle growers
kill every crocodile they meet. In the lower course of the river and in the

- mangrove zone C., acutus is virtually extinct, According to information
given by natives of the area, small populations still survive in the brackish
water zone close to Puerto Pizarro and El Salto, as well as in the uppermost
course of Rio Tumbes, called Rio- Puyango, between Murciélago and Cabo
Inga.

Extermination has been due to the following reasons:

1) intensification of fishing activities within the mangrove zone by means of
la:co'e nets across the cha_nnels,

~2)  Kkilling of crocodiles because of fear of the damage they could do to people
ana cattle;

3)the p;des are considered as trophies by hunters; and

4) - the tail meat is caten by local inhabitants .




The author recommends that further Surveys should be carried cut at the
Iollowup sites: : .

Mangrove zone: Puertc Pizarro; EIl Salto.
Rivers: Ric Zarumille, north of Tumbes; Rio Puyango (uppermost

tourse of Tumbles nlvef) Rio Chira and Rio Piura, both
souul of Tumbes. :

The best time for field studies is April - May; a period of about three wecks

e

would e sufficient to investigate all the places named, .

Hunting of Crocodylus acutus is probibited by law (Resclucién Suprema
Nc-343, 16 OCtubef 1950} . .

Caiman sclerops  'Lagarto blance';  'Spectacled caiman'’

Specimens of a size less than 1.50 metres are protected (Resolucidn
Ministerial No 2525, 18 November 1953).

The report of a survey, undertaken by FAO in 1970 on the Peruvian
Amazon (Rio Marafdn), records the numbers of hides sent tc Lima from
Iquitos ;:1d Imcallpa as follows DR

'Year' o © “Hides

1963 .. ... .. 17,839
C1964 - . 20,650

1965 . 420,506, .

Co1%6 16,629

1967 . 14,628
S1968. - . 19,788
1969 . | 17,601

Total 127,641
Table 3

The number does not include hides ‘ix.nported”ﬁ:ém other éoﬁﬁtries, such
-importations took place until 1966. From Lima about 106,075 caiman hldes
‘were exported, the rest being used within the country, ' ‘ :

Considerably greater numbers of hides, however, were exported from
or, to be exact, traded in Leticia (Comisaxia Amauonas), the capital of the
Colombian Amazon and main trading place on the upper Amazon River., To
quote the FAO report (p.2): "In Colembia the minimum size is 1,20 m, and
in Brazil 1.00 m. However, in Leticia (Colombia), the only place in
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Colombia not affected by protective regulations, small-sized hides (50 -
100 cm) were traded freely. The number of hides traded in Leticia amounted
t0 299,404 in the one year period 1 July 1969 - 30 June 1970. The majority of
these derived; it appears, from Brazil and Perd..." :

‘The report recommends as follows (p.3): "It is urgent that the

. Amazonian countries unify their legislation on hunting and trade of this
specics. A reasonable solution would be to have Colombia and Brazil raise
their minimum size tc 1,30 m, and to.-have exports of undersized hidés from

Leticia stopped...”

Melanosuchus niger  'Lagarto negro’; 'Black caiman’,

Specimens of a size less than 2 .00 m axe protected (Resolucién Ministerial
No 1813, 19 November 19503.

The abrove mentioned report by FAO refers to the hunting pressﬁre, :
based on data about the nuniber of hides traded in Iquito,; Pucallpa and Puerto
Maldonado , -as set out in the following table (hides imported {rom elsewhere
are not included): ' e '

Year : Hides
1962 | © 4,834
1963 | 3,799
1964 2,914
1965 3,536
1966 | ' 3,230
1967 o 2,333
1968 . 3,171
1969 2,646

Total - - 26,463 .

Table 4

Concerning the trade via Leticia the report states (p.4): “In.Colombia
this species is totally protected, -except in Leticia, where 33,525 hide_s were
traded between 1 July 1969 and 30 June 1970, The minimum size in Brézil is
1.80m™. - 1norder to rebuild populations of this species,  a total protec-
tion is "necessary over a period of fiveito, ten years ", According to FAQ ,
both caimans have declined in the Peruvian Ama\;ozi; . Inost hunters: now_ find it
more difficult to obtain hides of Caiman sclerops than five years ago; and
Melanosuchus niger is now absent in areas where it was previously found .-
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Note: = According to Colombian official statistics, in 1970 there were about
59_9—,'-973 hides of Caiman sclerops and 30, 105 of Melanosuchus niger (see.
below), while the FAO report refers to the quantity. traded between I July.
1969 and 30 june 1970, as amounting to 399,404 hides of the former and
35,525 of the latter. The discrepancy may, however, be due only to the fact
that the Colombian statistics cover the period January to December 1970,
while those of FAO are for the period of one year starting six months earlier,
Unfortunately the FAO report does not give monthly figures for the Leticia
trade. What is quite clear is that the trade of hides.in Leticia does consider-
able damage to neighbouring Amazoaian countries. '

Colombia

Colombia is one of the principal countries for the trade in hides and living
animals, due to its geographical situation. As already stated Leticia is the
main trading centre on the upper Amazon, from which aircraft travel
directly to Miami. Other centres of trade are: ‘Bogotd, D.E.; Barranquilla
(Atldntico), ‘at the mouth of Rio Magdalena; Villavicencio, capital of Depar-
tamento Meta, Orinoco Basin; Puerto Carrefio {Vichada), -capital of
Comisaria Vichada, situated on the Orinoco close to the mouth of the Meta
River; Puerto Inirida, capital of Comisaria Guainia, Orinoco Basin; Cali,
capital of Departamento Valle, and Buenaventura (Valle), the principal
harbour on the Pacific coast. To a lesser extent also Mitd, capital of
Comisaria Vaupés, and Miraflores on the upper Vaupés River, Amazon
Basin; Florencia, capital of Intendencia Caquetd, situated on Rio Orteguaza,
a tributary of upper Caquetd River; La Pedrera, a village on lower Caquetd;
Tarapacd, on lower Puturuayo River, close to the Brazilian border; and
Puerto Leguizamo (Putumayo), on the middle Rio Putumayo, Amazon Basin,
This geographical introduction is necessary to understand the official stat-
istics presented helow, - Several tanning companies exist in Bogotd and,
therefcre, crocodilian hides are now exported tanned, and not crude as for-
merly (Resolucidn No 16, 21 October 1969, Consejo Dircctive de Comercio
Exterior).

‘The national institution responsible for the protection of natural resour-
‘des s the Lastituto de Desarrollo de los Recursos Naturales Renovables
(INDERENA), ‘which was created in 1968 (Decreto No 2420,.24 September
11965) and replaced the former Division of Natural Resources of the Ministry
of Agriculture, - and the CVM (Corporacidn Auténoma de los Valles'del Magda-
lenay del Sintd), founded in 1962,  INDERENA is actually divided into various
Secticns: for instancc, "Seccidn Regional - Central™ has its headquarters. in
Bogotd, D.E. - ' AR :
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The following eérocodilians are totelly protected in Colombia (Resolucidn
No 411, 16 July 1968, Ministerio de Agricultura; Resolucidén No 573,
24 July 1969, INDERENA):

1) Crocodylus acutus "Caiman'; 'American Crocodile’,
2) Crocodylus intermedius "Caiman'; 'Orinoco Crocodile';
' confined to the Orinoco Basin.
3) Melanosuchus niger "Caiman negro’; 'Cocodrilo’;
"Jacaré-assu'; 'Black Caiman’,

Furthermore, restrictions exist on commercial hunting for various sub-
species and local populations of the Spectacled caiman, in so far as animals
under 1.20 m length are protected: ' :

4y Caiman sclerops apaporiensis 'Babilla’; "Tacaré-tinga'. Known
' ' ' from upper Apaporis River only.

5) Caiman sclerops chiapasius ~ ‘Babilla’; "Tulisio’. 7

Chocd, Pacific coast, Gorgona Island.

6) Caiman sclerops fuscus 'Babilia’; 'Baba’.
Atlantic coast; river systems of
Magdalena and Sind. '

The collection of eggs and hatchlings of all crocodilians is also prohibited
{Resolucidn No 1023, 30 July 1959, an. Resolucidn No 411, 16 July 1968,
Ministerio de Agricultura}.

The two species of the genus Palecsuchus are not protected since their
skins” show a high degree of cssification and were not formerly traded.
Actually, the hide of their 'flanks' (lateral sides) are now being used
(see below). The two species in question are as follows:

7} Paleosuchus trigonatus 'Cachirre'; 'Jacaré-coroa';
'Smooth-fronted Caiman’.

8) Paleosuchus palpebrosus *Cachirre'; 'Jacaré-coroa';
'Dwarf Caiman’. '

Both ‘are to be found in the Amazon and Orinoco Basins.

Recently, the previcusly mentioned Resolucidn No 16 (Consejo Directivo
de Comercio Exterior) caused a certain confusion. According to Article 1,
it is permitted to export tanned hides of reptiles only, among which all those
species which are protected by INDERENA were also-named. But, in contra-
diction to this, Article 2 reveals that the prohibitions already adopted for
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the defence of endangered specn,s (irn the various Resolutions mentioned
above) are still in force ! :

Furthermore, no limitations on the size of hides or on trade in living
specimens of endangered specics which are otherwise protected in Colombia,
arc applied at Leticia (a fact to which the FAO report has already and
correctly drawn attention); this trade centre is considered by the Colombian
Government to be a 'free port' for certain merchandise. In short, it would
seem to be quite evident that the lack of a unified approach in the application
of resolutions, regulations and laws to the country as a whole, an approach
which would not be subject to any cxceptions, creates confusion and favours
loopholes which are rapidly detected and eagerly exploited by traders.

Finally, it must be emphasized that considerable wastage of crocodilian
resources is caused by the fact that 'flanks’ are in great demand by the
tanning industry because of their small scales, These ‘flanks’, locally
known as 'corte de chaleco’ (waistcoat cut) or 'flancos', form a minimal
part of the whole skin; after tanning they have the size of a belt. In many
caseu, hide huaters now skin only these lateral séctions and leave the rest

of the hide to rot.

According to ‘o.fficic'-ﬁl statistics issued by INDERENA (March 1971) fox
the year 1970, the following numbers of hides and living caimans were
exported:

Species ' Hides =~ Living specimens - Total
Caiman sclerops 599,397 360 599,763
 Melanosuchus miger - 7,633 259 . . 7,892

Table 5

Additional statistics cover the trade in skins, hroken down .according
to differest localities. However, the information om which-these statistics
are bazed, which was supplied by local inspectors, is incomplete,and,
with the exception of Lcticia, does not cover the full year 1970 More-
over, no data about the size of the hides has heen included. The statis-
tics are as follows:




Locality

Leticia
Tarapacd
Miraﬂoreé
IV_Iith '
San José del Gli_aviare

- (Vaupés)
Pto. Inirida ’
Sta; Rita— (Vichada)
Pto. Carrefio
Viiléviceﬁcib
Pto. Lépez (Meta)
La Macar.'éna' (Meta)
Neiva (Huila)
Florencia
Yopal (Casanare)
Pto, Boyaca (Boyacd)

Total

(C. sclerops)

299,973
3,171
2,704

165

4,994
16,607
16,607
32,261
60,983
91,533
260
1,900
1,273
113

g .

532,552

Table

3

Hides
(5‘\_& nigei)

(1]

0,10

Ko

(=)

3

Period

Jan,.-Dec. 1970
Feb.-Nov,.1970
Feb.-Aug. 197G
Feb.-Apr, 1978

Feb.-May 1970
fan.-june 1970
Jan.-June 15978
jan.-Aug. 197C
Jan.2July 1976
Jan.-June 1970
Feb~Apr . 1970
Jan.-june 1970

7 1970
7 197G
? 1976

Concerning the trade in Leticia, discrepancies between the official
report by INDERENA in Table 6 and the 1970 report by FAQ {see paragraph

following Table 3) are evident.
399,404 hides for Caiman sclerops.

The former quotes 299,973 and the latter
For Melanosuchus niger 30,105 hides

are listed by INDERENA and 35,525 by FAO, The possible reasons for these
differenc¢és have already been mentioned in the final paragraph of the section
on Perd,, Moreover, the number of hides of M. niger, deriving from

Leticid and Tarapaca (30,541; see Table 6) are definitely not included by
INDERENA+in Table 5 which lists only 7,633 hides of this species as ex-
ported. Nor is it by any means clear whether the 299,973 hides of C. sclerops
from Leticia listed in Table 6 were or werenotincluded in the total figure

quoted in Table 3.

For the purpose of my final computations of the export of

hides of both caiman-species, I shall therefore -use the figures quoted in the
FAQC Report for the Leticia trade. :
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~ Other discrepancies to be noted from Table 6 are that the number of
hides of Caiman sclerops which passed through Villavicencio from January
to July 1970, is given as 60,983, while ancther report, alsc based on data
supplied by INDERENA, listed 64,089 hides between January and May of the
same year (Medem, 1970,'p.5). Again, Puerto Leguizamo, the main
trading centre on the middle Putumayc River, is not included and is said not
to have listed 2 single caiman hide, which seems to me impossible.
Probably hides from Pto. Leguizamo were exported via Buenaventura,’ to
which INDERENA (Regional - Pacifico} attributes 74,600 units included in
¢the overall Table 5 statistics. It will be appareat, therefore, that there are
a number of discrepancies between the official annual reports, ‘which makes
it of great interest to refer to the statistics submitted to INDERENA by two
Bogot4 tanning companies which specifically cover the skins exported during
1970, including 'flanks' as well as whole skins. The statistics, inciden-
tally, clearly show that, in addition to hides of specimens over 1.20 m, -
hides of Fess than 1.20 m in length were.also used, in spite of the fact that in

s

Colombia caimans under 1.20 m are protected (Resolucidén No 411, 1968).

Month Hides Hides
- (.greater than 1.20 m) (lesé filan 1;20 m)
January L 7,400 ‘ 15,000
February - 5,300 12,G00 .
March - 5,000 S e,
April S 55,000 a Lo 35,000
May - ---
June 10,000 22,500
july - -——
August 31,000 L
| September | 3,200 12,000
:Octob_if;rr e e 02,8000 -
November N P ——
December - __7,500 S 1,000
| Total 1-29,6ﬁ5 Total : 97,500 .

Grand total: 227,105 hides

Table 7. Export of tanned hides- of Caiman sblerbps by B

Mendal, HNOS., in 1970.
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Motith ' - Hides ' ~Hides =~ °~ Flanks"

(greater then 1,20 m) (less than 1,20 m)

Jenuary 10,0060 . 10,000
February 5,000 15,0000 12,500
March © 10,000 10,000 -
April 21,250 | 10,000 20,000
May 6,000 .. 10,000 10,000
June - - S ese 14,000
july | 57,690 3,000 e
August - 6,000 42,000

' September h 3,100 ' eem 5,000
October e e Ll
Novernber - 14,828 5,000 9,500
December 6,500 wam e

Totals 123,678 69,000 123,000

Grand total: 316,078 hides

Table 48, Export of tanned hides of Caiman sclerops:”
by LAO in 1970,

The combined totals of hides exported by Mendal, HNOS and LAO in 1970,
are: S :

Hides greatér than 1,20 m - 253,283
Hides less than 1,20 m 166,500
Flanks | T 123000

Total 542,783~~~

The latter total works out at 56,614 hides less than that oificially
reported by INDERENA for Caiman sclerops (599,397; see Table 5).

For Melanosuchus niger, Mendal, HNQS. listed 1,300 hides in February
and 1,332 in QOctober or a total of 2,633 hides. LAO exported 5,000 tanned
hides of the species, all in March. Thus, the 'total‘number of hides of the
Black caiman, exported legally, comprises 7,633 units, not including the
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material from Leticia (see Table 6), which agrees with the quantity
quoted by INDERENA in Table 5,

The newspaper "El Espectador' of Bogotd published, on 8 June 1970,
an grticle on the activities of INDERENA, which stated that the total number
of hides of Caiman sclerops, legally exported in 1969 - 1970, to the United
States, England, Germany and Japan, comprised. 1,461,870 units,

The plain fact is that all the various official and unofficial rEeports seem
to reflect rather approximate numbers only and ones which are certainly less
than the real quantity of hides obtained by the tanning industry. In the follow-
ing summary of the figures, I try to disentangle the diversity which exists
between the various sources in order to come as close as possible to approxi-
mate \,stlmata.s of offlcmllW exported hides of both species of caimans.,

1) Brazil. Melo Carvalho, 1967. No separate data for both species,

a) State of Amazonas (1950-1965): 7,317,226
b) - “Six other States (1960-1964): : 231,664

¢).. Total number for both caimans: - 7,748,890

2) Perd. FAQ, 1970,

a) Caiman sclerops (Spectacled caiman): 127,641

b) Melanosuchus niger (Black caiman): ‘ 26,463 .

-——\

3) Colombia. INDEL ENA March 1971. Not including Letlcm

a) Caiman sclerops ’hldcs and living specimens): 99 763

b) Melanosuchus niger (hides and living specimens): . 7,892

4} Colomb ia, FAO (Leticia only),
a) Caiman sclerops (hides): 399,404

b)  Melanosuchus niger (hides): 35,525

5} Colombia,. Including Leticia,

a}  Caiman sclefops (totzl number) Lo 998,930

b)  Melanosuchus niger (total number): . ‘) ‘ ‘ 43:,417




Number of Cairan sclerops from Colombia and Perd.

ay Total: 1,126,571

Number of Melanosuchus niger from Colombia and Pery. i

o) Total: | 69,880

Number of hides and living specimens of both caimans exported.

a) No specics defined (Brazil): 7,748,890
b} ‘ ‘Cairﬁan scierops {Cclombia, Peri): 1, 1.26,571
¢) Melanosuchus niger {Colombia, Peru): 69,380
@) Total number: ' ' 3,943,341

What this amounts to is that almost nine million Spectacled and Black
caimans have been exierminaied, within the periods of time and space
covered by the figures, Many more of these two species were no doubt killed
in other areas, not to mention other species and the crocodiles proper .
About the latter there exist some approximate data on hide hunting, mainly
submitted by old and experienced professional hide hunters, locally known as
'caimaneros . Commercial hunting on a large scale was abandoned in the
mid to late 1940s, because of the lack of sufficient crocodiles, but was still
carried on irregularly by settlers and fishermen; it is still illegally done,
and as soon as a crocodile is reporied everybody runs to fetch his gun .

The data submitted, and p@rtial_ly already‘published, arc as follows:

Crocodylus acutus -

a) Chocd, Atlantic and Pacific side '(Iviedem ,‘ .pp. 293, 302} ,' . Atrato
River: 8,400 hides; Beaudd River: 1,800; Togorom4 River:
1,280; San Juan River: 600; Total: 12,080,

b)  Colombian Pacific coast between the Chocd and the border to
Ecuador (Departments of Valle, Cauca and Narifio), From the
rivers Yurumanguf, Cajambre, Naya, Gudpi, Iscuandé, Tapaje,
‘Amarales, Patia, Santidnga, Pital, Guachal, Sald Honda, Limones,
Borbén and Mira, about 10,000 crocodile hides were obtained bet~
ween 1929 and 1932 (Medem, op. ¢t loc, cit.),

¢) Laguna de Betanof (Depto. Cérdoba), a lake 5 km wide during the
rainy season, completely drying out in the dry season, situated in
the middle Sind River area and connected with the river by an
affluent, the Cafio Betanci. The Sind flows into the Caribbean Sea,
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vrest of the Magdalena and east of Atrato River, About 30,000 hides
werc obtained from this lake alone; there arc no available data
about the number from the 5inu area as a whole (Medem, 1958,
p.47).

d) Rio Magdalena Basin: about 300,000 and 450,000 hides; data
obtained from different sources. In 1953, hide hunters from

Ciénaga Grande, east of the Magdalena, told me that hunting began
in 1928 and was organized by Freach tanning companies; during a
single night it was possible to harpoon between £0 and 120 middle-
sized crocodiles (2.59 m in average length); hides of larger speci-
mens wezre not wanted; the crews of two boats worked together;
hides were skinned the next morning (Maedem, unpublished).

It would certainly be no cxaggeration to reckon the total number of hides
of Crocodylus acutus taken at zbout 300,000 at the least, taking into account
the lack of information from various other arcas not mentioned above, as, for
1nstanct,, the Peninsula Guajira and the Catatumbo Tcrrltory, which form
parts of the Dorder w1t1‘ Veneuuela. o

2) Crocodylus intermedius

a) mo Guaymbero Guc.vmrc westcmmo st aflluent of th., Orinoco; the
. upper course fru“u the headwaters to the mouth of the Ariari River is

known as Guayo.aero, and the sector between the Ariari and Ormoco
as Guaviare. From the uppér Guayabero - Guaviare, close to thé
village of San J jose del Guaviare and the mouth of the Ariari, aboui
15,000 hides were derived between 1940 and 1943; from the upper

-and middle Guaviare the total number of hides was cc.lculated as
about 45,000 (Medem, 1952, p.47).

by The Rio Meta ond its affluents produced about 154 ,000 hides between
1938 and 1948 approximately; the hide nuntmg on the Guav1are and
Meta Rivers was orgamzcd by r'rench and German tannmg companies
(Mcdem, op. ct loc. cit., gave the number of hides taken as at least
43,00C; later moxe complete data became ava.llable} From the
scanty information collected, the total number of hides of the:
"Orinoco ¢recodile known to have been taken may be calculated at
‘about 199,000; no information is-available for the Rio-Arxauca, cast
of Meta River, and for the rivers which cross the Vichada, such as
the Rio Vichada itself, the Tuparro, Tomo and Bita;  as well as the
lower Guaviare and its affluent, Rio Infrida, all situated west of the
Meta,

The apprammmtu. total number of hides of the two Crocodylus species,
which are known, to have been derwed from Colombla, ‘thus compnses at

least 700,000 units.
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Conclusions

1)

3)

4) .

6)

7)

8

‘small’ juvenileés of between 23 and 100 cm in size and alladults (the

*Without exaggeration and undue sensationalism it must be stated that the

present situation concerning the South American crocodilians is rather
pessimistic.

Despite some excellent legislation, most of it exists only oﬁ paper,

“since it is neither continuously nor sufficiently enforced, = This is due
“either to the lack of wardens or to the joint pressures exerted by

commercial circles and local politicians.

Concerning the establishment of National Reserves and Breeding Centres
for crocodilians, the excellent proposals discussed at the meeting (see
Sections 14-23 of the Minutes, Part 2 of the Summary, on pp. 23-25 of
these Proceedings) need not be repeated.

A very reasonable golution of the present situation would be to have the .
- Ammazonian countries, e.g. Brazil; Colombid and Peru, establish an

international agreement and unify their legislation. This, however,
would not mean a final seolution, but only a major step towards it.

The Colombian Institution: for the Protection of Nature, INDERENA,
should be approached by IUCN with a view to an agreement about the
trade in Leticia,.which remains separated from the protection laws
prévailing in the rest of the country; this does much damage not only to
Colombia itself but also to neighbouring countries. . -

It would be highly desirable and basically essential, in order to, rebuile:.
the populations of crocodilians, to establish .total protection over a
period of at least ten years.

It is desirable to define actual limits of size, and in particular to protect
very young animals- Wmch are easy to catch. -Reproduction diminishes
rapidly both as the- result of *killing adults and also by disturbing them
ia the breeding season, It is important to anL1c1patL and prevent the
reaching of a'dangerouo 'point of no return' when individuals become so

‘scarce that the sexes have little chance to meet and reproduce.

What 1srecommended P ' ‘cheref_ere, is that hiinting of specimens of a size
between 1,00 and 1.20 m only, should be allowed and that hatchlings or

hides 'of which, as is well known, are considerably more ossified) should
be protected.
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9) The use of 'flanks' must be totally prohibited, since it not only does.. ...
harm to still existing populations but constitutes an undue waste of
‘natural resources which cannot be tolerated under existing conditions.,

10} Finally, the urgency of the recommendations for a general survey should
be stressed, in view of the importance of finding out the actual up to
. date situation prevailing in most of the South American countries and of -
.obtaining mgre exact data on the ecology and reproduction of croco-
dilians, with special refert,nce to the breeding seasons within their
natural habitats, - :
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Paper No 7

THE STATUS OF CROCODILIANS IN THE UNITED STATES,
MEXICO, - CENTRAL AMERICA, AND THE ‘WEST INDIES

James H. Powell, Jr.
Plainview, :‘Texas, USA

There are five species.of crocodilians, representing at least six subspecies,
in the New World north of South America: Alligator mississippiensis,
Crocodylus acutus, C.moreletii, C.rhombifer, Caiman crocodilus croco-
dilus, C.crocodilus fuscus and Cragodylus intermedius (the last mentioned
recorde-a_only from Trinidad), However, the intermedius records represent
strays from the South American mainland and, as there is no permanent
breeding population of this species on the island (though one might some day
become established), it will not be dealt with further in this paper.

Alligator mississippiensis

The range of the American alligator includes all of Louisiana and Florida and
parts of Texas, Arkansas, Mississippi, Alabama, Georgia, North and South
Carolina, and perhaps a sliver of extreme southeastern Oklahoma. Theoret-
ically, it extends from Tyrrel County, North Carolina to the Rio Grande;
inland, there are records from at least as far up the Mississippi Valley as
the mouth of the Arkansas River and from as far west as 100° W in Texas,
Actually, it is unlikely that wild alligators exist in Texas today south or

west of the Corpus Christi area., The last confirmed sighting from the Rio
Grande was in 1949, near Eagle Pass (1). Originally, the range was much
wider, and may have extended along the Atlantic coast to as far north as New
Jersey, The greatest concentrations of alligators are now found in south-
western Louisiana, southeastern Georgia, and southern Florida (2, 3).

As crocodilians go, the status of A.mississippiensis is enviable., It
now has complete legal protection in every state where it occurs naturally,
and some of the newer laws provide for severe penalties: in Florida, for
cxample, alligator poaching is now a felony. In addition, federal law
prohibits the interstate shipment of illegally taken alligator products, with a
maximum penalty of $ 10,000 fine and/or one year in prison. Several states
(Florida, New York, New Jersey, and California), as well as New York
City, have laws prohibiting or restricting the sale of crocodilian products.
The Mason Act, a New York state law outlawing the sale of products from a
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number of animals, among them all species of crocodilians, has been particu-
larly effective, owing to New York City's strategic position in the fashion
industry. In general, enforcement of these laws is conscientious.

The results of this upsurge of legislation are already noticeable, There

is a residual traffic in illegal hides, and it is probable that the hide buyers

" are trying to develop some way of smuggling skins into the European market,
In Florida, there is also a traffic in live alligstors which is difficult to
control, as there are so many legal alligator displays in that state. But
overall poachmg has declined drastically. Most of the buyers are going out
of business, and the alligators are beginning to thrive again. In 1970, young
alligators were notlcea.bly more common in the Everglades, and for the first
time in many years the reptiles have appeared in roadside canals. Law
enforcement agencies in Florida have also been swamped with phone calls
from frlghtened suburbamti,s asking them to remove ‘nuisance a.lllgators
that had taken up residence in their backyard ponds or lakes -- a sure sign of
a healthy populatlon (4,5).

The total alligator population of the southeastern United States is now
estimated at 500,000, Apprommately 270, 000, or slightly over half, are.
believed to be in Louisiana, distributed as follows: 170,000 in the coastal
marshes -- 102,000 on private lands, 08, OOO on refuges -- {these coastal - .
marshes cover from 3,500,000 to 4, 000 000 -acres (1,416,350 - 1, 618 690
hectares), of which about 2,865,000 acres (1, 159,385 ha) are prwately
owned); and an additional 100, 000 alligators from" other types of habitat in.
the state. The total alllgator habitat for Lou1S1ana is estlmated at
8, OOO OOO acres (3, 253,000 ha), and parts of it are now believed to be
approachlng maximum carrying capacity (6).

The alligator's spectacular conieback is dramatic proof of the resiliency
of crocodilians -~ a res111ency which brought them through the reptilian
doomsday at the end of the Cretaceous, and which can bring them through
again if given half a chance, Yet the very success of alligator conservatlon ;
has raised another problern. Should A. mississippiensis continue to be
treated as a threatened sp(,c1es? For the time being, Ibelleve it should
500,000 alligators may sound like a lot, but I see no reason to wait until a
species is on the verge of extinction before -taking action, The present
optimistic outlook is the r esult of vigorous, protection, and could quickly
reverse itself at the slightest complacency. :

Crocodylus acutus

Outside of northwestern South America, Crocodylus acutus occurs in Central
America (Panama, Costa Rica, Nicaragua, Honduras, El Salvador,
Guatemala, British Honduras), Mexico (both east and west coasts), Cuba,
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Jamaica, Hispafiola, and extreme southern Florida (7). In Mexico, there..
are records from the following states: Territory of Quintana Rod: (Isla de
Mujeres), Campeche, Colima, Guerrero, Michoacdn, Qaxaca, Tabasco IERTRE
Vera Cruz, Nayarit, Jalisco, and perhaps Tamaulipas (8). I know of no
official record from Sinaloa, but the species certainly occurs there {9).
There is an 1899 sight record from Maria Magdalena Island of the Tres
Marias Islands Nayarit’ (10) : :

On th.e’ Pacific side of Mexico , C.acutus ranges at least as far porth.as .
the Piaxtla River in Sinaloa, 23° 453" N.,lat. Its northern limit on the Gulf
side is uncertain, as many of the older records from Tamaulipas and north-
ern Vera Cruz may refer to C, moreletii. In southern Florida, C.acutus -
is now confined to the keys, ?I;e islands-of Florida Bay, and the mainland
from Biscayne Bay south and west around the tip-of the peninsula (11).- It is
unlikely that a permanent population of €. acutus exists on the west,. or Gulf,.
coast of Florida. There have been numerous hearsay sightings, but only two
confirmed records, both of which could have been escapces (12). '

- In Florida, the status of- C. acutus is.critical. There are only about
200-300 individuals left in the state. Of these, about 50 are believed to be
in the Everglades National Park, perhaps another 20 in the Big Pine Key
Refuge, thc rest scattered -~ many in areas threatened by real estate devel-
opment, - Wherever possible, these last are being. captured and transported
to protected areas., There are also plans for stocking the newly-established -
Biscayne National Monument, - Owing to habitat destructlon, it is unlikely
C. acutus will last out the century in unprotected areas. Even in protected
arcas its status is precarious, The species is here .at the northern limit of.
its range, and even marginal human disturbance, which would have little -
effect elsewhere, can be disastrous (13).

In'Cuba; a crocodile sanctuary has been established-in the Zapata Swamp,
and all crocodiles found in the wild are to be brought there, While pr1ms_r11y
for the protection of C, rhombifer, this decree applies to C. acutus asiwell,

I have no data'on the number of the latter species. in the- sanctuary, or on the
status of wild populatlons in other pa.cts of the island, P Pt

1 llkeW1se lack rellable data for Haltl, except that there is o 1ege1 pro—
tection, and-that the species does not seem to be hunted to: any crreat
extent (14). e SAERE

In the Dominican Republic, populations of C.acutus are found in the
swampy areas near Monte Cristi, in the northwestern part of the country,
and in Lago Enriquillo. There is legal protection, though I have nd details.
There is a certain amount of poatchn1 g but there does not seem to be
systematic hldc-hun‘emg (15) :
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The C.acutus population of ]ameic:a is estimated at 2,000 individuals; -
cOncentrat_ed principally in the Peake Bay, West Harbour, and Black River
Morass areas on the south shore of the island.  Smaller populations exist in
the brackish marshes around Great Salt pond and Port Henderson, just west
of Kingston, and in the Moneymusk area, about 50 miles southwest of Kings-
ton. The reptile is under pressure from habitat destruction and from sport
and hide hunting. It is now illegal to export crocodiles or crocodile products
without a special licence, and as of September 1970, no such licences had
been issued, However, hunting for sport has continued unabated and the
local inhabitants kill them and destroy their nests whenever possible. The
]érnaican government is concerned about the problem and seems anxious to
co-operate in a crocodile conservation program, The University of Florida
is planning a detailed study of the species’ ecology (16, 17, 18},

One of my most distinguished colleagues describes the C.acutus popu-
latlon of Mexu:o as ‘healthy', but to this I would agree only if by 'healthy'
on€ means not quite dead yet. Populations do exist and would surely recover
if left alone, for the immediate problem here is hide-hunting rather than

habitat destruction: I have often cruised for miles through optimum habitat
Wlthout seeing a single crocodile. All crocodilians are legally protected in-
Mexwo but the law is poorly enforced and seems to have little effect . The
best C ‘acutus country 1 have personally encountered in Mexico has been the
mangrove swamps on the Pacific coast near San Blas, Nayarit. Here,
during field work in 1966 and 1967, 1 averaged one sighting per day.

In British Honduras, C.acutus is rare an the mainland, especially in
populated areas, somewhat more com..10n on the off -shore islands . There
isno lesral protoctlon (19) o

a Iﬁ Guatemala, croco’dil'es have been hunted heavily for the past few years,
and are becoming rare, There are said to be three areas, one only 25 miles
(40 km) from lztapa, Escuintla, where specimens over 20 fect (6 m) long
may still be found.” This needs confirmation in the field. - There are protec-
tive laws, but only in the last year has there been any attempt at enforcement,
The price of hides has also recently dropped, and | understand many of the
crocodile hunters are showing less interest than formerly (20).

In E1 Salvador, C., acutus is becoming scarce from hunting, Fishermen
regard it as a nuisance and Kill it whenever possible. The best rer'naining
populations are probably on the northwestern shores of Lake Guija and at thc
drainage end of Lake Jocotal (2 1). :

I have o datd for Honduras.
In Nicaragua, populations of C. acutus have been greatly reduced,

primarily through hide-hunting. Over the last four years, only 915 hides of
this species have been exported from Nicaragua — an indication of its rarity,
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Since 1957, there have been protective laws setting minimum. sizes and
designating restricted zones where hunting is prohibited, but these laws have
not been effectively enforced., The best remaining populations are found .
along the Caribbean coast and, on the Pacific side, in the northwest corner
of the country adjoining the Golfo de Fonseca (22),

‘In Costa Rica, C. acutus has declined from a ubiquitous animal to one- .
seen only sporadically, mostly as a result of hide-hunting. Best remaining
populations are probably those in Guanacaste Province and in the Tempisque
River and its tributaries, Legally, all crocodilians are protected from
1 December to 31 May on the Pacific side, and from 1 August to 30 Novem-
ber on the Caribbean side. It is, of course,:very easy to collect whenever -
one wishes for export during the open season. There is also a contraband
traffic across the border into Nicaragua which has been impossible to control,

- On the positive side, a Forestry Department has just been created -
within the Ministry of Agriculture and Livestock, and has received.its first
funds to start operations. Also, funds have for the first time been speci-
fied for the enforcement of existing laws. Meanwhile, two national parks:
have been established which will have significance for crocodilian conser-
vation : 'Tortuguerc National Park, situated 80 km north of Limdn on the -
Caribbesan coast; and Santa Rosa National Historical Park. In Santa Rosa
there has been de facto protection-since Juné¢ 1970. For Tortuguero,
patrol launches- are being purchased, and several rangers have already
been appeinted. Future preserves are planned for Guanacaste and the
Osa Peninsula - (23, 24, 25). :

In Panama, as elsewhere, O, acutus has declined, though perhaps less
so tham in most other parts of its range. While it seems to be nowhere
really abundant, there are a number of areas where it is not really rare
either. It is most common in eastern Panama, where the rivers are long . -
and'sluggish, ‘and ' also exists in some numbers in the Balsas and Chagras
Rivers and in Gatun Liake. There is no large-scale hide industry in Panama;
- and hide-huntinig s here only one: cause of decline. There is also heavy
hunting for sport-and ranchers and fishermen kill -crocodiles whenever
possible, The US Military is particularly bad about killing them on sight
and as a part of their jungle survival exercises,

‘Except on Barro Colorado Island, crocodilians have no legal protection
in either Panama or the Canal Zone., However, protective legislation has
been proposed and the chances for passage seem good. -

To the Cuna Indians of Darien Province and the Territory of San Blas,
the crocodile has religious significance, and is protected for this reason
(26, 27, 28, 29, 30).




Crocodylus moreletii

e

The range of Morelet's crocodile is imperfectly known. Wherever Suitable
habitat occurs -- and wherever it has not been exterminated by man -- it ig
found along the Caribbean side of Guatemala and British Honduras;
throughout the Yucatan Peninsula, the Peten and Alta Verapaz sections of
Guatemala, the:interior basin and northeastern rain forests of Chiapas,

to southern Ta.maullpas . It also occurs on the Pacific side of Gllatemala
-and Chiapas -- a distribution sometimes treated as controversial eveg 111,7
- q_ulte recent papers . :

C. morelLtn has become rare throughout its range, primarily because

of hide-hunting. Owing to its restricted distribution, it is more vulnerable
" to such pressure than the wider-ranging acutus, In the Sibun Swamp west :

'_ of Belize,:British Honduras, where Karl Schmidt rediscovered the Species
in 1923, it.is virtually gone: with luck, a local fisherman may twice a year
glimpse the little crocodile whose existence was here first conflrmed for
science. ' -

Undisturbed populations of C.moreletii may still exist in the wild and
imperfectly explored jungles of “northeastern Chiapas,

The legal status of C. moreletii in Mexico, British Honduras, ang:
Guatemala is the stame as for C, acutus.

Tywo World Wildlife Find prOJecto, Nos 376 and’ 317, tnvolve the
) Morelet s crocodlle. a o

Crocodylus rhombifer

A few Cuban crocodiles, mostly small individuals, still exist in a completely
W11d state in the Zapata Swamp 'and in the Lanier Swamp on the Isle of
Pines. About 3,000 live in a state of semi-domestication in protected e -
closures, or 'corrales', ‘in the crocodile sanctuary at Laguna de] - Tesoro
in the Zapata Swamp, to which they have been transported from their
original ranges by government decree. Here they have complete protec-
tion. However, they sharc the sanctuary with C. acutus, and there haVe
been reports of inter-breeding. Should this result in fertile hybrids, it
might eventually be a wise Cuban crocodile that knows what, let alone
who, his father was (31). '

and |
the swamps of the Tabagco coastal plain; thence north along the Guif Coast-
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Caiman crocodilus crocodilus

On Trinidad, the Spectacled caiman is still common throughout. the lower
elevations of the island, including brackish estuaries, It is not normally
found in ‘the:north or central ranges,: though there are local exceptions:
for example, it is abundant in the Hollis Dam Reservoir .in the-north
range, It does not occur on Tobago. . The heaviest concentrations are in
the swampy areas in the east and south:  Prof. J.S. Kenny, of the .
University of the West Indies, recently counted over 20 -adults in a one-
half mile section. of canal in the Nariva Swamp. On the more populous .
western side of the island the caiman is rarer, but may still be locally . ..
abundant wherever there are ponds, ditches or reservoirs, It is still
reasonably common in mangrove swamps only a few miles out. from
Port of - Spam. : :

: There-is nominal legal protection for six months of. the year, but this is
not enforced; - However, there is relatively little hunting and no significant .
market for hides. ‘A few are killed to be stuffed as curios, or whenever a
farmer feels they are threatening his livestock (32,33). '

Caiman crocodilus. fuscus

In Central America, Caiman crocodilis fiscus ranges as far north as
Nicaragua on the Caribbean side, and to the Isthmus of Tchuantepec on
the Pacific side (34}. Throus:rhout this aréea’it seems to bé farmg much better
than Crocodylus acutus, presumably because it is less'prized as a hide
animel. In Panama, it turns up in nearly every pond or stream of any
size except those in the immediate vicinity of American settlements, The
one exception to this pattern is El Salvador, where the caiman scems less
abundant than the crocodile {35).

However, the increasing scarcity of crocodiles has caused hlde-
hunters to turn thelr attention to caimans. As an example, over the past
four years only 915 C. acutus skinis were exported from Nicaragua, while
durlng that sa:rne perlod ‘the country exported 37,984 ca.tman hldes (36)

{_The legal status or the Central Amerlt_an calman is the sa:me as that
acutus for the rcspecuve countrles. | T
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Summary
pul sy

Alligator mississippiensis and both subspecies of Caiman crocodilus seem
reasonably secure for the moment. However, they should be closely
watched, and 1 would consider it unwise to remove the alligator from the
endangered species list just yet. Because of its wide range, Crocodylus
acytus may'not be in immediate danger of disappearing as a gene, pool,
But its situation is almost everywhere precarious, and I think it should
be roted as an endangered species. Further field work may eventually
disclose larger populations of Crocodylus moreletii, than those now known,
and hopefully there will in the future be more vigorous conservation prac-
tices by the countries concerned; until then, ‘the species should definitely
be considered as endangered. The same is true of Crocodylus rhombifer,
Barring absorptlon by C.acutus it may be safe enough within its sanctuary;
but-as only 3,000 1*1d1V1duals are left its rarity alone would entitle it to
special concern,
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Paper No &

"STATUS REPORT ON THE CROCODILES OF THAILAND

Utai Yangprapakorn, Samut FPrakan, Thailand,
Jeffrey A. McNeely & Edward W. Cronin, Association for the Conservation
of Wildlife, Bangkok,

The Present Situatio_n-,in Thailand

General statement

Three species of c.ro;codilia;rj -oceur in Thailand: 1, the False gavial _
Tomistoma'schlegelii; 2., the Freshwater crocodile Crocodylus. siamensis ;
and 3. the Saltwater or Estuarine crocodile Crocodylus porosus, Although
siamensis can occasionally be seen at Beung Boraped Reservoir, it is now
quite rare. Porosus and schlegelii are restricted to the southern peninsula
of Thailand, if they exist at all, Dr Boonsong Lekagul, Secretary-General
of the‘Assoéi'ation for the Conservation of Wildlifc_a in Thailand and an active
member of the IUCN and the Survival Service Commission, has been studying
the wildlife of Thailend for decades; he estimates that there.may be less
than 100 crocodilians left in the wild in Thailand., Although Dr Boonsong's
estimate may be slightly pessimistic, it does give some idea of the serious-
ness of the situation.

Exploitation

The Thai people have historically considered the crocodile a malevolent pest;
€rocodiles are often mentioned in classic Thai folk tales, in which they
usually play the part of the villain, ' Buddhism is the national religion of
Thailand, and although its doctrine prohibits the killing of any animal, in
practice the Thai villager will shoot aily animal that comes within range of
his gun, especially if the animal will bring him economic gain. Sifiée an
untreated skin from a crocodile a few years old will sell for about US$75 on
the open market, depending on species, condition, and size of the skin, the
crocodiles have often been hunted for their skin. US$75 represents about
50% of the average annual income of a Thai villager; with potential financial
gains of this magnitude, it is unrealistic to expect villagers to voluntarily
refrain from hunting crocodiles. : ‘

- Habitat destruction is also playing an important part in the rediction of
crocodile populations. ' As' the human population continues to explode




(Thailand hes an annual growth rate of 3.3%, one of the highest in the world},
the amount of land needed to support the people also increases. And since
it ie doubtful whether crocodiles can coexist with man, in Thailand, the croco-
diles are inexorably being exterminated.

Consecrvation

The Thai Government has not shown any interest in the plight of the croco-
diles; there is no legislation whatsoever-regarding crocodiles of any species,
Nor does it appear likely that any laws regarding the crocodile will be
enacted in the foresceeable future., Further, the conservation laws which
exist in Thailand for other species have been ineffective, mostly due to lack
of enforcement. Crocodiles are probably doomed in their natural state in
Thailand, and within the next few years tho only crocodiles to be found w1ll
be in Z00S or prlva.te Collectlons '

" The situation of the‘ crocodiles , ‘except for schlegelii, is much better in
capt1v1ty At the Samut Prakan Crocod1le Farm. in Thailand, -theré has been
great’'success in ‘breeding both porosus dnd siamensis (for stallS ‘of ‘'the
breeding, see Paper No 10). The Farm was started in 1950 w1th 20 W11d— '
caught 1nd1v1duals Today we have over ll 000 individuals, most of Wthh _
were hatched - at the I‘arm Since 1963 our h'\tchmg record has been as :
follows

o

1963 600 1967 1,000

1964 200 1968 2,500
1965 200 1969 3,000

1966 500 1970 3,500

.We believe that this breeding record ¢onclusively demonstrates the
feasibility of breeding crocodiles in captivity, -given the propér conditions. . :
In Thailand at least this seems to be the only way to ensure the future.
existence of crocodlles, ‘, g : :

Research and education

At the present time, very little research is heing done in Thailand:.on.croco- -
diles. Dz Ubon Srisomboon, B.V.M., is studying the normal blood count
of the Samut Praken crocodiles, and that is the extent of research currently
being conducted. Education fares a little better.,; mostly due.to the efforts -
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of Dr Boonsong Lekagul and the Association for the Conservation of Wildlife,
They publish a monthly Conservation Letter for Thai Youth; a recent issue
dealt with the crocodiles of the world, so Thai students, at least, are aware
of the situation of the crocodile,

Future National Requirements in Thailand

General statement

As mentioned earlier, crocodiles seem to be doomed in the natural habitat in
Thailand; I see no practical way to change this situation at the present time.
However when the political situation in Southeast Asia stabilizes somewhat,
it is conceivable that the Thai Government may be convinced of the necessity
of setting up a reserve or sanctuary for crocodiles. There are several
areas in Thailand which would be suitable for this, but further research
should be done to determine the best site. If and when such a park is created,
and if it is properly patrolled, I will make breeding stocks of porosus and
siamensis available to the government for restocking. In the meantime, we
will continue to breed these crocodiles, and will renew our efforts to breed
schlegelii and any other crocodilians we are able to obtam.

Research

The field of reseaich is wide open., FProbably the first pI‘OJCCt to be under -
taken should be a survey of the status of the three speciés, though thls is apt
to be quite discouraging. Other possible research topics include the effect
of water-borne DDT on crocodile reproduction, the variation of irnternal
temperature during breeding, and movements of crocodiles ip the natural
habitat, At the Samut Prakan Crocodile Farm, we hope to dev1se and
1mp1ement a system of numbermg our breeding females, so that we W111 be_
able to correlAate age, size, number of eggs lald number of eggs '
hatched etc .

# # #

L am sorry to present such a dismal picture of the situation of Thai crocodiles
in the natural habitat, but if this is balanced with the dramatic success we
have had in breeding crocodiles in captivity, perhaps we have cause to be op-
timistic. As long as we are able to maintain and expand our breeding popu-
lation of siamensis and porosus, we still arc able to hope that perhaps some
day we will be able to return some of them to their former habitat.
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Paper No 9
700 BREEDING AND CROCODILE BANK

René E. Honegger
Zoologischer Garten, -Zirich

Although crocodiles (including alligators, caimans, true crocodiles and
gavials) are standard animals for exhibition in zoological gardens (see Ap-
pendix I), breeding success with these reptiles is a rare and remarkable
event. Reproduction is impossible when crocodiles, often with remarkabie
longevity records, are kept in large groups of various species and sizes in
more or less unbiological enclosures.

The starting pl'ace for a crocodile-breeding programme in captivity lies
in the bulldmg up of a suitable breeding group under optimal conditicns,

Sex determlnatlon in living crocodiles was rather difficult up to a few
years ago, when most methods included measurements such as head- -length -
versus tail-length that proved to be of little value, especially when no com-
parative data were available, Chabreck (1967) and Brazaitis (1969) des-
cribed a practical method for determining sex in living crocodiles of various
species. This simple method relies on manual probing for the penis in the
cloaca of the male, and is suitable for determination of sex in specimens
over 75 cm in length. Once its sex has been determined, an individual can
be marked with a metal tag fastened to the webbing between the toes: of its
hlnd leg. : o

- A healthy, sexually mature pair of crocodiles is usually not enough to”
start 4 breeding programme. - In establishing a breeding group of a certain
species, the various distinct size and age classes of a free ~living population
(for Crocedylus niloticus, see Cott 1961: 277) must be taken into’ consider-
ation, If the building of a breeding unit is tried arbitrarily without observing
this basic need, the larger specimens will disturb, injure and eventually kill
smaller specimens.

Environmental factors as outlined by Hediger (1963) for mammals, are
also of great importance for.a successful breeding programme with croco-
diles.
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Enclosures

In zoological gardens of temperate and cold zones, space for reptiles is
generally limited to the availability of heated rooms., Since the construction
of suitable terraria, including efficient heating systems, is extremely
expensive, the. available Space is usually very limited but the number of
specimens rather high, mostly as a concession to the paying visitor, As a
result, injuries in such crowded quarters are frequent., -

To deal with intra-specific aggression it is essential that sufficient
space, in the form of terraria, is available, In such terraria, individual
crocodiles can be raised until they have reached a size which permits intro-
ducing them to other specimens, : '

The keeper must, of course, take precautions when introducing new
specimens.of known sex to an already established group. The introduction is
best done on.a cool, cloudy day, preferably when food is not provided for the
crocodiles. A number of logs should be added to the pool in oxder to- separ-
ate the individuals for some time. Close control of the animals is essential .

Separate breeding enclosures, preferably not open to disturbance by -
curious visitors, would pe ideal, : :

Quality of Space,

It is customary to display crocodiles in rather simple terraria, such as a~
pool with 2 small amount of land. The visitor to the zoo wants to see the!
Speécimens at any time of the day, and he normally dislikes the presence of
logs, dens or other hiding places under which crocodiles might retreat -
(Pooley, . 1969¢), This problem; however, could be solved by labelling the -
breeding enclosure to explain why a few specimens only aré being kept, and
giving some data on the biological requirements of the species, for example |

that they need space for digging a nest.

In a terrarium with limited space; the provision of hiding places is
difficult, if not impossible. Men, both visitors and keepers, are 'always'
around, and the animals, if not tame, are more or less forced inte defensive
behaviour. : o

Temperature

Despite the fact that all species of crocodiles with the. exception of Alligator
sinensis come from the tropics and subtropics, they are often treated like
e
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reptiles native to temperate zones: in the summer, they are kept inside
or even outside with no additional heating; in the winter, they are often
maijntained with a minimum of heat, FExtreme temperature variations
favour ‘eye and respiratory infections, so that the crocodiles do not feed
regularly and sufficiently. For their optimal growth, conditions should be
similar-to those from known stations in the wild, including seasonal and
daily variations. Mcllhenny states that; "Alligators are inactive during
the winter and spend about five months, from early October to late March,
in holes or dens™ (1935: 26) and that they "take no food during hibernation™
(ibid: 57).

Though they can stay alive in air heated by tubes or cables, crocodiles
like radient heat. It-is advantageous to arrange radiant heat units in '
vivaria in such a way that reptiles can choose the temperature zones they
prefer.  Regal (1965) showed that Boa constrictors Constrictor constrictor
move to warmer areas in their cages after feeding, and that the basking
activity ceased’at once after defaccation. The value of this res sponse for
survival is clear::: "Elevated temperatures probably accelerate enzymatlc
and mechanical digestive functions". It is understood that rain, which ‘acts
as a stimulator (Pooley, 1969a), must also be balanced according to temper-
ature and season, and that an erclosure for crocodilians needs good
ventilation. o o

Light

Reptiles, ‘including crocodiles, generally observe a diurnal® rhythm of
activity. Crocodiles, although nocturnal, like bright radiant light at

least some hours per day for baskiang. It is known from the field work
of Cott (1961) that "there are two main basking periods, in the morning
between 0700 'and 0930 hours and in the afternoon between 143G and 1720
hours". and that "early morning basking evidently plays an important role
in the restoration of heat lost during the night™. It is also known that a
high light intensity, at least during certain seasons of the year, activates -
the reproductive organs. The relative activity of crocodiles which move
around when parts of their cage are brightly lit is far more attractive to
visitors than when they lie motionless, as they otherwise tend to do. '

Sufficient light is also very important for a healthy growth of tropical
plants surrounding the exhibit. These plants serve as a biological back-
ground by giving shelter and shade to the animals. Furthermore, live
plants guarantee sufficient humidity and tempelature in a breeding
enclosure.
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Food

The easiest way to feed crocodiles is to use cheap beef or horse meat, per-
haps enriched with vitamins. Such a diet may be suificient to keep individual
glants alive, but it is by no mcans the optimal food for breeding specimens.
According to the feeding habits of free-living crocodiles, the food offered to
ceptive animals should be of variety, such as insccts, crustaceans, molluscs,
fish, amphibians, birds and mammals,

Additional information shows that the food requirements of juvemiles and
adult crocodiles are different (Mcllhenny, 1935; Cott, 1961; and Pooley,
1962).. " This fact must be taken into cons1deratlop in rearing juvenile and
subadult specimens to brcedlnf“ size. :

Breeding Records

As far as I know, a few zcos only have. started effective breeding pro--
grammes for-selected species of crocodiles; a large number of institutions
simply acquire every species they can lay hands on, In most cases, these’ -
specimens are then added to the zoo's collection and given some short
publicity .- ' ' EEEPEE

An artificial environment has been provided for a pair of Chinesc
alligators A .sinensis at the Bronx Zoo {(Brazaitis, 1968), and it appears
that successlul breeding of A.mississippiensis is only a question of time at
the Manchester Zoo (Legge, 1969)., At the Zurich: Zoo a pair of
A, misgissippiensis approximately 17 years old mated on several occasions
in their artificial énvironment. On 8/9 July 1970, the female laid 34 cops
in an area of decaying plant material and scil. Some of the ezgs were -
fertile but failed to hatch. ‘ S

It must be noted that institutions for the breeding of alligators for
economic purposes so far simply do not exist, despite the fact that there are
so-called 'Alligator Farms' (Shepstone, H.J., 1921; St.G., 1913). Today
these 'Alligator Farms' are merely tourists traps, in which large numbers
of alligators are kept together (Honegger, 1969).

'The breeding of crocodiles for conservation under an artivicial énviron-
ment, e.g. in zoos and institutions situated in temperate and cold-zones,
poses.difficulties. Research on these problems is under way in the state of
Louisiana, and although Georgia has four licensed breeding farms, no data
are available concerning their production or Success (Long et al, 1969). In
addition to the financial problems, due mainly to housing and heating costs,
all species of crocodilians are relatively slow breedérs as far as we know.
The females of A, mississippiensis start breeding at about seven years of -
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age (Mcllhenny, 1935), and in Crocodylus niloticus possibly not until the
female is at least 19 years old, as Cott {1961) states: "Sexual maturity is
attained by the male at a length of about 2.9 to 3.3 m, and by the female at a
length of about 2.4 to 2.8 m, Present knowledge of the growth rate indicates
tl_iat females do not attain sexual maturity until they are at least 19 years .
old™.

The available breeding records (International Zoo Yearbook, Vols 2-10
(1960-1970)) are listed in Appendix 1. It is striking that from the records,
most breeding took place in the area of the geographical distribution of the
particular species, that is, under climatic conditions which are natural for
it. Breeding under controlled conditions in qualified institutions can contrib-
ute to our knowledge of crocodilian biclogy. Moreover, such breeding in
captivity can provide the necessary data for determining optimal conditions
under which crocodiles can be bred in their home habitats. It is important
to recognize that the conservation of crocodilians cannot be achieved simply
by breeding them in captivity in zoos and in zoolo gical institutions, FEven if
the number of animals hred filled the needs of such institutions, their =
conservation per se is not assured. This goal can be achieved only with
simultaneous _C-Eé_é“rvatio_n in their habitats and farming in the proper
climate,

ldeally, crocodiles would be bred in their home habitats . There,
climatic conditions are natural, and food can be raised on the spot. Suitable
space can usually be obtained at a more reasonable price than elsewhere,
and the cost of labour and construction is also less expensive,

In addition, the establishing of a crocodile comservation programme .
within the geographical area of a species and the employment of native _
helpers can create a better understanding about .conservation in the commu- o
nity. At a later stage the breeding farms could, -at least to some extent, be
open to the public and tourists and thus cventually bring in an income. The
establishment of crocodile stud-books might be of great interest, but it is
perhaps prematyre to suggest it.

Artificial Incubation

Various means of incubating reptile eggs have been described (Bustard,

1969; Legler, 1956). At the Zurich Zoo the modified method developed by. .
Zweifel (1961} is used, . Plastic bags arc filled with.a mixture of damp peat-
gravel (2/3) and sand (1/3}; the eggs are placed in thesc bags,. which are.
inflated slightly and. then closed with a rubber band except for a sr_nall plastic
tube for air ,-Circu_l,a.tiop:-, - The individual bags are placed in human infant
incubators where the temperature can be adjusted., We regularly maintain
them at 30° C, with a range from 29° C 1o 31° C, Regular control of the -
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eggs 1s important to prevent spoiling. By this means we were successful in
hatching several species (see Appendix III).

There are few data on artificial incubation of crocodilé eggs. Hirschfeld
(1966) gives an account of the artificial incubation of Caiman crocodilus, anpd
Pooley (1962, 1969b) achieved artificial hatching of C, niloticus eggs. In
his research with Crocodylus novaeguineae, Bustard (1969) demonstrated
that 38° C is the highest temperature for incubating crocodile eggs. How-
ever, when incubated at this temperature the hatchlings failed to emerge on
their own, and when removed by hand showed a deformed tail, Bustard
concludes that this relatively high temperature is near the upper lethal value,

Modha's (1967) observations on the nests of Crocodylus niloticus’
indicate that the temperature varies with depth, ranging from 29,5 C
{15 cm) to 35° C (35-45 cm). The incubation period for this species is

stated to be between 11 and 13 weeks (Cott, 1961; Modha, 1967); but
according to Pooley (1969), in Zululand it varies between 12 and 14 weeks .

In 1931; ‘Méﬂhenny (1934, 1935) recorded the nest temperature of
A . mississippiensis throughout incubation, and found the incubation period to
vary between 02 and 64 days under natural conditions. This information can,
be used as a guldc for a systematic breeding programinc under controlled
condltlons .

Raising Small Crocodivles

Bustard (1970) states that "400 crocodiles in their first year can be housed
In an enclosure measuring 40x f‘O fL and will consume on average 20 1b of fish
per day throughout the first year"; -.but King (in Pooley, 1969b) recom-
mends that a maximum population should be about 100 hetchlings per pond
(50x 30 ft x 20 in deep) ‘Pooley's (1969b) experience has shown that a popu-
lation of 25 animals per pool of the above dimensions is a more desirable
number . o

, Everyone farnlllar w1th rausmg baby reptiles knows how d1ff1cu1t they are
to feed. Great efforts arc necessary to provide the food which corresponds
with their very variable likes and dislikes. Pooley (1962) reports on the
diet of young crocodiles during the first months of their lives, and gives also
a series of growth records. I feel that in rzusmg natchhngs and young croco-
diles one should follow Pooley's outline.
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APPENDIX 1
Number of crocedilians kept in zoological gardens (1969)
(Lucas, 1970: 334 - 337)%
Species males females uncertain Z0O0S
Aliigator mississippicnsis 74 74 1631 152
Ailigatog sineﬁsis 12 | - 11 50 38
Caiman ¢, crocodilus 11 3 i 44_:6 .83
Cairnan c, apaporiensis : 6 3
Caiman ¢, fuscus - 1 1 - 17 12
Caiman c.yacare 3 28 16
Melanosuchus niger R S & S
Pal’ejostchu‘lé‘. palP-efrosus- : 2 | | 12': _ 10
Paleosuchus trigonatus 2 19 16
Cfbéody’lus acutus 7 2 | 4 98 50
Cfd'ca'ciylus cataph-ractus 6 2 37 .. 27
Crocodylus. intermedius 1 23 16
Crocodylus johndoni 2 3 16 10
Crocodylué moreletii 3 28 16
Crocodylus niloticus 15 19 ']220' 75
Cr"db-d:dy;lﬁé novaeguineae 3 3 21 11
Crocodylus palustris Z 2 97 15
CI.(.)COdSlfl'ué poToSsus 5 4 . 67 32
Crocodylus rhombifer 2 2. N 15
Crocodylus siamensis | 1 3 | 12 15
Osteoladraus tetraspis - - - - 10 g 122 59
Tomistoma schlegelii - < = 2 .= . .51 .0 35
Gavialis gangeticus 6 9 e 23
*  These numbers are approxi:ma%é‘onljf as .S'Ol’I‘"le‘ZOOS..fE!i.lE.:d. to return
..jthe questionnaire, . : : RS
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Species of reptiles incubated in human infant incubators, System

Drégerwerk, Liibeck, Germany, and Air-Shiled, Hatboro, Pa., USA, hf

Temperature average 30° (range 29° C - 31° C).

Species

Emys o_rb_icu_laris

Slebenrocklella crassmollls

Malacochersus tornlerl

Testudo carbonaria

Gekko gecko

Phelsuma madagas‘cari ensis

Phy51gnathus lesueurl

Anolls equestrls

Bas1hscus basﬂlscus

Varanus salvator

Python retlcul atus

Dasypelns scaber

Elaphe oxycephala

Incubation' period (days)

60

69,71, 77
116, 134, 154
113, 146, 147
53, 78 - 182
59
L
100
85
207, 209
92 - 105

6l

100
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Papexr No 16

CAPTIVE BREEDING OF CROCQDILES IN THAILAND

Utai Yangprapakorn, Samut Prakan, Thailand S :
Jeffrey A. McNeely & Edward W. Cronin, Association for the Conservation
of Wildlife, Bangkok

It is important to poini out at the onset that I am not a scientist, but a
businessman who'is involved in the captive breeding of crocodiles for com-
mexcial purposes. I started the Samut Prakan Crocodile Farm in 1950 with
an investment of US$ 500, After 21 years, I have an investment of around
US$ 1.5 million. I started with 20 wild-caught crocodiles; today the farm
has over 11,000 individuals. In 1960, 150 crocodiles weré hatched at the
Farm;  last year about 3500 were hatched, - o

Commercial’ Aspects of Raising Crocodiles -

We usually slaughter our crocodiles at about three years of -age; -beyond this
age, the law of diminishing returns begins to take effect. The. skin of a three
year old porosus is sold for US$ 75 before processing; siamensis sk__i;is are
sold for about 10% less. There is no price differential botween our captive
crocodile skins and skins from wild crocodiles., About half the skins are
selted and shipped abroad; the other half are processed in Thailand' and sold -
locally, The meat of the slaughtered crocodiles is sold for both animal and -
human consumption, S M

Last year the Farm was opened to the public, and now receives about .
3000 visitors per week, The admission charge is 15¢ for children, 30¢ for
adults, and § 1, for foreign tourists. Special care has been taken to make
the grounds attractive. Elevated walkways have been built around the breed-
ing ponds to allow visitors an unobstructed view, Besides crocodilians, we
also have several other species of interest to visitors .

The commercial success of the Farm is to a great extent due to the
favourable conditions in Thailand. The climate is, of course, tropical,
with high temperatures, high humidity and seasonally high rainfall. The cost
of labour is quite low and building materials are comparatively inexpensive;
this permits adequate staffing and a substantial physical plant at low cost.,
A major expenditure is for food; approximately 700 kg of fish are needed per
day for the breeding stock; about 1000 kg are needed daily for the immature
crocodiles. Proximity to the rich fishing areas in the Gulf of Thailand




- 99 .

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

Breeding of Crocodiles in Captivity

We have two large breeding ponds, one about a half acre (0.2 ha) in area,
the other almost one acre in arca; at present we are building a third breeding
pond. ~The ponds are surrounded by a land area somewhat larger than the
water area; this large area permits a good deal of freedom of movement to
the crocodiles. Shade is plentiful at both pools. Near the water's edge the
land area is covered with concrete to prevent teo much soil, sand and debris
from falling into the water; away from the water, there is both sand and
grass. The ponds are concrete and of irregular shape. The depth is about
1.5 m, ‘The ponds are never drained because this disturbs the crocodiles;
instead, fresh water is circulated as necessary.  About 300 m3 ofswater are
used per day. The water is not treated and algae has not been found to be a
problem.  Around the edges of the land area, there are 50 nesting stalls
each measuring about 4x4 m, with a 60x 60 cm door facing the pool; this
door is casily defended by the female, The top of the stall is open to the air
and each stall has a drainage ditch in the rear to avoid flooding of the nests
during rainy periods.

Adjoining the large breeding ponds are smaller feeding ponds, which are
approximately 8 m square and 50 cm deep. The water level of the feeding
ponds is maintained 20 c¢m lower than the water level in the breeding ponds to
minimize contamination. Fach day at 1630 hrs fish are dumped in the feeding
pond; the pond is cleaned daily after feeding. The crocodiles are given as
much food as they will eat, and any food left over is subsequently removed.
Since the crocodiles all come to the feeding ponds, it is possible to observe
any illness or injury to individuals. ' o '

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

Eggs are laid from the end of April until july, We place nesting ma-

terials of dried grass in a loose pile in the nesting stalls about two-weeks
prior to egg laying., Females usually choose a stall about one week before
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the eggs are laid; they make frequent trips into their stall, and actively
defend its area against other females. Fighting occasionally occurs between
two females attempting to nest in the same stall, The female takes from one
to seven days to prepare the nest; nest building activity is greater during the
night, The female mixes grass and sand with her hind leggs, forming a soft
depression about 20 cmn deep and 25 cm wide. . She rarely uses her front legs
in nest building, but her mouth is used to help crush grass to mix with the
sand. Large tears can be seen streaming from the corners of the female's
eycs from three to five days prior tw egg laying., The laying of eggs usually’
takes place between 0600 and 0960 hrs. The 20 to 50 eggs arelaid in the
depression in about five minutes. The female then uses her tail to sweep a
larger pile of grass over the eggs, building a nest with a total height of about
70 Ci’i’l-fI‘O}.’_ﬂ gi'dund level. Occasionally the female urinates on the nest; we
believe this may help the decomposition process.

© After egg laying, we chase the female out of her nesting stall; she is
denied subsequent entry. The temperature of the nest is tested at least four
times a day, especially just after sunrise and just before sunset. If the tem-
perature exceéds 98° F, grass is removed from the top of the nest, thus low-
ering the tempera;ture ; 1f the temperature drops below 95° F, grass is added

to the nest to raise the temperature. During an unusually dry year, water is

sometimes sprinkled over the nest to maintain sufficierit moisture,

If a shortage of stalls occurs, several nests are moved into one stall,
Porosus lays about 30-50 eggs, which hatch after 78-80 days; 40-50% of the
eggs hdatch. Siamensis lays about 20-40 eggs, which hatch after 67-68 days;
50-60% of the egos hatch. In 1970, we were able to hatch a total of =
3500 eggs. A IR oo

Care of Yoﬁng Crocodiles

When the eggs are hatched, the young crocodiles are placed in concrete
nursery tanks measuring 30x50x40 cm. These tanks have a wooden floor
and a small bathing trough; they are r,-_;ci“eened" against rodents and insects,
especially mosquitoes. About 8-15 young are placed in ecach of over 200"
nursery tanks. The young do not eat for the first week or ten days; there-
after, they are fed coarsely chopped  fish until they are large enough to be
moved to a larger tank, at which time they are fed whole fish. Aroimd
20-30% of the hatchlings die in the first year of life; some of these early
fatalities are stuffed and sold as souvenirs. The fatality rate among croco-
diles over one year of age averages less than 5% per year. '

As the young crocodiles grow, they are moved to larger and larger
concrete tanks, always being kept with age-mates and in crowded conditions.
We have 30 tanks 1.25 cm square, 38 tanks 2 m square, ‘and 80 tanks 3.6 m
square. Partitions between tanks can be removed to make larger tanks.
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Summary
Sl adrteiabalt A

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

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

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

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

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

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

6) Incubation. The incubation temperature is ca.refully checked but
' is controlled by "natural’ means.

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

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

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

U. Srisomboon, D.V.M.
Bangkok, Thailand '

Until 1970, discases of crocodiles in Thailand had not been studied; although -
the Bangkok Zoo has several species of crocodile, they have been found to be
the ‘animals most resistant to-discase in the zoo, So veterinary care is sel-
dom required. Until the private crocodile farm belonging to Mr Utai Yang-
prapakorn wes opened to the public in 1570, few crocodile carcasses were
sent for examination to the Veterinary Laboratory at the Department of Live-
stock Development. Since the opening of the Farm, I have been the consui-
ting veterinarian for Mr Utai; I have set up a small laboratory at the Farm,
and am now studymcr normal blood counts. The normal blood structure is
as follows:

White blood corpuscle 609,200 / mm?
‘Red blood corpuscle . o _497,700 / mim3

Haematocrit | 25 - 28%
Haemoglobin ~ 7.34gm/100ml

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

In crocodlles up, L\’.) the age of .1 1/ 2 years, 1nicct10ns of the allmentqry
tract '\re sometnnco obﬂerved most oi these are ‘due to food poisoning.
_The spec1es of. bacterm found 1nclude Enterobacterm, Staphylococcus spp .',
Streptococws spp. ), a_nd chtosp1ra.

w e have experlenced trcuble among crocod1lcs Wthh the Farm has
bought from - outside sou:cces ;. these animals have oIten been mlstreated and
most of them are inpoox. cond1t10n. The first symptom observed is ‘the i .
inflammation,of the eyehdu, followed by general we'\kness and d1arrhoca, o
death usually follows.in-ahout two days. Post morter cxamination shows
that the alimentary tract is involved. Bacterlologlcal examma.tlon has Shown
that a pathogenic strain of enterobacteria was involved, Since we take




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

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

Disease Cases
Leptospirosis 2
Roundworin (Ascaris) 2
Tapeworm n 1
Pneumonia . 3
Stomatitis R | 6
Food poisoning » | 1
Benign tumour _ 13
Pericarditis 2
Oedema in pericardial cavity 3

- Pleuritis - 1

Conclusion

Disease in mature crocodiles is not common, though some young croco-
diles at the age of 1-2 years may be affected by enterobacteria, . In a
few cases, leptospirosis is involved; contamination of fish i$ probably the
cause. Sanitary precautions in feeding minimize the incidence of disease,
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Paper No 11

CROCODILE REARING AND RESTOCKING

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

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

The writer is fortunate to have been working with the Natal Parks, Game
and Fish Preservation Board in Natal, where complete protecfioﬁ has long
been given to crocodiles in the game and nature rescerves, and, for some
time, even outside these areas. Interestin captive propagation arose largely
because of a noticeable reduction in the crocodile populations outside the wild
life sanctuaries; the Board encouraged this interest and permitted the author
to estgblish an experimeatal crocodile farm in northern Zululand. The
programme of protecting nesté from predators, artificially incubating eggs,
distributing hatchlings and rcleasing young reared animals has proved to be
a successful cOnslé‘r”V?a'.tion cxercise. S BRI R B

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

The purpose of this guide is to describe a simple method of rearing
crocodiles, based on practical experience of hatching and rearing 106G
crocodiles over several years. In addition, other workers and the available
literature have been consulted and most of the commercial farms operating in
Africa have been examined. Many conservation bodies may in the future
establish crocodile rearing projects and others will be responsible for issuing
permits to private enterprise. Some legislative and administrative recom-
mendations are therefcre also included.
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Conservation Recommendations

General

Legislation should be in operation throughout the country protecting the croco-
dile, It should be unlawful to iclll', capture by any means Whatsoever disturb
wilfully or pursue any crocodiles, or harvest, collect or gath\.r any €roco-

'dile eggs without a permit.

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

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

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

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

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

The area should be fenced off for better protection if there IS undue dis-
turbance by largc mammals, domestlc stock or humans,

Prior to the commencement of egg-laying it may be necessary to take
precautions to preveat fires from nearby human habitation from spreading to
the breeding grounds,

Predators, such as troops of baboons and monitor lizards, should be
artificially reduced if found to occur at breeding grounds., Predator control -
should in'ne way disturb the crocodiles and should be carried out prior to .-
egg-laying or after hatching of every nest has been completed.

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

s0il for nests,

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

The presence of numerous predators, such as monitor lizards, storks,
herons or pelicans, is also a threat to the survival of cges and hatchlings,

L)

After incubation, the hatchlings can be distributed to more suitable habitats,

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

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

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

Control of commercial farms

Before granting a permit for private enterprise to establish a farm, the +: .+
Department should investigate the applicant's land tenure and financial
resources, particularly since the farm will have to operate for some three to
four years before producing crocodiles suitable for culling. The applicant's
ability and experience of rearing crocodiles should be determined. A plan of
the proposed farm, including details of water and food supply, as.well as the
proposed methods of hau:s.restlrmr Iood should be oxamlnod e
It is suggested that permits should be issued onrthe followir‘mg,r basiss

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

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

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

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

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

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

Practical Farming

Hatchery requirements

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

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




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

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

- A ghallow pool or trough of water about 30 .cm deep must be provided
uncer the shaded area of the enclosure. This should be designed to enable
the young to rest partly submerged, and must allow €48y access an exit. .
from the pool. Once hatching commences this pool should be drained,
cleaned and refilled deily.

Harvestiag eggs

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

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

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

[ )

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

iecessary,

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

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

4 matiress of straw or dried grass 30 cm deep can be laid on the back
of a vehicle or in a boat before loading the eggs. ‘This is important if the
journey back to the hatchery is likely to be 2 bumpy onc.

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

Incubation techniques

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

Within the hatchery, artificial nests arc excavated in the sand in parallel
rows, allowing a:footpath 1.5 m.wide between rows and spacing nests 1m
apart. - A nest size of 45 cm square is adequate, even for large clutqhe_s,
and should initially be dug to a depth.also of 43.cm. The eggs are then _
buried in three layers as is usually found in the wild nest. A space between
them allows:for humidity.: The soil should be damp: enoush to squeeze;a
handful into a form. . The.depth at which the top layer should be burled below
the surface depends on the soil type. Thus, in loam or clay, they should be
15 to 20 ¢m deep and in fme sand about 30 to 43 cm.

A su1ta.b1c nest temperature range would br., in the region of 28 to 34 Coat
an average depth of 30 cm. This sheuld be checked at intervals because -
temperatures tend to rise as incubation progresses, Qnce the eggs have been
buried a series of temperature recordings should be taken at two ~hourly inter-
vals. - From these:it will be possible to establish whether sand should be
removed or added over the nest site to achieve the desired nest. temperature,

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

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

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

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

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

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

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

"not immediately put into the water,. S

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

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

Rearing ©Pens

Siting

When selecting a site for a rearing station, several factors should be con-=
sidered: the volume of water available throughout the year; the distance to
pipe water to the ponds; and pumping costs, The quality of the water should
be established. Samples should be tested for salinity and acidity and, should
the supply be from mineral springs, analysed for harmful chemicals, Chlori-
nated water must be regularly tested to ensure that the chlorine content is not
too high and the nature of any factory effluents present should be determined,
1t is of great importance to establish whether fish, frogs, crabs, molluscs

or aquatic insects survive in the water intended for use.

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

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

A reservoir or a series of supply tanks is very useful as an additional
method of filtering water and, in the event of failure of pumping equipment,
such a reserve supply may prove vital to the health and survival of the croco-
diles., '

The ponds should be sited to receive the maximum amount of sunshine,
particularly during the winter months. The type of pens required will depend:
on winter temperatures. Should these be cold, earth dams will be useful.

An ideal combination is to have earth pools for winter and cement pools for
summer use. The soil types are the next consideration. If sandy and porous,
earth dams are impractical, or require a lining of concrete to retain water,
On the other hand the water supply may be inadequate.
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A series of winter air temperature recordings would be useful in the
siting of rearing pens, since very often valley temperatures are several
degreas lower than they are 50 to 100 m farther up-hill, Preference should
then be given to the warmer aspect, taking into account the direction of local
winds and heavy rains,

Drainage of the ponds must be carefuily considered. If these are built
on a slight rise, drainage is far easier thaun if the ground is level. 1t is not
desirable to allow water fouled in the ponds to stagnaté nearby, so the drain-
age system must be efficient.

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

Design faults

Several design faults which shouid be avoided when planning a rearing station
are shown in Flg 1. Some commercial farms suffered very severe losses
and others were forced to close down because of the dlsease problems result-
ing from such faults,

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

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

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

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

Recommended .systems

Single units- (cemented pens) (Fig. 2): An imp_qxta_nt:fequiremeﬁt'i:s thé.ﬁ‘the
poels shauld be at least 60 cm in depth, otherwise the water becoﬁl_e_s‘,'itpq,hbt
in summer, . The pool floor ,shoul:d,be‘sloped ‘i;bwaj:ds,the‘ drain outilgtf_p;ipe,

to facilitate cleaning and washing away of uneaten food particles., Ideallythe
outlet pipe should be 10 cm in diameter, with a s_to'pcoclf outsice the enclosure,
SO that the pool can be cleaned and emptied both cfficiently and quickly, It is
easential to place a screen in the drain pipe to prevent crocodiles escaping or
from. being sucked out of the pool during cleaning. After some tlme, _Stagnant
ponds imay become difficult to clean because of the rich growth of alzac on |
their sides. Hard-bristle scrubbing brushes arc needed to.dislodge this
growth.  Small amounts of copper sulphate in the water will help control
algae, if used regularly., . .. - o R |

I

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

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




‘Plan view of single-unit cement rearing pond.

Stoooth cemented floor

Inclined 45 cm wide cemented ledge
Underground outlet pipe

Water supply point (tap)
Wind-screen

Pen size : @z 6m
Pool size : 7x4dm

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

It is advisable to roof over the entire pen with wire netting, or criss-
crossed strands of wire, against predators. The wire netting sides of the
pens should not be larger than 1 cm mesh, otherwise hatchlings will injure
themselves by trying to climb through this. Young crocodiles can climb
vextical wire netting with ease and will escape unless the enclosure is either
roofed or its side walls sloped inwards at an angle of 20°. A skirting board
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(planking, sheet iron, tin or plastic sheeting) placed against the wire netting
flush with the floor prevents them from climbing up the fence to a height, and

then dropping back onts the concrese helow

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

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

The main disadvantage i& that cernent is a cold surface in winter and
crocodiles will be prone to respiratory ailments. If local winter night tem-
peratures of the water or of the air are likely to fall to the 7.2°C, this type
of pond would not be suitabie . Care must be exercised while cleaning these
pools, to avoid a crocodile injuring itself by falling into the empty pool.

Cement pond (trickie systeni) (Fig. 3)r The advantage of this system is that
during hot summer weather, when crocodiles are feeding at their maximum
rate, small uneaten food particies, faeces and urine, are not trapped in the
pool. The comstant dilution of the poud’s water ensures a low bacteria Jevel .

&

¥ .

Figure 3. Trickie-system cement rearing pond.

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

Pool size : % m diameter




The pool is drained and scrubbed clean weekly, as is the entire flosr of the

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

~ The pool should be circular or cone shaped, at least 50 cm-deep at the
edges and 60 cm in the centxe. An earthenware bend of 10 cm in diameter is
gunk fush into the centre of the floox and into this fite 2 rubber plug. In this
a 5 cm disimeter hole is bored, through which a 66 cm length of polythene

pipe is ﬁttéﬂ vertically into the plug so that it can be pushed in ox pulled out
as required. A wire mesh shield is fitted over the top of this outlet pipe to
prevent the escaps of small crocediles. Water is fed constantly into this ‘

pool, circulates, and is siphoned out 4t the same rate as the inflow.

It is helpful to attach string wire handles to the rubber drain plug, 50
that it can easily be pulled out when the pool is to be cleaned.,

Single eaxth dams (Fig.4}: These are ideal for use in climates where low
winter temperatures are likely to cause respiratory illness in the young api-
wmalg. Harth pools are easy and cheap to build and are 4 'natural® babitat’
where vegetation can be planted, small live fish introduced, while insects .

R -

Figure 4.7
P e s AT

dsolated earth rearing pond or dam.

Lower fenceline, huried below level of burrows
Upper fenceline B

14 gavge wire roof-grid

Burrow
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frogs and other creatures attracted to the dams will be an important
addition to the diet and health of the crocodiles.

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

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

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

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

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

Handling

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

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

The observer will soon notice ‘that from one clutch of eggs hatched, some
individuals will be aggressive, others less so, others may be shy and some
extremely timid. ~The growth of some individuals will be rapid, others less
so, and a few may be classed as runts,. mxdly growing at all,

1t is not easy for an mexoerlenced person to determine the cause of 111- :
ness or death, should this occur, and it is time-consuming to capture and
administer drugs to sick animals even if the ailment has been correctly.diag-
nosed. Besides, drugs are not always very effective, are difficult to. admin-
ister and do not prevent sick animals from contaminating the water in a pool
Handling of the animals can often be injurious to their health and behavmur. .
Therefore, strict emphasis on the prevention of disease, rather than its '
cure, is by far the best way of ensuring a healthy crop.

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

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

Diet

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

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

In an’area where large quantities of meat arc available as a result of -
gameacrOpping, the livers and hearts of these animals are particularly
valuable. Bones can be ground up and thoroughly mixed with the meat to
provide calcium if this meat is to be the sole diet of the crocodiles. Cod
liver oil mixed thoroughly with the food is Deneficial , particularly before the
Start of cold weather. This is given three times a week, one teaspoonful ::
mixed in for each 1 1 (450 g) weight of food (see also section on common
ailments), B ' A .

Preparation of food

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

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

Food should not be prepared near the rearing pens, but should preferably
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be done in a gauze-enclosed room (to screen out insects) having a large
trestle‘table or cutting block. The floor of the room should be $moothly
plastered and well-drained so that 2ll the equipment including the feeding
trays and kuives can be scrubbed and hosed down.

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

Surplus food should never be re-frozen, since repeated thawing permits
the bacteria to multiply rap1d1 y so that eventually the crocodlles are bemg
given bacterJa laden food.

) Sﬁlall whole f" sh are tnoroucrhly wasghed to remove slime, and packed onto
shallow wire tr ays for Ireezmg Before feeding, these should be washed
again, then aliowed to thaw out.

Feeding

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

The crocodiles become accustemed to a routine and food is then consumed
while still fresh. In the hot summer months, they will devour a full meal
every 24 hours, but the feeding rate will slacken off towards the onset of the
colder months when temperatures start to fluctuate from day to day. It is
then wise to start reducing the feeding frequency and food quantities until food
is only required-every second or third day according to the local climate.
Generally, young crocodites will refuse. food when the air or water tempera-
ture falls below 60° F (15,5° C). 'Even in mid-summer sudden cold spells
may occur and at these times it is not worthwhilé feeding the animals or
trying to coax them'te eat uniil the weather returns to normal,

During hot WGF’LLGI‘ condltlo-ls it is preferable to feed late in the afternoon
ox evenmgrs the main reason being to avoid plc,cmg the food on a hot cement
surface, The food should preferably be spread out around the edge of the
pool under the shaded arsa 5o that the animals do not have to climb over one
another or comoefe unnecessarily to reach it. Because of the more severe
evening temperature dmp in winter it may be necessary to feed much earlier
in the aIternoon,__ In cemented pens the area where the food is laid out should
be cleaned and scrubbed two hours after feeding time and any uneaten food
removed from the water with a hand net; while at the earth pools, the food
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should be placed each feeding time at a different-spot. along the bank. A usc-
ful aid to hygiene is to keep a few barbel Clarias Sp. in each pool te clean up-
scraps of uneaten food (see also section on common ailments).

Population in relation to pen size

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

crocodilés to be moved to other units is minimizéd. Thus, to house 500
crocodilés in groups of 25, 20 separate pens will be required, whilst an
additional two pens should be provided to allow for intensive care of the
sick, injured and weaker animals.

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

Commen  ailments. -

Symptoms = ' Cause '  Treatment or prevéntion
Broken limbs,  * *° Faulty pen design.”  Bind broken limbs with
S Crocodile has either * waterproof adhesive
" climbBed up the side’ tape. Isolate animal,

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

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




Symptoms

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

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

Crocodiles found
dead in pen or at
bottom of pool.

No-sign of injury.

Teeth missing,
gums. and .tooth

socke_ts -so1t, Spongy, ;

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

be spotted with fungal - - e
enteritis,

patches...
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Cause

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

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

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

- Sunstroke.
_Obstructions in gut.

Dissect, chieck for
fish bones in gullet or
intestine,

Overcrowding,
fighting at feeding
times.

Gingivitis infection
may result, is spread
by swallowing and
leads to necrotic

Treatment or prevention

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

Remove animals to
another pool. Allow
used pool to bake in the
sun after being thorough-

1y scrubbed out, Change
“water more frequently

and treat pools with
copper sulphate.

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

Reduce pool population.
Grade crocodiles into .

. size groups, regularly

Ensure good. portlons
are small enough to be
swallowed readily.*"
Observe strict hygiene
in feeding -and cleanmg
of pens... Abrosol
merthiolate is a good
treatment. Keep ani-
mal out of water as
much as possible.




Symptoris

Deformities and
stunted growth;

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

Hatchlings found
dead,.

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

Belly distencled,
animal moves
sluggishly, finds -
difficulty in
walking .

Abdominal swelling
in recently hatched
crocodiles,
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Cause

Severe calciumy/
vitamin ‘deficiency,
Or very cramped
quarters.,

Possibly overcrowding,

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

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

- Sudden change of
- diet,

' Insufficient roughage

in diet. Sudden change

- in food. :

Counstipation.

Urabilical abscess, - .
Poor hygiene,

Treatment or prevention

' Add calcium or bone-

meal to diet plus multi-

‘Vitamin supplements,

Feed with live whole

fish {unscaled), frog's

and crabs. Vitamin E
is particularly ben-
cficial,

Divide a s_ectioﬁ of the
hatchery- into small
compartments to hold

- fewer animals. Provide

a framework of sacking
and straw under whick

hatchlings can crawl for
warmth in cold weather,

) Reduce_ féeding rate to

every 2nd or 3zd day.

- Ensure fresh food.

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

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

Often too advanced for -
treatment. Apply anti-

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




Symptoms

Paralysis of one

or both hind limbs.
Evyes closed or
partly closed.
Tongue puckered
and dehydrated.
Animal arches
spine or raises
head and tail
vertically: in
convulsitn, Com-
plete paralysis may
follow. ‘Diarrhoea
cvident. Faeces
contain blood.

Diarrhoea;
diarrhoea with
loss of appetite.

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

swimming,’ seizurces, -

Animal ‘star gazes',
Pupils enlarged,
Animal trembles
uncontrollably,
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ause
Either Salmonella s3.
or Bhigella flexneri
bacteria., Usually
caused by one or a
combinatior of the

~following conditions:

-Overcrowding,

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

Sudden change in diet.

Food not fresh.
Poor by

parinf foodand
feeding. - Contanmiz

nated water, “Sudden -

spell of cold weather,

Respiratory ailment.
Animal chilled by
sudden change or
lowering of tempera-

i ture, cold draughts. .

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

flamed-or congested.)

Hypoglycemic shock
{in colder weather).

Steatitis (deficiency

of vitamin E},

siene i pre- -

Treatment or prevention

This condition is highly
infectious, * Isolate sick
animals immediately to
avoid scriousigpidemic,
Clean pools 'dnd-change
water daily . Diginfect
drains. Stérflize all
feeding uténsils,, ‘Reject
contaminated' food,
Cease feeding for d week
or more. Mix antibiGtics
(Tetracycline} with food,
giving several times the
normal dose per 1b-
weight of crocodile.
{Replaces that lost or
dissolved in pool water
during feeding.)

Avoid sudden change in

“diet, Reject mushy or

tainted food,  Sterilize
knives, boards and food

trays routinely, Scrub

pools and pens thorough-

"1y . Disinfect drains.

Change water more
often. Add vitamin E to

diet.

Move animasls to earth

* pools where they ‘can’

burrow for warmths
Feed diet eanriched with

vitamins E and A and

Glucose, well mixed

| with.food, It will be ne-

cessary to supply glu-
cose and v.itainin_ T
throughout the cold .win-
ter months,.; Avoid. ...
handling animals in this
condition unneccessarily.,
Amny disturbance causes
extreme agitation,




Symptoms .

White spots omn -
skin, scales slough-
ing on tail, skin
peals between toes,
Fungus or slime
seen around the-
vent and behind
limbs where skin
may be cracked

and stained

‘brown.

Distribution of
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Cause

Fungus

(Asper.gilldsis) . |

Poor hygiene,
greasy water, fouled
earth dams, ‘

Animals using .
burrows susceptible
if an earth dam is
used for a long

period.

Hatchlings

- Treatment or prevention

Scrub pools, removing
any grease or fat.
Empty pool and allow to
bake in the sun. Move
animals to a fresh pool.
Move animals from
earth pools immediately
& drain pool for at least
a month, Wash animals
in tepid water, paint
infected areas with
merthiclate and keep

_out of water for some

days.,

Cardboard containers made for day-old chickens make excellent hatchling
transport boxes if provided with a layer of straw or grass 3.5 cm deep,
Each compartment should not contain more than six hatchlings, Any con-
tainer should allow adequate ventilation and-should have a lid. Crocodiles

are best transported in a darkened container in which they tend to remain

quiet and docile, whereéas in an open one, they will continually attempt to
climb out and will 111]1.1]’.‘6 each other by scratching and climbing over one

another,

Thus packed they can be transported by vehicle, boat or by air,
Bumping should be avoided, as-should cold draughts and exposure to direct

sunlight for prolonged periods.

Ifair temperatures become parti cularly hot

the crocodlles can periodically be sprmlxla,d with water,

Preference should be given to well-vegetated pools, swamps or
marshes of permancnt water such as the reedbeds or well- vegetated zones

of larfre lakes a_nd rlvers R

a range as pos sible,

The crocodiles should be distributed over as Wlde
individuals spaced at 1ntervals of a half kilometre,

Attcntlon shoulcl be pald to the availablé potentlal food supply in the form

of aquatlc 1nsects, fish fry, etc.

Where possﬂ)let avoid restocking

habltats Wthh already support a hlgh JtJopulatlon of ad'ult C]’.‘OCOdllE!S. o
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Paper-No 12

MANAGEMENT OF THE CROCODILE INDUSTRY
IN PAPUA AND NEW GUINEA

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

Introduction

Following the peak year of crocodile killing in 1965 - 60 there was much
agitation to introduce legislation and a management programme to maintain
the skin trade. Native people were concerned at the decrease in crocodiles
in districts where there was little other money available to the people.

A private member's _bill was passed by the House of Ass.efhbly outlining
in general terms the possible measures thought to be necessary.

In 1968 the Wildlife Ecology Section of the Agriculture Department. .
recommended the particular regulations which were ecologically sound and
appropriate to the special situation in the Territory. In brief these
included:

a) System of licences for hunters, skin buyers and exportej:‘s’thi:ough '
which limitations on the buying and selling of skins could be policed.

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

c) o Préhibitibn of: sale and expdrt of skins over 20 inches in widdh, cor- .
resmndmg to .crocodiles between & ‘and 9 feet long, There was no .
ban on the killing of cLocodlles -

In 1969, a research station was established at'Lake Murray in Western.
Papua, in the midst of a very extensive swamp system as a base for
fleld resea arch into the ecology "of crocodlles.

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



History of the Indusiry

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

During this time shooting gangs of indigencus hunters were t’réginé;i in "
skinning and preservation techniques. With the decling in the saltwater skins
there was a greater need to forage into the intensively overgrown swamps for
freshwater crocodiles, and the indigenous hunters in their canoes, working
either for traders or themselves, gradually took over the hunting operations.,
Skins were sold to traders or to co-operative skin buying societies formed

for the purpose.

“By'the late 1960s lack of skinsliad forced most of the Europeans out of
the business. A few remained as ‘traders,  but at the present time the skin
trade is esgentially native operated, In'the past year (1970) high water levels
and low world prices for skins have caused a break-down in the whole trade.
Co-opeérative skin buying societies havelittle money to buy goods, and are
failing; most private traders are already in'other businesses and the poorly
organized transport of skins causes mg—mflcant deterloratlon in the quallty and
1umber of skins reaching the coast S

B

Management of the Industry

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

Thus the system of licencés, wag:vital for co-ordinating the diverse '
clements of this scattered trade and managing it as an industry. Without
statistics the trends in the industry cannot be measured or analysed; with-
out support and ¢o- operatlon from those engaged in the mdustry and a two way
passage of information, no management’ prorrrammu, can succeed a

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

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

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

Therefore, special attention was concentrated on control of the market
at the level of skin buyer and exporter, and on the economic motive to
influence controls of over -killing. It was the economic value of the skins
which caused the drastic over-killing of the crocodiles in the larger size
range from 1956 - 1566, '

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

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

very low prices,

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

In the East and West Sepik and Madang Districts, the ban on the sale of L
skins over 20 inches was opposed and has been removed in thogg._;c_l_istricts:.,. e

In all other parts of Papua and New Guinea the full regulations- apply.

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

There_is no doubt that some large crocodiles are still being killed either’
for safety, food or illegal sale of skins, But with very fgw_' uncbntrolglg}c}‘ out -
lets for skins the reduction in the market pressure for breeding-sized ¢roco-
diles qould'_ bring the hunting pchsure back part of the way to that prevailing

prior to development of the skin trade.

Crocodile Farms

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

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

Figure 1 (see opposite)

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

There are still sufficient numbers of wild crocodiles to repopulate many .
districts natura]ly if.the harvest of mature and almost mature animals is lfept_

within ecologically determined limits.. . .

‘The area of suitable habitat is adequate. : Changes in habitat are not yet
51gn1f1cant but mining operations and. release of tilapia may yet prove to.be
seriously detrimental: to crocodiles. . : :

Supplies for the hunter, facilities for preservation and marketing are -
poorly ¢ ‘ganized and haphazard. No skin quality control nor improvement
facilities exist. Unless the industry becomes organized in these matters, it
ig likely:to fizzle out.long before the ecological résearch has provided the.
basic data on which.the conservation of crocodiles and the management of .the
industry. will depend. . For this purpose the Department of Agriculture.is - . -
bringing together representatives of the various aspects of the industry in:an. .
effort to achieve the necessary re-organization.,
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Paper No 13
MAI}\I_AGEMENT OF THE AMERICAN ALLIGATCOR

Robert H. Chabreck
Louisiana Cooperative Wildlife Research Unit,
Louisiana State University, Baton Rouge

Introdué;tion

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

It was a very important part of the fauna of the southeastern states in the
past, and efforts are now being directed toward restoring it to that pojsi't'eibn'._ :
This reptile is looked upon as a renewable resource and Has a definite place’
in the economy of the states involved. It was an important commercial o
animal in the past, and the tremendous sums spent by the states on manage-
ment and research, reflect’ their interest in returning the alligator to this’
status, ' ' ' I

- Early settlers and explorers in this region reported the occurrence of
large numbeérs of 'étlligators and the literature comntains numerous Teports on
the abundance of the reptile, " Commercial harvesting of alligator skins began
in the mid-19th century (Smith; 1893; Audubon, 1931), but sizeabie kills of
alligators did not begin until laté'in the 19th century (Mcllhenny, 1935), By
the end of the 19th centuty the number of alligators had been greatly reduced;
Stevenson (1904} estimated that the alligator population was reduced by 80%

between 1880 and 1904, In spite of the heavy kill during this period, alli-
gators were still plentiful in the more remote arcas. However, the harvest
continued at a rapid rate, and by the middle of the 20th century the American
alligator was practically non-existent over most of its original range
(Chabreck, 1967a), Concentrations of the animals were found only in arcas
where rigid protection was provided, ‘ ' R

Even though the alligator population continued to decline each year after
1950, no great concern was shown for its welfare until the 1960s. All states
within its range enacted protective legislation during this period., Even with -
closed hunting seasons, illegal humting continued, and the interstate ship---
ment of skins created new problems. Skins taken illegally could be shipped -
to states outside the alligator's range, where possession was legal because
of the absence of specific protective regulations.




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

kill of the animal.

Protection

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

parks

Closed seasons

I Splte of closed huntlng seasons in the 1nd1v1dua1 states , an illegal kill of
alligators took place; _however, closure by the states was effective in ‘
reducing it, The states are well staIfed w1th law enforcement personnel, and
areas with proPerly planned programmes were effective in apprehending law
violators, Nevertheless, the high price for all1gator skins, and an attitude
of indifference by local courts, contributed to the continuance of 111egal

hunting.,

The’ prosecutlon of alllgator law v1olators has been hanclled through local
courts, and many courts do not con51der these v101at1ons to be serious 7
offences; consequently light penalties are given to convicted VlO].atOIS How- ;
ever, in areas where strong state laws have been r101dly enforcc,d and have 7
received strong bacIcmg by local courts, 1llem1 huntmcr has heen s1gn1flcant1y

reduced .

Harvest regulations

The American-,alligator has a high reproductive potential, and pést evidence:;;
shows that this reptile responds rapidly to protection. In areas with an-effecs
tive protection programme, they were soon a common part of the local fauna,

SeveraI states in which the alligatorx population has shown sufficient re~ -
covery are likely to establish regulations permitting a controlled harvest..
With past cxperience as a guide, the harvest regulations should be designed
to protect the breeding population, . : :

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

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

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

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

Refuges

Wildlife refuges have proven to be very beneficial in'the management of the o
American alligator, Sizeable numbers could be found ‘only on federal, state
and private refuges during the early 1960s. Protection and suitable habitat ' 7
were the main factors responsible for the concentrations found in these areas,
Although habitat preservation is important, protection from poachers was the
primary factor affecting populatioqs .

Afer the states enacted Laws ageinst their killing during the eatly 1960s,

the alligators on wildlife refuges provided a nucleus from which othér popu-
lations could rebuild. Unlike most reptiles, alligators move about a great
deal and journeys of 20 miles (30 k) or more during a scason are not un-
common (Chabreck, 1965). Also, refuges have proved to be a védluable

source of alligators for restocking purpos es,
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Restocking ' %

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

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

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

than flve years .

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

cause.

Data on the recapture of tagged alligators revealed that transferring
alllgators to new locations caused the normal movement rate to increase by
three or four times (Chabreck, 1965). Of the 29 allmators recaptured, after
being transported to a new. locatlon all had moved one mile or more from the
release site after the first year. After the third year, elght had moved more
than 13 km from the release site and one hacl moved 30 km, Practlcally all
showed a strong homing instinct, travelling in the general direction of the
area from which they were originally captured.

Pen-reared alligators responded similarly to wild alligators, when
transferred to new locations and released. Alligators, reared by Louisiana
State University for experimental purposes, were released on marshland -
owned by the Louisiana Wild Life and Fisheries Commission. Of 254 pen -
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reared animals released, most dispersed to remote areas and WEre not seen
again; however, two were recaptured 22 months after release (Ted Joanen,
unpublished data), Both were females and were 1,64 m long when released.
When' recaptured, one was 1,84 m long and the other 1,85 m long. Only one
was ‘weighed prior to release, and it weighed 19.050 kg; when recaptured,
it weighed 21,320 kg, One alligator was recaptured in the same area ag
released and the other was recaptured 2 miles (3.2 km) northeast of the
original release site, ' '

- While :Jf:estocking may be a‘valuable tool in re-establishing alligators
in an area, dispersal of the reptiles from the release site should be '
anticipated.

Habitat Management

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

low water salinities.

Areas with stabilized water levels offer distinct advantages as alligator
habitat,, Coastal marsh impoundments were studied in Louisiana, and those
bermanently flooded with fresh water contained much higher alligator popu-~
lations than those permanently flooded with brackish water or fresh water
which was drained during the Spring and summer to enhance plant growth
(Chabreck, 1960), In the permancently flooded fresh water impoundments,

both déép and shallow water and an abundant supply of food were av_a:il'ab_l‘e._

- Joanen and McNease (1970) found that adult females sought out open’
water areas during the courtship and breeding period. They believed that =
such areas were an important part of the animals’ habitat. Studics in Florida
by Hines et al. (1968) revealed that watgy level fluctuatmn may be a limiting
factor because of nest destruction.” Th cited examples in the Everglades
where altered drainage patterns had ‘resulted in the summer fldoding of vast’ -
areas; nésts constructed earlier in low-1ying areas were inundated and the
eggs were destroyed, R

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

of Mexico, and sea water pushed by strong winds may be driven inland fo1 -
15 to 20 miles (24 - 32 km). S




Alligator Census

n

F r the proper management and wise utilization of any wuulfe population, a
knowledge of the population is essential. The size and composition of the
nopulation, plus the ennual production and annual mortality should serve as
a basis upon which harvest regulations ave formulated. Detailed information

should be obtained when deciding the niumber of animals to be removed from
specific areas.

Several methods such as night counts, recapture of tagged animals, call
counts, nest counts and total population computations, .have been used for
the inventory of alligator populations (Chabreck, 1966),

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

Alligator Tarms

An aili&étor farm is a fenced area containing alligators, and in which the
young hatched are a proaucL of the reproduction of the adult animals confined
within the area, There is an increasing interest in alligator farrnmo as a

busmess venture (Chabrecl\, 1967b} .

At present Lnere are a number of alligator farms in the southeastei*b
States. However, I have no knowledge of any which are operating at a proflt .
Several farmers are now producing a sizeable number of young, but the -
investment and operating costs are high and several years of production wiil
be necessary before a profit will be realized.

Louisiana and Florida have established resgarch stations where studies.
on alligator farming are being conducted, _Problefns given special attention
at present are stocking rates of breeding pens, pen sizes, pen construction,
feeding, egg incubation, rearing of young, and disea'sesro_

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




Information and Education

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

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

: Public support is essential in any wildlife management. programme, A
vigorous and well planned programme of information and education can be
‘ Very important in gaining public support. However » care must be taken not
to over-sell an-idea te the public. Although illegal hunting capnot be, .,
: tolerated in a well administered programine, the legal harvesi;_bf éﬂlgators '
on a sustained yield basis should be a part of most management plans,
Therefore, the idea of total protection should be expressed with reservation, -
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Paper No 14

NATIONAL PARXS, RETUGES, ETC.,
A5 TOOLS IN CROCODILE CONSERVATION

H.E. Bustard
Australian National University, Canberra City

U would particularly wish to draw attention to the title of this paper., National
parks and other categories of refuge are not, and can never be, any more
than "tools' in crocodile conservation. This pap ESE meant to stimulate
discussion and hence attempt to throw up some of the problems affecting
crocodiles in national parks. It concludes that the creation of national parks -
a8 am act in isolation will do little to nelp crocodile conservation. :

National parks legislation must tie in with other legislation and both must
be enforceable. We all know of excellent legislation on the books which.is no
more than 'paper’ legislation. 1 envisage national parks for crocodiles as a -
follow-up to national or state legislation designed to provide z viable future
for crocodiles outside of any proposed national parks. The contribution of
the parks 1s to set aside areas of land where the animals, in this cage croco-
diles, have first right and where humans or human development pressures
are controlled or prohibited, National parks must, of course, be patrolied
by wardens and the fines for poaching within national parks should be much -

more severe than outside,

A‘Il this brings us to the first problem -- conservation legislation, I
would like to quote a few sentences I wrote on crocodiles published in the
WWF Year Book for 1969; ’ T

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

" pirofitability of érocodile skin poaching. It is essential, both for the

. moralé bf Wardens and as a deterrent to poachers, -that fines be’
vedlistic!  Ouite clearly a fine must be greater than the operator
‘can recoupin a week-cnd's work . I'have recommended, for first
offences, that the fine should not be less then ten times the value of ..~
skins poached. Naturally the poacher must lose the skins and all
‘gear in addition to the finc, Subscquent fines should be much larger.
Many poachers will evade capture completely or for léng periods of ~: ¢
'tizrie:,_' 'Un.lés's fines are gsevare these will merely be 'adde;l to oper- ..

ating costs,”




This brings us to the role of the foma warden. Wardens have a difficult
task under the best of conditions. Crocodiie habitat often makes their work
a sense of dedi-

extremely tedious and oniy a highly naid body of men with
cation, backed up by Government and the Courts, can be ekpected to perform
t is impossible ’fo entexr intc any diseussion-r of

l"‘l

theix duties satisfactorily.
the role of the faunz warden without 2 disc noachin

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

For instance, in Western Austraha the m& imum penalty for 111egal
possession of freshwaier crocodile sking -- $ 200 per skin -- is r1ght1y very
severe. However, this would not be sufficient to deter poachers of salt-
water crocodiles. A stiff fine is em“eg}:lal ai a deterrent to poaching.

Poachers are able t0 calculaie the chance of being apprehended and are at
work for:large financial gain. Nominal fines of even a few hundred doliars

are merely added to operating costs. .

(RN AR

individuals or two man partmerships brought out of \J\Festern Australia in 1969.
These figures are bagfs on discussions with crocodile skin bu_yers who know
the individuals concerned and who were offered the sking, The two poachers,
operating in Western Australia et the.tumne of my Survey;;. were p‘robably
working on their third haul for the season {which lasts for less than six
months), The first hau! was brought out shortly after the end of the wet
sezson and was valued at between § 15,000 and $20,060. I am told that this
shwater sking, represents about the mexi-

In this connecticn it may be useful to quote the sort of skin values which

figure,. on present prices for frees
mum number which they can move out of the State by road at one time. If it
is assumed that only two hauls are taken eac‘f* year and the most generous
allowances are made.for vehicle depreciation/operation then they probably
clear between $ 20,000 ‘and $30. OO‘O 'each season. I quoted these figures to
the Government of Western Austiral beceuse I noted almost comp?ete ignor-
ance of the profitability of ope rations. among those people charged with Taw
enforcement.. In my view a magistrate in possession of this 1n_format10n would
be unlikely to consider the o offence as.petty. My recomme naatlon to the
Government of Western Australia was that there SnOUJ.d_ be Std.tthIy:.fi‘IGS for
first offenders of not less than ten i imes the value of the skins _eonfisc_ated,
Naturally sking:and all gear must be confiscated. N

~such fines may appear severe buL lien the DTOIJZ to he rnadc £ rom CTOCO-
dile shooting are enormous. ?otentzﬂl noachers welgh the 'Jotentlal g
against-the chance of being caught and the i elx fine if they are caught and
convicted. So long as a single weekend’s operation vml cover the fine, even

ki i . ’

IR
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although they may lose some sking, the odds are heavily stacked in their
favour and poaching will continue. : :

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

Until such tiine as Government and the Courts face up to their tesponsi-
bilities and back up the fauna wardens these men will be apathetic towards. « -
their work, What is’ the use of tracking down a poacher, at considerable’. :
physical risk to yourself, and going through all the rigmarole of bringidg him '
to Court, 'if'you know he can recoup the fine in a couple of nights? @ .+ .-

" The role'of tha fauna warden both inside-and outside national parksis’ _
one that requirés careful thoughts. In areas where he is backed up by a' sotind’
network of honorary wardens he can become a most effective intelligence =
officer,” However, this enfails good-liaison between faim and thé fionordry
wardens and between the Government Department corerned and thé Pro- -

fessional wardens,

Turning to national parks themselves » 1 would like to quote from the same
WWF article:

"National Parks, designed specifically for crocodiles, are needed

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

PRRT

impossible while the female was at the nest,

So far I have hardly touched on the hiolo gical comsiderations of naticnal
parks for crocodiles, I make no apology for making them appear of second-
ary importance, Cf course, they are not, but the pelitical issues are so
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complicated,- and their solution such essential prerequisites, thai I feel that'
one must give them detailed attention in the first place.

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

y Division of Western Australia for the estuarine crocodile emcgd_s, along
the Ord River and its adjacent swampland for over twenty miles. All the area
is prime habitat for C. porosus, yetis easily patrolled by wardens, one end
being just over ten miles from Wyndham, an important township where a full-
time fauna warden is stationed. The total area of the proposed park is about
120 square miles. I would reiterate that théré are many of us well qualified
to select sites for crocedile national parks. lhe real prob ems are political
and cer:tre round effective protection for an anrnal living in "difficult and
often remote terrain which has a high commercial value and is, therefore, '
subject to intensive poaching effort.




Paper No 15

CROCODILIANS AND PUBLIC RELATIONS

James H, Powell, Jr.
Flainview, Texas

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

- The significance of crocodilians might be divided into the practical and
the intangible. The latter is, I think, the greater, but let us begin with the .
practical, for - albeit for worse - we live in a materialistic world, The
question I am most often asked -about my work is "What good are croco--
dilians?", So far, I have always succeeded in holding my temper, avoiding
an assault charge, and attempting some sort of answer, - And theve are
answers. True,; one might argue that the super-leather which can be tanned.
from crocodilians’ belly-skins, and which has so nearly brought about their
downfall; isused tc make luxury status-symbels which the world really needs
like Custer needéd more Indians. Subtler » but more truly important, is the
crocodilians’ role in ecology. These reptiles feed heavily on predacesus fish
which feed ir turn on game and food fishes; ‘both sport and commercial fish-.
ing decline where crocodilians have been over-hunted, In areas of the tropics
and sub-tropics subject to a dry seascn, their diggings becomfé'importam S
water holes for wildlife and even for domestic stock, And in parts of South <
America where Caiman crocodilus yacere consumes large quantities of snails,
many of them cattle disease vectors, Nvestock epidemics have often follawed -
the caimaneres (Buchinger, 1965)., Since ecology is now recelving wide
- attention, I think much should be made of the ecological importance of croco--
dilians and the negative impact on the environment their destruction can have,

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




It is of magi.ificance and not economic : that cha “1 r 41 of Job sings. We
ot because they are useful, but also in respects in which
metimes necessary to vemind ourselves that, the

D"

need crocodilians, not
they axe not, and it is 56
useless can also be pxeci@uss

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

The 45-foot Phobosuchus of. the late Cretaceous was as large as Tyrannc-
saurus.rex,’ while the. gaviagl-like Rhamphosuchus of the Pliocene of India.
may have reached 60.feet, In nihor words, the largest carnivorous reptile
yet discovered was not a dinosaur, uor even from the Mesozoic, but a gigantic
crocodilian from the late Tertiary. The age of great reptiles need not be
over unless we make it 50, and I think a skilful presentation of the past and
present magnificence of ‘the crocodilian line would do much to show the im-
portance eof saving these final remnants of the most spectacular land fauna of .
all tlme --'the great reptue emm-_e of the Jurassic and Cretaceous, :

I—Iow.ever for .tl“-if‘ magnificence to be other than thecoretical, it will be
necessary for individual crocodiliains to be allowed to reach full size -~ which
in reptiles is a very different thing from sexual maturity. Letting a crocodile
breed before killing it may preserve the species; but this is not enough for -
those who want to see the fast Archosaurs in all their Mesozoic splendour .

A putential for-dinosaurion size becomes académic if the animal is "cropped?
at ten feet. As the lumber industry quite correctly points out to the Sierra
Club, there are more redwood trees today than ever before; as-the Sierra
Club quite correctly points out to the:lumber industry, most of these are
saplings. [f crocodilians.are to b=:cropped on a.sustained yield basis, then‘
there must -also be areas where they are not_-c*ropped -~ -gome corner of
Louisidgna where 18<foot alligators can dgain cruise the bayous, - some frag~
ment of Tanzania where 20-foot crocodiles can still give the shores.of -
Victoria Nyanza the aspect of a lost world. : : L .

So much for ends; now to means.

In De cember 196 Life magazine de\rof ed an cntzre dﬂu e issue, entitled
"The. Wild Woxld", .to the Va?ueu oE ‘Vchmrpesu and the need for-its preser-
vation, -Idon’t know what the chances would be of our gefting a major naticnal




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

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

Each member of the Group would contribute chapters on his specialifies,
In some areas, it may be desirable to seek the collaboration of colleagues
outside: the Group, As an example, although the American alligator fails
within' my geopraphical territory for the purposes of this meeting.,.’._'ﬂaere,,a:re '
many students of this species far more competent to write about it than I am.
Since no one person would need to write more than a few chapters, it sheuld, -
be possible to get the book into press ‘quickly, "before the public mterest in:
croeodilians wanes, Royalties from sales cdﬁid'fwe_ll”é'é 16 a special fund for:
crocodilian conservation projects, B '

ki
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The proposal made in this Paper was discussed with great interest, but
was eventually left in abeyance for the reasong recorded in the Summary of
the Meeting (Secticn 24 of Part 9 of the Minutes) on page 25 above,
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Paper tNo 16

BIOLOGGICAL ISOLATION OF SYMPATRIC SPECIES
Or SOU HJ\_IV?E,”. AN ’*'“OCOD I!

He erlco Medem _
Instituio "Roberto Franco', Villavicencio (Meta)

In ¢ olomma uhere exist four diffcrent spec;es of calmans arid twg . of .
crocodiles, some of which arc geographically isclated by the Eastern.
unfies which d;vlde the countr; v into two. extensive areas: the first compris-
ing the Caribbean and Pacific coastlands and the river systems NE and NW
of the Andes; and the second, the Oxinoco Plains and the Tropical Rain

Forests of the Amazon.

lhe f1 st is inhabited by the Spectacled caiman Caiman sclerops fuscus -
and C. 3. chiapasius and the American crocodile Crocodylus acutus, while
the second forms the habitat of the following crocedilians:

Orinoco crocodile Crocodylus intermedius, confined to the Orinoco Ba.sm.,

Black criman Melanosuchus niger, comnfined to the Amazon Basin.

Spectacled caiman Caiman sclerops ox crocodllus, subspecies and several
different local populations,

Smocth-fronted caiman Paleosuchus trigonatus.

Dwarf caiman Paleosuchus palpebrosus.

In com t to the crocodiles and to the Spectacled and Black caimans,
both speczes of Paleosuchus are not gregarious but are found singly or in
pairs,

In acldltlon to geographical a1 .LSO].athﬂ between the species, there exists
also an ecological one; in fact certain species show a preference for a
specific habitat or ecolo ch niche, even if they may not be completely bound

to it.

A remarkable case of apparent geographical isolation is that the Crinoco
crocodile does not enter the Amazon Basin by way of the upper Orinoco, the
channel of Casiquiare and the Rio Guainia {upper Rio Negre), but the limit of
its distribution is found on the Orinoco, upstream from the village San Fer-
nando de Ata.gapo situated in Venezuela close to the mouth of Rio Guaviare,
This fact is not due to commercial hide- 11unt1nc 1n tlw 20th cerltury for it was

ohserved by Hun:boldL in 1709 (N edem L950b}

v




Paledsuchirs triconatus’ and the Dwarf calman P, palpebrosus; even if ail -

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

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

Rivers,

Besides such ecological factors as quiet or running waters, rocky river
beds, or falls and Tapids which favour isolation, there must also be taken
nto“account the factor of competition. According to information by profes-
sional hide-hunters ‘(Medem, 1962), who worked in the Rio Atrato which
flows futerthe Caribbean Sea in the-late twenties and carly thirties, there
cxistéd at'that time well-defined ecological niches for the American croco-
dile’and the Speetacled caiman. While the crocodiles were found almost:
exclusively in'the Atrato River, its larger tributaries and big lakes, the
caimans were virtually confined to lagoons, creeks and marshes. This.
seems to have been due to the fact that the crocodiles fed on caimans; this -
the lattér were forced to rétreat to niches that were Inaccessible for larger
éréco'cliles, which gave them protection, In 1954-35; Ifound almostno - i
crocodiles left but caimans in great abundance in all rivers without a strong -
current; thus, they had re~invaded the now unoccupied niches, SRR

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

three are to he found together in inundated forests during the rainy seﬁson.

Like that of the Black caiman, the ecological niche for the Spectacled - -
caiman consists principally of quiet waters, and, therefore, it is not found
near rapids and water-falls but prefers the bends of large rivers, lakes and
sxif‘amgas'. By eontrast, the Smooth ~fronted and Dwarf caimars ara both found

S
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in another well-defined niche which consists -- in generel terms -- of swift
running waters in tropical rain forests. They are present in'samil creeks
with stony beds, in smaller rivers near rapids and water-falls, and in the
vicinity of whirlpools. In large rivers they occupy the same swift-water
rmiche, but also invade quieter waters where they commonly hide below bran-
ches overhanging the waier or bencath large accumulations of fallen trees
along the riverbank: This is particularly true of the Smooth-fronted caiman
(Miedem, 1958b): the masses of fallen trees cause the formation of whirl-
pools and sometimes small rapids and, at the same time, are well protected

and rich in fishes.

A fair illustration of the different habitats of the Spectacled and Dwarf
caimdn is provided by ghservations made in 1952 in the upper Apaporis River
(Medemi, 19532). The Laguna 'Inmand’, connected with the river and consist-
ingof three individual lagoons inter-connected by a chamnel and by a small
creek, was studied during 15 days from 1600 to 2200 hrs. The creek was
about 500 m long and had a swift current in which the water was lower in
temperature than that of the lagoons. The 'Spectacled caiman occurred in
abundance in all three lagoons but the Dwarf caiman, only in the creek itself
and in a lagoon near the mouth of the cliannel, where four to six specimens
appeared between 17 30 and 18 00 hrs each afternoon.,

This possibly indicates that water temperature akso plays a certain role
in the choice of the niche for P.palpebrosus. It was also observed later-that
the Dwarf caiman shows an extraordinary resistance to low temperature at
high altitudes (Medem, 1967). A specimen 74 cm in length was kept in
Bogota (2650 m alt.) without artificial heating at thie Institute of Naiural.
Sciences; he éscaped and was found in perfect condition after nine days in a
small pool, apparently feeding on abundant frog Hyla labialis; the tempera-
ture at night was as low as 6° C., On the other hzﬁcf a Spectacled caiman,.
1.70 m long, died after three days in the institute-where the average tem-
perature fluctuated between 15° and 20° C.  The Dwarf caiman later lived in
my apartment for more than a year in a shallow water-tank under artificial
heating (22° to 27° C), but frequently left the water and remained for several
days in a dark corner where the temperature varied between 13° and 19° C
he later lived in the tropics again for another year and, finally, died by
accident after entering a salt water tank.

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

man grows considerably larger than the Dwarf caiman (up 10 2.25 Im as com-
pared with 1,55 m), is gregarious and feeds frequently on smaller croco-
dilians~- Adult specimens do not enter smail creeks, possibly they feel in-
sufficiéntly protected in' rather shallow warers; it has Deen observed with -
caimians in their natural habitat and in captivity that, as the individual grows-
bigger,“it' prefers deeper water.” Thus, the Dwarf caiman:seems to be well-
protected in creeks against predation by Caiman sclerops.
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- Differences between the 2cologicnl niches of the two species of

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

1)

2

5)

0)

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

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

In other rivers and their smaller tributaries, however, ‘only one of the
two species was obsérved, : ‘ '

‘:Thre.-.dorsa_l side of the Smooth;frontéd caiman is covered by 'a_.jthiék

-growth of dark-green algae which may indicate that it lives in less turbu=

‘lent and, therefore, also warmer waters then the Dwarf caiman. This
is po'ssibly"'supported by observations in 1969 on the Apaporis RiVeﬁr, ‘ '
where several specimens were found living in large stagnant pools in the’

forest close to a creek,

In the Dwarf caiman & thick grofwth of algae was never obs erved omn indi- "
viduals rcollected in their natural habitat; however, it was fo'und on

specimens kept in captivity in rather stagnant waters after about four
months, even if not as abundantly as on the Smooth ~fronted caiman’,

T her'é; exists a diffei‘_eﬁce in respect of the ‘bas'king habitat: P, trigonatus

 was never observed to bask at pla.es exposed to bright sun-Tight, but

rather in the shadow close to trees or below underbrush. On'the contrary,
P.palpebrosus basks in the sun, sometimes on the shore but mainly in
shallow waters close to the'_rive'rbank. In large rivers it basks on r‘:ocks‘ .‘
Or stone slabs in shallow water, situated near rapids and water-falls,
always with its head erected and looking upstream. Omne might wonder if

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

be caused by. the effect of prolonged exposure to ultra-violet rays and, at

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

7)

8)

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

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




always mean a species does not o~cur in the region, but simply that it
has not been chserved, T

Finelly, I want to refer to the impact of commercial hide-hunting on two
populations of the Spectacled caiman. In 1952, a calman was collected from
the upper Apatorls River, which was later described as a new subspecies
Caiman sclerops apaporiensis, distinguished mainly by its narrow and
elongated snout from other long-sn.outed caimans (Medem, 1955}, In Feb-
ruary 1969, about 74 adult and semi-adult specimens of both sexes were
collected on the upper Apaporis in order to carry out studies on certain horse-
flies (Tabanidac) which frequently feed on their blood, It was found that’
many individuals did not clearly belong to the stbspecies apaporiensis but
rather to a local population irom the upper Vaupés River, situated east of the
Apaporls . Since hide- -hunting had already begun in the Vaupés in 1967, and
caimans were scaxce in 1965, it may be presumcd that the population occur-
rlng in thls rlver underwent forced migration' and were dlsplaced from
their orlo'lnal habitat. Moreover, many of them escaped by way of the Cafio
Tacunema and other smaller affluents into the Apaporls . since the heaa-
waters of the Tacunema ave situated close to Lake "El Dorado" on the upper
V'\upes . The habitat on the Apaporis was, however, already occupied by the
native populat]on . The presence of numerous 1mm1grants may have had a
certain 1Inpact on the local C.s. apaporlensm , the former trying to move
into already occupled LL.I'T'ltOl'T cs and the latter defenchng these.

As can be deduced from skull measurements of the adult specimens of
the 74-caimans mentioned ahove, it seams that apaporiensis was present in
smaller quantities than those individuals belonging to the populatlon from the
Vaupés. Hide-hunting begun in the Apaporis in 1969 and increased consider-
ably in 1970-71; according to recent information the caimans are now so shy
that thcy cannot be harpooned any more but have to be shot.

‘ 'This means that the natural habitat of the Spectacled caiman of the Apa~
poris has been cfrectlvely disturbed and that their habits have greatly changed
within a period of only two years, so that further studies on territorial
behaviour and competition between the two populations, within their undistur-
hed habltats , Wlll be diificult to carzy out. in the future,

e main conclusions can be summarized thus:’

1) In addition to geographic 1solat1on, all crocochllans are deflmtely affected
by ecolemcql 1solat1011

z} .The nrrwc:wal factors for ecolocrlcal 1solat10n seem to be the presence of
7 5sw1ft ng, ‘more quiet and evedi stagnant waters, together w1th the
' cnfrercnt te:m Jer tures which l.;revall in each of these nlches .

SaE




3)

5)

6)

-7}

10)
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Competition between different gencra, species and even subspecies and
local populations has to be taken into account . '

The American crocodile Crocodylus acutus occupies different':-,hahj_ifats
which range from fresh water streams and brackish water ZONes to true
salt water; thus, it once had an ample geographical distrrirbqtion_ along

the shores of the Atlantic and Pacific Oceans by eans of active

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

possibly due to passive migration.

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

The Black caiman Melanosuchus niger is confined to the Am;12:4_9111___15‘.:;3:__si,r;‘.;_f

The different subspecies and local populations of the Sp,eptqclelc}_;caimgn_

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

' tance of about 15 miles from the mouth of Ric Guapi; ‘actording to

information, they arrive at the south-western part of ‘that island on

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

settlers (Medem, 1962). :

In contrast to the above mentioned crocodilians ﬂié"‘éjﬁﬁi@*g“ical niches of

the Smooth-footed caiman Paleosuchus trigonatus and the Dwarf caiman
P.palpebrosus congists of ‘swift-running waters -in the tropical rain
forests. However, on the Orinoco Plains both’ species ‘ate'to be found
along xivers and creeks of -‘which the shores are covered by gallery forest,

Théydre also present in:most of the streams along the eastern slopes of

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

_belong properly to the Plains, haviﬁg been originrallﬁ'cb'\'f'éred by rain
¢ forests. . = ' gl -

b

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

The growth of algac on the back of the Smooth-fronted caiman possibly
indicates the preference for more quiet and, therefore, warmer waters,




- 158 -

11}. Such a layer of algae has, however, never been observed in the Spec~
tacled caiman which definitely prefers slow running or stagnant waters.
A particular morphological composition of the hide in the Smooth-fronted
caiman.may possibly favour the thick growth of algae.

12} Both species of Paleosuchus move rather quickly on the ground and are,
therefore, apt to walk large distances through forests or surmount
elevated ridges in order to avoid water-falls.,

13) The excessive commexrcial hide-hunting which becomes more pronounced
every year has had a strong impact on all crocodilian populations, several
of which have now become virtually extinct.
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Paper No 17

THE REPRODUCTION OF THE DWARF CAIMAN
PALEOSUCHUS PALPEBROSUS

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

- No exact data on the réeproduction of the Dwarf caiman Paleosuchus

’ . . e i
palpebrosus existed until recent times - Those given by Medem (1958, 1967)

Were not based on personal observations but ratheér on information by Indjans

or rubber collectors, people possessing great experience with caimans '
mainly for the reason that they eat them, Donoso—B.éi"ifos_'_(_1965)2"i3pibl'ishéd.i
the first illustration of a single egg of P. palpebrosus’ without giving more

data. The same author informed me later (in Jtr, 28 April 1968 that "the
egg was found in the cloaca of a female killed by a shot", I

Cafio Pachaquiarito, situated in the region of Peralonzo, a settlement about

0 l’mSE Qf'.VillaVicenciQ in direction to Puerto Lépez, :Depar't_ameﬁfd‘ Meta’
Colombia. This nest was investigated on 4 Novembeér 1967 and was fotmd to
contzin 13 eggs. One was later opened and contained an émbryo 132 mif) in "
length which was already moving but still not ready to emerge. Thes +émainl:
ing eggs hatched between 18 and 29 December 1967, at the Instituto Roberts™
Franco in Villavicencio (Meta). Since an unpublished paper has been sub-
mitted to the Universidad Mayor de San Marcos at Lima, Perd, I will not
enter into more czatails here, '

By good fortune a second nest was found on 8 August 1970 by the adminis-
trator of a farm who informed me later that it was evidently built the night
before, It was investigated on 1§ August. It was situated about 6 km W of
the settlement of Peralonzo, within a rather dense patch of gallery forest,
and constructed on an clevated site, 87 cm above water level, about'3.35 m
from the shore of a small brook, known as the Mata Azul. The nés‘tiﬁg"plétd@“
was shaded by a tree and scaitered underbrush and exposed to sunlight only -
from 1200 - 1300 hrs daily. oy

In the case of the 1967 nest, the female was not present, The vicinity of
the nest was completely clear of leaves and debris ; fresh scratches on the
ground indicated the possibility that the female had recently returned either
in order to amass more nesting material or to lay the eggs. The nest was
constructed of a mixture of rotiing and green leaves, grass and twigs, and
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earth, with green leaves and grass alsc used as a lining; the indications
were that the nest had been built or re-built recently.

The following measurements and temperatures were taken:

Measurements Temperatures
Height 490 mm Environmental 27°C
Width 1453 min In nest (at 50 mm depth) 28° C
Depth 465 mm In nest (at 220 mm depth} 31° C

CAlle aiman nests, "so far studied, have contained an 'egg-chamber’,
situated in the centre,l it consists mainly of earth or clay, mixed with rotten
leaves and debris; in older nests the earth becomes hardened almost like

"adobe ! (unburnt brlclc dried in the sun, used to construct the walls of huts)
and forms a cover which preSumably protects the eggs aga.mst des:tccatlon
at the same time keeplng the temperature more or lcss constant

In the 1970 example, the egg-chamber was situated in the centre, about
560 mm from the outer bordcr of the nest and was 100 mm deep and 158 mm
wide. The earth and leaves were still not hard, rather wet and’ stlcky. The
top layer of eggs were found at 365 mm below the SUI'fEl.CL, of the nest and the
1owest eggs 465 mm down The top layer (really the ones last, lard) had been
deposn:ed in a c1rc1e while those of the second and third’ layer weré in
1rregular ‘some of them in even almost vertlcal posmons. All eggs Were '
covered by a Suclty mncouu substancc "

The re were 13 brittle- shell ed’ oalong ecrge, stlll white in colour. Thls
indicated that they had been recently laid, §ince older ones are always R
covered by a thick black layer formed by debris and the excrement of the”
abundant ground-termites.

. JMéél_sureﬁ;eﬁts_‘ En‘nd Weight'of_"tﬁe' eg'gs' are preé ented ‘in"I"abl'e" L. 7

The' eggs toorether with some nestlng material,’ Were later carrled to the

Instltute 1 Vlllav1conc1o and placeo ina Tcrrnrrum at'a depth of 100 mm. o

The' temperature 1nS1de the artnrclal nest ﬂuctuated between 25° :and 31"’ C

the environmental température fram 23° to 28° C hcat Wns ma_tntamed at

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

relatlvc humidity of the air was 90% - 96% . The eggs were numbered and
arked 1 1 . beglnnlno Wlth mosc oJf thc too laycr. ' o
' Ego’rs' Nos. 1- 1T hatched normall_,r between 5 November at 17 34 hrs nd

7 Novcmber at 38 15 Iuo, the 1nd1v1dua1 in ecg No 12 wns Wealc, w1th stlll a
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Egg Measurements (mm ) Weights (g)
6 71.5 x 40.0 69.77
4 70.5 x 41.0 69.20
9 69.0 x 41.0 67.25

13 68.5 x 41.5 68.77
1 68.0 x 40.5 65.00
8 68.0 x 40.5 64,20
7 66.0 x 41.0 65.50

10 66.0 x 41.0 64 .82

12 66.0 x 40.5 62.50

11 65.0 x 41.0 65.00
2 64.5 x 39.5 57.80
3 63.0 x 41.0 60.25
5 | 62.0 x 41.5 61.80

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

Note: Size of eggs: max, 71.5 x 40 and 68,5 x 41,5 mm, min, 62x 41,5
' and 64.5 x 39,5 mm; weights : max. 69.77, min, 61.8 g, Weights
do not appear to correspond exactly to the size of eggs, '

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

‘The hatchlings emit a loud quacking sound inside the shell; as soon as
the ©g8g is lifted they break it by means of movements and the small, triangular
€gg~caruncle and literally jump out to hide immediately among the debris of
the artificial nest, In cases where the egg is not touched or lifted, they

- remain often for hours inside the shell with the tip of snout sticking out and

call from time to time, Several eggs were lifted and the same reaction occur~
Ted each time; the others were left untouched and most of the hatchlings had
emerged from the shells by next day, but in a few cases still remained ingide

the shells,
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The young are covered by a sticky layer of transparent mucous slime
which has more or less dried after a day, They remain hidden among the
rotting leaves of the nest, but appear from time to time, seeking the artifi-
cial light, Presumably in order to dry themselves, An individual which wag
put into shallow water imm ediately after hatching in 1967 remained weak and
died after two days. Evidently recently born P. palpebrosus must stay on the
ground until the mucous layer dries completely before entering the water,
This they do after approximately two days, =

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

Gorresponding to the numbering of the individual eggs, measurements
and weight of hatchlings are set out in Table 2, &

Discussion and - Conaclusions

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

2)  The females were not present close to the nest and were not even found %
during the following night in the nearby stream, which is alse in con«
trast to the Spectacled and the Black caimans Melanosuchus niger, both

- of which protect and defend thejr nests, ' '

3) It'must be presumed that the female has to Teturn in order to dig out the
 eggs, since it seems quite impossible that the hatchlings would be able
to break the hard cover of the egg-chamber; rainfall, which could soften
the earth, is infrequent in November—December,' "The calting from in-
side the shell before hatching and the reaction of jumping out as soop as
- the egg is touched or lifted possibly indicate that the mother aids actively
in hatching, o




4)

5)

6)

7)

8) .

2)
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The hatchlings do not ‘all emerge on the same. day; thus the female
possibly has to return to the nest several times, stimulated by calls.
A similar case is described by Alvarez del Toro (1969) in his excellent
paper on Caiman crocodilus ("crocodylus' in the text), On that

occasion the male excavated the eggs whilst the female walted in-the
: water, callmg for the hatc,nlmgs : :

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

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

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

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

even on the back of their mothér who leads and defends them; on two
occasions from four to six juveniles, of about 60 cm in length and
therefore at least a year old,; have been observed durlng the day in
compa.ny with the female. '

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

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

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

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

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

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

In spite of the fact that exact data on the reproduction of palpebrosus are
now available for the first time, there still remain many unsolved
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pProblems, Thig ig also true for al] the other Caimans. For instance,
nothing at all is yet known about the reproduction of the Smooth -fronted
caiman Paleosuchus trigonatus; eight specimens kept under nearly
natural conditions in the Institute since 1962 have for some unknown
rcason failed to breed, '

10) It has become more and mere difficult to study the breeding habitg of
caimans in their hatural habitat, Not only have they become Scarce due
to excessive hide kunting, but they have also retired Progressively to
less accessible areas., Morcover, their habits have changed: once
rather tame and €asy tc approach, they are now extremely shy and
evasive,

Acknowledgem ents

Sincere gratitude, énabled him to carry-out. field studies between 1968 ang
1970 on the horse-flies (Tabanidae: Diptera), which attack caimans, ang
led‘indirectly to the discoveries discussed in thig Paper ,:

R-e.ferences,

Alvarez de] Toro, Miguel, 1969, Breeding the Spectacled calman, Caimgp

crocodylus, at Tuxtls Gutiérrez Zoo, Int, Z00 Yb. Voi, 9,
Zool., Soc, Lond, | S . ‘

Donoso-Barros, Roberto. 1966, Contribucidn al conocimiento de log Coco-

drilos de Venezuela, Conclusidn, Physis, VoI, 26, No 72,

Medem, Federico., 1933, Contribuciones 2 la taxpnomfa y distribucidn del

+ Yacaré negro, Paleosuchus palpebrosus {Cuvier), en Colombia,

Rev, Colomb, Antropol, Vol. I, No 1. Bogots,

1958, The Crocodiliag, genus Paleosuchus., Fieldiana (’Zool:)r,
Vol. 39, No 21, - : —

1967. El género "Paleosuchus" ep Amazonia, Atas Simpdsio
+ Biota Amazdnica, Vol. 3 (Limnclogiay, = - '




-~ 166 -

Paper No 18 °

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

Huuh B Cott ,
Selwyn College Cambridge

Maternal Care during the Incubation Period

‘"Care at the nest

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

takes any share in these duties.

During ‘the whole ‘three-month incubation: period; the female remains in
attendance, at or near the nest, though her behaviour differs in accordance
with the sclectéd site, When the nest is beneath a tree, surrounded by
bush or otherwise shaded, the parent generally lies d1rectly on the hest,
with the throat ox thorax above the egg-chamber. Nests in more open situ-
ations are watched from nearby sites affording shade to the guardian croco-
dile. In Zululand, Pooley (1969a) found nests that were guarded-from as
many as three additional sites, where shade ranged from lwht cover to
dense tunnels of vegetation from which only thé afimal’s snout protruded.

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

and lying near the nest",
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In some species the female COnStricts a special shelter from which she
can keep watch over the nest, Writing of the Marsh crocodile C. palustrig
in Ceylon, Waytialingham (1880) states that the females will sometimes £0
for a quarter to half a mile to find a suitable sandy site for the nest, "They
make, first, a large hole for thems elves to live in during the day in order to
watch their eggs, and then make a small hole near and sometimes- at the very
mouth of the previous one, and lay eggs in layers ., " He further states
that the females will nct allow anybody to go near the nests, that they make a
fearful roaring . and attempt to attack anyone who approaches; and that they
keep a strict watch and seldom or never quit the nesting place during the day,

Referring to the Estuarine crocodile C . porosus Loveridge (1946) .
Teports that the mother digs two wallows “wider than, but not so-long as, her
body, close to the nest, These wallows soon fill with water, -and in one or
the other the crocodile remains during the period of incubation, - The female
of the American alligator A, mississippiensig similarly constructs a nest-

side wallow or den.from which the nest can be puarded during the incubatiop
period (Clarke, 1883; Reese, 1907)., : :

Predatory énemies. of the "eEIS.

Egg-eating predators take a heavy toli of unguarded clutches, both by day and
night. - On the Victoria Nile below Murchison Falls important diurna]l Pred-
ators include the Olive baboon Papio anubis, Marabou stork Leptoptilos
crumeniferus and Nile monitor Varanus niloticus; with Black kites Milvus .
migrans and Palmnut vultures Gypohierax angolensis as camp-followers,
At night the work.is taken over by the Heney badger Mellivora capensis,
White-tailed mongoose Ichneumia albicauda and Spotted hyaena Crocuta
crocuta; and less commonly by serval Falig serval (Cott, 1969), Mam-
malian enemies in other parts of Africa include the Egyptian mongoose
Herpestes. ichneumon in Egypt (Anderson, 1898);: and Water mongoose. -
Atilax paludinosus in South Africa (StevensomHa_milton, 1954). In Lake
Rudolf. (Modha, 1967) Grey heron Ardea cinerea, Goliath heron A, goliath
and Sacred ibis Threskiornis aethiopicus. are known to prey on thg_éggs,

Other crocodilian Species have different, though often related, nest
enemies. Thus, in Colombia, €ggs of the Orinocg crocodile C, intermedius
are-caten by the CGreat tegu Tupinambis teguixin and by. the South American
Black vulture Coragyps atratus (Medem, 1958h), In North Australia, eggs
of C.porosus’ are rooted out ‘and eaten by Wild pigs (Barrert, 1939, just as
those of G, niloticus are destroyed in West Africa by warthog Phacochoerug
acthiopicus and-Bush-pig Potamochoerys porcus (Lavauden, 1934). " Again,
in Ceylon, the kaberagoya Varanug salvator fills the niche, occupied by
V.niloticus in Africa, as an enemy of C.porosus (Deraniyagala, 1939),




- 168 -

Active defence of -the clu:ch

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

I have on several occasions seen nesting crocodiles make sorties against
predators., In 1961, while observing a rookery near the Namsika confluent
below Murchlson Falls at close range from a grass hide, I withessed a deter-
mined attack: a crocodile that had been lying about 15 yards from, and facmg
the hide suddenly rose up and ran straight in my direction. When 1t reached
the front of the hide ~- and as I was preparing to leave -- there was a rustla of
dead leaves and I caught a glimpse of a Nile monitor in rapid retreat. Croco-
diles that have been frightened from their nests by launches passing the
grounds have on a number of occasions been seen to return to the rookery to
chase away a foraging monitor or baboon. The presence of monitors in
crocodiles’ stomachs, as recorded elsewhere (Cott, 1961), indicates that
these egg thieves are sometimes taken unawares.,

Opportunities for observing crocodiles in the pristine state are diminish-
ing, and Modha's (1967) prolonged studies at Central Island, Lake Rudolf,
on what is one of the largest remaining undisturbed populations of the Nile
crocodile, are therefore of special interest.  He found that guardian females
never tolerated the presence on the rookeries of predatory birds such as Grey'
and Goliath heron, Little and Great White egret, Sacred ibis and Fan-tailed
raven. Crocodiles were seen chasing tliese birds away from the nests. On
the other hand, innocuous species which regularly frequent the grounds, such
as Egyptlan goose, Spuerg plover and Watex dlldcop, were 1gnored

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

took the main defensive role,

Comatose state in brooding females

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

Where cover is dense on a crocodile’s breeding ground, and especially .
where the site is at a distance from the water, the reptiles are very loath to
move from their nests. In such places, as incubation proceeds, females are
frequently found in a comatose state, unwilling to shift even under the
greatest provocation., Pitman (1941) reported from Lake Victoria that shots
have been fired close to such crocodiles without evoking the slightest response,
In 1957, I examined a rockery in a sand-river below Murchison Falls where
SOmE nests were nearly a quarter of a mile from the water. Females in . o
their trance-like state lay motionless, like felled logs: one refused to move
even when large stones were thirown on her back; others hissed their remon-
strance and shifted a few feet into thicker cover. Similar behaviour has been
witnessed by Pooley (1969a) in Zululand. He writes: "One female at '

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

- It seems almost certain that such crocodiles remain on the rookery until
hatching time, without once visiting the water, The physiological condition
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of these animals, especially in regard to dehydration, is doubtless compar- -
able to that of torpid crocodiles which, under diiferent circumstances, are
known to survive long periods of drought, aestivating in caves and holes dug
in dry pans or river-beds, IMany observers have recorded such behaviour,
as, for example, from Lake Rukwa {Swynnerton and Nicholson, in Cott,
1961); Abyssinia (Emin Pasha, 1890); Somaliland {Eliot, 1905); West Nile
Province of Uganda (Kittenberger, 1929); .and Mali (Lhote, 1948): the
latter states that crocodiles inhabiting a temporary lake near Ménaka spend

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

up.

Parental Care at Hatching Time

Calling: of: the young

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

Maternal reaction to: vocalization

The sounds uttered by the unhdtched young stimulate the guardian parent to’
visit the nest and open it, thus. enabling the hatchlings to escape from the
shells. Experiments to test the female's response to & tape, recording of the
cries ofiunhatched crocodiles were carried out on different rookeries below
Murchison Falls in 1968 and 1969, At one site the recorder was concealed in
amobservation hide. The female that had been floating off shore when the
recorded was switched on, soon submerged and promptly surfaced at the bank
and climnbed up towards the hide without hesitation. On another occasion
when the recorder was hidden in grass on a sand-bar close to several nests,
three crocodiles swam towards the sound. One of them hauled out and came
to rest just short of the playing recorder, Modha (1967) had previously




- 171 -

obtained ger erally similar results on Lake Rudolf, There is, then, no doubt
that the croaking of the unhatched brood does alert, and attract, the nesting

mother to her brood,

Exhumation of the eggs

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

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

At hatching time the young are absolutely dependent upon maternal assis’t—
ance. The eggs are covered by many inches of earth: in some soils, such as
loamy clay which packs hard, a man would have to use a 1 panga (machete) to
chip the ‘covering away & and there is no question of the hatchlings- escaping-
unaided. Unless the'parent is at hand to expose the eggs, the young perlsh in
the shell. In the course of surveys carried out below Murchison Falls in
1965 and 196%, when some 350 nests were under observation, I have no
record of hatching except from nests that had first been excavated, Modha
(1967) made similar observations on Lake Rudolf: he reports that from not .
one of 150 nests had any hatchlings managed to escape without maternal help.
In cases where the ferale fails to revisit her cro 'Lklng young, the.sub-
terranean chorus may continue for four or five days. When the release is
overdue, the surviving hatchlings burst the shell and emerge almost
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explosively immediately the eggs are unearthed, though a moment before the
shells were not even chipped.

Release of the hatchlings

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

~ experimentally by Voeltzkow (in Gadow, 1901}, who had a nest surrounded
with a fence, When the mother had returned several times and partly _
destroyed the fence, this was replaced by a stronger one. The mother then
dug a deep ditch beneath the fence in her efforts to reach the nest. In Zulu- |
land, Popley (1969a) isolated a nest with a structure of stout poles 13 c¢m in
diameter, . supporting an §-gauge wire fence, the latter firmly bound with
sacking, and the nest roofed over with the same material. At hatching time
the parent was found to have smashed her way through the barrier and to have
opened the nest. Pooley (1969b) also reports that screens of heavy wire
mesh, laid over nests to protect clutches from predators, were easily dis-
placed by the parent at hatching time, some of the screens being found 3 m
from the nest in a twisted heap of wire and pegs. Jones (in Cansdale, 1955)
records that in the Bonthe District of Sierra Leone a nest was first discovered
in a rest house only when the adult came one night to dig it oug, ‘

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

This I witnessed twice" .

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

the young to creep out".

Post Natal Maternal .'C".are

Early reactions of hatchlings

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

Transit from nest to nursery

This behaviour raises the questions: how do the €mergent young react to th_ef
presence of the female in a wild state: and what part does the female play at

this phase of the breeding cycle? Transit from nest to nursery has never
been witmessed. Whether the young are conducted, or carried from the one |
to the'other, is not yet certainly known . B

I ei:‘c"::tor:s favourable for the nursery site ure shallow, confined or still
watér, with for cover plentiful marginal or floating vegetation such as Pistia
stratioidés, Cyperus articulatus or Leersia hexandra, The site may be in
the lee of a fallen tree, in a creck leading from the main body of water, or
Inland in a shallow mere. Such nurseries can often only be reached by travel
of several hundred yards across country, and in a direction away from the
waterside rookery. T

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

hatchlings.

With other species, the parent-offspring relationship appears to be
similar. In his account of a primeval nesting ground of A. mississippiensis
on St ]ohn River in northern Florida, Bartram (1792) freq_uentl;r saw the
female leac.mg about the shore her train of young ones", One alligator =
which’ passed close to the side of his boat had young followmg after her: "“they
kept close to gether in a column, without stragglmg off to the one side or the
other" ' Mltchell (m Kellog, 1929) states that the mother on Watch ca_lls the
hatchlmgs to her den, Wthh th.en becomes their home.

' There are other records which suggest that the female may sometimes
carry her brood to their new quarters. Chadwick (1931), who witnessed a
hatching, states that as each young one crawled from the shell "it swarmed
upon the mother and clung to her™, In Nigeria, Lamborn (1913) was
informed by natives that the young crocodiles, immediately after hatching,
attach themselves to the dorsal fringe of the tail of the mother and are thus
conveyed by her to the water, Mr J.L. Sim (pers. comm., 13 March 1958)
was given similar information in Tanzania: "when the young emerge, they
mount the back of the mother, and as soon as it is dark, she transports them
through shallow water to a patch.of reeds™. In Lake Rudolf, Modha (1967)
was told by natives that the young are carrled to the water on the snout, neck
and back of the female. A launch coxwam with long experlence of the ' ‘
Victoria Nile at Paraa dssuted me that in 1967, he personally saw a crocod11e'
on land transporting hatchlings on its back. Similar behaviour has been
recorded of the American crocodile C. acutus (Ulloa, in Brehm, 1885).

Once established in the nursery site, " the young -- over a period of severa.l
weeks - constantly clamber on to their parent's head and back as she lies
half submerged .this I have Wltnessed and photographed at close rauge o1 =
meany occasions in Uganda

Predato_r_y enemies of the _young

Unguarded hatchlmgs, like the eggs, are very vulnerahle and are preyed
upon by many enemies. In the Victoria Nile these are known to include N11e
monitor, Great White egret Casmerodius albus, marabou, Saddle-bill stork
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Ephippiorhynchus senegalensis, Fish :agle Cuncuma vocifer, Black kite,
Ground hormbill Bucorvus leadbeateri and African civet Viverra civetta
{(Cott, 1968). Records of other species that prey upon hatchlings are: in
Egypt (formerly) Egyptian mongoose Herpestes ichneumon and Soft-shelled -
turtle Trionyx triunguis (Andersomn, 1898); -on Lake Rudolf, pelican, Sacred
ibis, Pied crow Corvus albus and the catfish Clarias lagera (Modha, 1967
and pers. comm.); and in Zululand, Goliath and Grey heron, Little egret
Egretta garzetta, Spotted eagle owl Bubo efricanus and Rusty-spotted genet
Genetta tigrina- (Pooley, 196%a). ’

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

Maternal defence .of the young

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

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

- Recent observations have shown that the young remain gregariously with
the mother for several weeks, learning to feed and fend for themselves while
under close maternal supervision. Thus, on 8 April 1969, afemale with
her brood was found cccupying a waterhole in a narrow ditch opposite Paraa,
‘The hatching date of the clutch was not known. Subsequently this nursery was
under observation, at first daily, and later at intervals of a few days. The
mother crocodile continued to guard her hatchlings until 28 June -- the last
date she was seen in the nursery. Her duties had extended over at least 81
days -- a period about equal to the incubation period. In other words, it
appears that for about six months in the year the breeding female is continu-
ously engaged in pre-natal and post-natal care,

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

(Cott, 1968, 1969),
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Paper No 19

THE SENSES OF CROCODILIANS

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

Introduction

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

- On the behavioural side, it seems likely that the nesting habits and .
faculty for maternal care of eggs and newly hatched young are more complex
in crocodilians than in other reptiles (Cott, 1961, and in'these Proceedings).
Reliable field accounts indicate that crocodiles show considerable cunning
in stalking and capturing their prey; for example, Cott writes that “adult
crocodiles often lurk off-shore noar game trails and watering places. . On
sighting an animal that has come down to drink, the reptile quietly’ sub-
merges, and cruises under water to the precise spot from which it can,make
its fatal upward rush™., When ambushing prey a crocodile may use its tail to
give a disabling blow, or to throw the victim into the water . “Ihave heard it
suggested that crocodiles may co -operate in driving fish into the shallows
where they are easier to catch, but am uncertain how much trith there is’
in the idea. - ' ) S

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

poOTOsus in an isclated lake in eastern Papua, On the first night when the lake

was visited it was possible to approach 11 individuals on the surface and to
capture five by hand. On the second night a further ten animals were
approached but it was only possible to catch one; on a further patrol an hour
later eight specimens were seen but only one permitted close approaich and
none at all Wer;e caught. The captured crocodiles were kept until 't'he'éii;d of
the investigations., - ' | o
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Despite the fact that many species of crocodilians can be kept fairly
easily in captivity and are suitable for certain types of experimental study
{Coulson & Hernandez, 1964}, no laboratory investigations of their learning
ability {as, for example, to learn their way through a maze) or powers of
memory appear to have been undertaken. There has been a similar lack of

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

group,

The Nose and Sense of Smell

The nasal pasSages of crocodilians show various specializations which will be
briefly described, although they seem to be primarily associated with the
peculiar type of amphibious predatory mode of life which these animals pur-
sue, rather than directly with the sense of smell, The nostril openings, like
the eyes, face upwards and are 51tuated on an elevation at the front of the, :
snout (see Fig, 1A). Each nostril has the shape of a crescentic slit, =
concave posterlorly, and is opcned and closed by a pair of muscles Wthh '
seem unique to crocodiliens . Openlng of the nostril is effected by the con-
traction of a muscle with lonmtudlnal fibres attached to the posterior wall of
the bony external nasal openlng.,, The nostril is clo sod mainly by a circular
muscle whose fibres surround Lhe longitudinal muscle like a sleeve. When
thls contracts it squeezes the longitudinal muscle like a piston against'the .
back of the nostril, closmg the aperture. These muscles are of unstrlped
character and are innervated by the sympathetic nervous system (Bellairs &
Shute, 1953). Cavernous tis sue, consisting of blood vessels which can be
dilated and press agamst the walls of the nasal vestibule, provides an ancil-
lary method of narial closure, This type of mechanism is found also in
certain aquatic chelonians and in desert lizards, both of which lack the more
spec1allzed crocodilian narial muscles. In terrestrial forms it helps to keep
sand out of the nose, ' .

7 ‘ Each external nostril of the crocodlle leads downwards 1nto a short tube
or Vcstlbule which opens in turn 1nto the main nasal. chamber or cavum
proprium nasi. This chamber is more compllcated than the correbpondlng
part of the nose in other reptlles . Medially, of course, it is bounded by-the
nasal septum, which separates it from its fellow of the opposrco side. O the
lateral wall there are no less. than three projections ox conchae which bulge _
out into the basal cavity; they are composed of cartllage covercd by mucous
membrane. From front to back these projections are called the preconcha, ‘
concha and postconcna (see Fig. 1B). In other existing reptlles only a
single conchal projection is usually present, Membrane-lined recesses or
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paranasal sinuses open into the nasal cavity on either side, while the naso-
lachrymal duct enters the nose beneath the posterior part of the preconcha

(Parsons, 1970).

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

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

epithelium of non-sensory, 'respiratory' type.

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

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

Eyes and Vision

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

lapplnrr by some 25°

_ Although crocodlles are oftén active in the daytime and bask at certain,
t1rnes of the day, many features of the11 eyes suggest adaptatlon to nocturnal
hablts (Walls ' 1942 ' Underwood 1970). For example, the scleral ossmles
present in rnost reptlles (other than snakes) and in birds are absent, though .
they - were present in certain extinct CI‘OCOdlllaIlS . These little plates of bone .
apparently play an important part in the typical sauropsid method of accom-
modation., They help to maintain the inward convexity of the comeo-scleral
junction and hence facilitate the exertion of pressure on the lens by the ciliary
body,’ thls results in increasing the lens curvature in a manner approprlate
for close vision . It is generally believed that crocodilians have only poor =~
powers of accornmodatlon 50 that lmages of objects close to them are neces—
sarlly crude. Noreover their eyes appear to be correctly focussed for
chstance vision in air, and it is very unlikely that they can accommodate suf- '
: f1c1ently well to see with any precision under water, with its different re-
fractive 1-1dex (Walls, 1942; Tansley, 1965).

The retma is duplex, contalmng both rods and cones (see Fig. 2), The
rods Wthh are concerned with vision in dim light, are more numerousj as
in Inany other vertebrates the purple v1sual pigment rhoclopsm is found in the
rods when the retina has adapted to dark. There is a small reglon of spec1a_l :
sen81t1v1ty {area centralis) where the power of optical resolutlon is probably -

greater than elsewhere.

Another 1nterest1no— feature of the retina is the presencc of a well devel—
oped tapeturn layer wh1ch is situated outside the neuro- -Sensory layers of the
retina but internal to the choroid, and contains reflecting crystals of guapine,
Tapeta of various types are found in many other nocturnal animals and have
the function of reflcctlng light back on to the visual cells (rods and cones) and
S0 increasing their sen81t1v1ty. The presence of the taDeturn is respon51ble _
for the phenomenon of 'eye-shine’ » a8 When the eyes of a cat are illuminated
at night by the headllghts of acar. A crocodile's eyes reﬂect l1ght ina_
similar way and the reddish eyc- shlne elicited often’ betrays the presence of
the animal to the torch of the nocturnal hunter,

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

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

-gation,

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

Far and Hearing

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

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

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

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

'imn, imn, imn®; if there were any crocodiles: within 400 yards they would
come to the water’s edge "as though drawn by a magnet ...If we moved, and
our noises then came from a different place ... (the crocodiles) would follow
them”. The Adamsons learnt the trick from African fishermen on Lake
Baringo. In the laboratory, Beach (1944) studied the reactions of captive
male-alligators to-sound and elicited roaring, hissing eid ageressive dlsplay
by blowing 2 French horn to them at a frequency of 57 Hz. - Other noises such
as thunder, blasting or gunfire which perhaps resemble the roars made by
rlvals, may also provoke .vocal responsg from an alligator.,. :

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

act1v1t1 es.

Other Senses

Taste buds are present in the mucous membrane eovcrmb thc ptery,crmd
reglon of the palate (Wettsten, 1931-54). S : .

'The. scales of the upper and lower jaws are furmshed with conspicuous
pigmented clevations, These have a rich nerve- -supply,. and are organs of
touch (Laidlaw & Murray, 1933); organs of this type are not uncommon in the
integument of reptiles, but scem particularly well developed in. the/Crocot: 7
dilia. Perhaps they have some special significance here - for instance the
detection of disturbances under water made by fish. .

An interestiag idea, mentioned. during the course of this meecting, is that
crocodilians might possess some system of underwater echolocation compar-
able with that of cetaceans. ~Could the .complexities of the middle ear play. -
any'part? I do not know of any évidence for anything of this kind, and Dr R.H,
Chabreck has told me that a blind alligator which he kept bumped repeatedly




- 188 -

into obstacles in its tank until it learnt its way around,

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

not become extinet.

i
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Figure 1

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

P

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

CM, circular muscle {(closes nostril), CO, concha, IN, internal nostril,
LA, region of larynx, = LM, longitudinal muscle (opens nostril). N, (exter-
nal) nostril, NT, nasopharyngeal tube, OE, oesophagus. PC, preconcha,
PO, postconcha. R, recess of nasal cavity (others also present). T, tongue.
TR, trachea. 'V, valvular flaps: (upper and lower) suarding airway when

mouth is open under water.-

Figure 2

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

Figure 3

A Diagram of external ear structures of a crocodilian, The superior ear-
flap has been turnéd up to show the tympanic membrane, and its muscles
have been dissected out; the action of the lévator muscle is not cbvious
from the figure.  Arrows show movements of inferior ear-flap. (After
Shute & Bellairs.)

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

Wettstein.)

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

cavity which leafs into quadrate and ultimately into lower jaw. IEF, inferiox
ear-flap, LM, levator muscle of supericr ear-flap. LT, lateral Eustachian
tube. MT, median tube, O, anterior, slit-like opcning of cuter ear.

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




Figure 3.




