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ABSTFACT

An Overview ol Stress in Farmed Crocodilians

Valentine A. Lance

Disease, poor growing performance, and reproductive tailure in
farmed crocodilians can generally be altributed to stress.
ldentifying the cause ol stress is otten difl icult. Acute stress,
such as transportation, results in an increase in catecholamines, an
increase in blood glucose, an increase in corticosterone and a
decrease in reproductive hormones. l{ the stress is relatively briel
there are no long term effects. Chronic stress, on the other hand,
can lead to dealh. Examples of chronic stress can include poor
housing design, overcrowding, inappropriate temperature, and
inappropriate nutrition. Whatever the cause of the stress, the result
is chronically elevaled plasma conicosterone levels, decreased
growth, a decrease in the number ol circulating white blood cells
and an increased susceptibility to disease. Data on circulating
hormones and white blood cells in juvenile alligators under various
artificial stresses suggest a direct relationship between increased
corticosterone secretion and a decrease in circulating lymphocytes.
Vitamin E has b€en shown to protect against the pathological
elfects of stress in cattle, Decreased vilamin E in response lo poor
diet has been seen in alligators, but more research in lhis area is
neeoeo.



STRESS IN CROCODILIANS . TIIE IMPACT OF NUTRITION

G.A. Smith add J. Marais
Crocodilian Study Group of Southern Africa
Departmetrt of Animal and Wildlife ScieDces

University of Pretoria, Pretoria 0002
South Africa

What is stress actually? Everyone feels stressed at some time or imagines rhat they do but
what are the symptoms which indicate a stressful situation?

In humans, which includes crocodile farmers, these symptoms are relatively easy ro self_
dngnose:

Increased blood pressure.

Irritable behaviour-

Headaches.

Frustration.

Lack of patienct.

All these point ro the fact that the pressures of life and the environment may evenlually
become too much to handle.

*Eaquiries should be addrcssed ro: The Coordinarors. CrocodiliaD Sdrdy Croup of Southem Aftica,
P.O. Box 480. Irene 1675
Fax l1 +27-ll-31814t1 2



In intensive crocodile farming enrerprises the objective is to produce high qualiry skins of a

specific size within the shortest possible period. but at the lowest cost. The crocodile, in

intensive production systems, is continually subjected !o environmental changes as well as

to husbandry practicas such as grading and transport which may evoke panic reaction as fie

reprile tries to escap€. All these factors can impose considerable stress on the homeosladc

mechanisms. This situation creates sfiess in the crocodiles which will result in poor

performance. Grenard (1991) states that morralities ofup to 90% may be encounte.ed among

crocodiles in the first year. The art of good management will be ro reduce stress while

maintaining a profitable operation. A knowledge of stress levels, factors causing stress and

procedures to reduce stress. and the detrimenral effect thereoff is thus of prime imporrance.

The major qugstion confronting the manager is how to assess behavioural or emotional stress

in these animals. It will also provide the scientist with scientific evidence ro improve

production and the well-being of rhe animals in production systems. The following model

which was developed by Moberg (1985) is a valuable tool in depicting sress. its rcspons€

and consequences ro rhe animal (Fig l).

Freeman ( 1987) states that the zoological, let alone the biological, concept of sfiess conrinues

to elude sarisfactory definition. The common elemen! in proposed definitions is that stress
conBins a negative element and that it should be avoided. It is furrher suggested by Selye
(1951) that'stressors' describe the stimuli and that "stress" is to describe the responses.

Stressors

A wide range of stimuli have been described as suessors which can be qrcuDed under the
following headings:

- Climatological.
- Environmental.
- Physiological.
- Physical.
- Social.
- Psychological.
- Nutritional.



I

Figure I Model for the response of animals ro a stressful event. (Moberg, 19g7).

In intensive crocodile farming various situations arise which may confiibute to stress and
which can be classified under these groupings. An unde.standing of the .elevance of rhe
various sirualions is thus essential as it may assisl the producer to manage in a way or ro
adapr certain pracrices in order !o reduce rhe impac! of the specific sressor.

In this presenrarion the contribution of the various slressors will be discussed with emphasis
ro be placed on the role of nutrifion as a stressor or a mitigator of stress.

c€r{ra{ fiEn\ous gYsra.



Climatological

Optimal growth of crocodiles is obtainei in environmentally controlled houses where the

temperature is kept at 3l-35'C. The reason being that these reptiles maintain oprimal

digestion, absorption and protein synthesis and consequently growth at these remperatures.

Coulson e! al. (1990) reported that neither domesric nor wild alligators ate volunrarily ar

lemperatures below 25"C and their appetites were diminished below 29'C. Coulson e! 41.
(1986) indicated that 3l"C must be close to the optimum temperature for digestion. The

temperature is important as it affecrs rhe rate of blood-flow through the intestine and rhe resr

of the body. It is thus responsible for controlling the rate of digestion, absorption and

assimilation and in maintaining a really perfect balance among the three processes. The

accelerated rates ofdigestion, absorption and assimilation at 3l "C are in accordance with lhe

increase in metabolic rate when the iemperature was Eised above 28'C (Coulson 9! al.,
1964). Whether a further increase in iemperature would be beneficial is questionable as rhere

is a narrow gap between the temperature at which mefaboiic rate is maximal and that which

is injurious to the alligator.

Rapid lemperature changes in growth houses caused by either adding warm or cold water

after cleaning or nansferring the crocodiles to houses with different temperatures are a

common hazard on vaious farms. Optimal peaformance will not be achieved in these

situaiions as the wide temperature fluctuations could be as sfiessful to crocodiles as was

proven for fish (Wagner, 1987). Though oprimal growrh will not be supported by these
praclices, the degree of srress may be lower than anticipated as the crocodiles may become
accustomed to the fluctuations and thus not perceive h as stress. This phenomena has been
proven in fish (Wagner, 1987) and in poulrry Davies 91 4!. (1991). Condirioning shows

promise in stress reduction as it changes the crocodile's perception of a staessful siruauon.

In silualions where temperatures exceed

It was demonstrated in i! yilrc studies

acids i.e. methionine inro the intestinal

(Dibner eI4l., 1992t Gig 2).

3l'C by several degrees, 'heat srress" may result.

with chicken epithelium that total uptake of amino

epithelium was significanrly reduced by heat stress
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Iigure 2 Energy- and sodium-independent (ESI) uptake of DL-['.C-methyl]-methionine
('C-DLM, 15 mMo by everred intestine slices from thermoneulral (TN. )
and heaFstressed (HS, ) broilers. (Dibner c! al.. 1992).

The detrimental effect of heat stress can however be reduced by the rnclusion of rhe Vit A.

D, E and B groups (Ferket e! al., 1992).

Cold stress is however more ofa problem wirh crocodilians and occurs f.om 25"C or below.

The studies of hng (1987) on A. mississiopiensis living in thermally ahered habitals are

instructive. When heated water was available throughout the winter months, animals moved

between areas of warm (> 25'C) and cool ( < l5"C) water bur frequently moved out of warm

inlo cool water. They did however tend to spend more time in the warm water.

Sudden changes in &mperature does however influence the cell funcrion. Welch 0993)
indicarcd that immediately afler a sudden increase in temperature all cells, from fie simplesl

baclerium to the most highly diffeaentiated neuron, increased prcduction of a certain class



of molecule that buffers them from harrn. This phenomenon was originally called heat shock

respons€ but the same response is observed in cells subjected to environmental assaulB

including toxic metals and metabolic poisons (Fig 3).

SOME CONDMONS TIIAT
IIYDUCE TIIE E)PRESSION

OF STRESS PROTEINS

Eovironmental stressors
Heat shock
Transition heavy metals
Inhibitors of energy metabolism
Amino acid analogues
Chemotherapeutic agents

States of disease
Viral infection
Fever
Inflarnmation
Ischemia
HlTertrophy
Oxidant injury
Malignancy

Norrnal cellular infl uences
Cycle of cell division
Growth factors
Development and d ifferentiation

Figure 3 Some conditions that induce the expression of slress proteins.
(Welch. 1993),

It occurs in raumatized cells growing in cuhure in tissues of feverish children and in rhe

organs of hearFattack viclims and cancer patients .eceiving chemothempy. These molecules

are refefted to as staess proteins. These proteins participate in essential metabolic processes

including rhe parhwa-ys by which all orher cellular proteins are symhesized and assembled.

Some stress proteins appear to orchesrale the activities ofmolecules that regulate cell growth

and differenliation and may thus influence growth efficiency.



Several laborarories ser our !o purify and characrerize the biochemical properties of slress
proteins. The most highly jnducible heat shock protein (hsp) Z0 accumulared inside a nuctear
staucture. is fie nucleolus. The nucleolus manufacrures ribosomes. the organelles that
syntheslze prorerns. The locarion ofhsp 70 was intriguing: previous work had demonslrated
thar of heal shock cells stopped making ribosomes. Indeed their nucleolus became awash rn
denalured ribosornal particles. The hsp 70 might somehow recognise denarured inlrace ular
proreins and res(ore drem ro their correctly folded biologically aclive shape (Fig 4)

COMPL€ !  NGWTA STFESS PAOTE NS

proteins help cellular proleins
(Welch, 1993).

fold themselves rapidly

o
eO
^0

I

Figure 4

r\*A .-'RYs3 eFry
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Protein folding. Stress
and with high f idel iry.

The hsp 70 family ofrelaled proteins

adenosine triphosphale (ATp). Willr

share cerEin properties.

the exception of one, all

including an avid affiniry for

of these relaled proleins were



present in cells growing under normal conditions, yet in cells experiencing merabolic srress

they were synthesized at much higher levels. More-over. all of them mediared the

matuation of othe. cellular proteins much as immunoglobulin binding protein (Bi P) did.

Bi P bound to newly synthesized proreins as they were being folded or assembled into their

mature form. If the proteins failed !o fold o. assemble properly they remained bound ro Bi

P and were even$ally degraded.

In healthy or unstressed cells the interaction of the heat shock prorein 70 family membe. wifi

immature proteins is transient and ATP-dependent. Under condilions of metaboltc sress.

where newly synthesized proteins experienced problems maturing normally, rhe proteins

remained slightly bound to a heat shock protein 70 escon (Welch, 1993). Srress prokins

seem lo help ensure that c€llular proteins fold themselves rapidly and wirh high fideliry.

These proteins also play a role in allergy and inflamarion (Pollae!al., 1993). Inthe folding

process the amino acids mu5t be supplied in the appropriate amounr and ratio. This is a

situation which requires correct nuFition at all dmes. This can only be associated with

prope.ly balanced diets.

Cognisance must however be taken of the fact that incubation temperature had a definite

influence on the subsequent thermal behaviour and selecled temperature ofyoung crocodiles.

Hatchlings from eggs incubated at higher temperatures consistently selected higher

tempemlures in comparison with those from eggs incubated at lower temperatures (L,ang.

1987). Allowing crocodilians to thermoiegulate by providing a suirable yea variable thermal

environment is probably the best raising straiegy with the least stress. An aspect which ries

in very closely with variable thermal environment is the seasonal variations in the rmmune

system as was demonstrared by Zapata e! al. (1992) to occur in lower verrebrares (Fig 5).
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Figure 5 Seaional changes affecting the structure and function of the ectotherm immune

system are modulated throughour endogenous neuaoendocrine fiythms
involving corlicosleroids and sex sreroids. (Zap^ta q {., lg92\.

EDvir:onmeutal

Another strategy which has been explored in the removal of awareness of a stressor is by
using darkness. It is interesting to note tha! darkness was beneficial in reiucing stress in fish
being subjeated to a stressor bu! not in resting fish.

Physlcal

Incrqsed stockilg den$ities in cornmercial crocodile farms lead to sEessed animals, reduced
rcp.oouctrve success and halchling livability. Elsey 9t al. (1990) indicared rhat the

10



reproductive failure in crowded alligalor pens may be due ro high levels of Dlasma
corticosterone and poor ovulation and nesting rates. Though growth rates were higher in
captive alligators than in wild alligarors (Coulson e!41., t9?3), eggs produced by farm-raised
alligarors have lower fertility and lower halching aates and initially smaller clurch sizes rhan

eggs produced by wild alligators and a(ificially incubaled under identical conditions. This
will reduce profirability and may lead !o the demise of rhe farmer. Unaccepbbly high
moralitjes, for insrance. led ro rhe abandonmen! of a farm in New Cuinea (Bolton & tnufa.
1982). Elsey et aL. (1990) reponed rhata lower corricosrerone level inrhebloodofaflrgarors

ln lower socked pens reflect€d in a greater teploductive success in these pens. It thus seems
ftat ftere is a connection betwe€n population density and nesting in rhat excessive agnosoc
behaviour could resrricl maring opponunilies. Campbell e! 4. (1992) found tha! sress
resuled in a dramatic increjs€ in the plasma colisol concentration of lrout, both hens and
cocks (Fig 6). This .esulted in a reduced egg weight and volume and reduced sperm counrs
(F te 7).

Female Male

STRI,SS CONTROL

Figure 6 Plarma cortisol concentrations in Ginbow rour_ (Campbell e'! aL., 1992).

11



Female Male

Figure 7 Effect of repeated acute sEess on egg wetghr and egg volume of female
fainbow rrour. (Campbell e! aL.. I9q).

similar results with respec! to prasma conicoslerone levels were found with the trzard
(Cnemidophorus sexlinearus) by Grassman 9! al. (1992). physical stress does have a
metabolic cosr as subsanliared by Barton 9t al (19g7) who indicated that minor physlcal
disturbances eliciled a more rhan two-fold incrsse in meabolic rale in juvenile sleethead
rout.. Even the mjnor physical disru.bances reduced the energy available. Stressed flsh
would thus have less energy for activities such as s€_water adaptltion, disease resisance or
swimming stamina oxygen consumption is a direct method of evaruating lhe effects of
stress (Fig 8).

I iGC WEIGIIT SPERM COUN'I '

t2
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Figure 8 Linear regression of individual oxygen consumption rales on corresponding
plasma cortisol concentrarions ofjuvenile steelhead. (Barron q! at., 198?).

Barton g! al. ( 1987) stated that phys ical disturbances of grearer severi!y or duration occurr ing

during normal fish rearing operalions would impose a greater energelic burden than the mild

effeat of the trial tre{mcnts. Rcsearch should be conducled to detcrmine lhc affect of srress

severity on metabolic reactions in crocodilians as well as the time required for recovery ln

order to determine the degree of stress the reptiles can experience before their health or

survival is compromised.

The most obvious stressors are those that do cause fright. discomfort or pain. Paaclices such

as grading, sexing,- weighing, tagging, injecring and physical handling, typically cause

corticosterone concentrations rc skyrocket. Wagner (1987) indicated that depending on rhe

tirDe of disturbance recovery usually occu6 within 13-24 hours. Recovery from 30 second



handling stress occurred wirhin 6 hours in juvenile Chinook salmon (Banon C! al., 1987) in

crocodilians this p€riod may be even longer.

Winkler (1987) indicated that stressful conditions in fish during travel which led to increased

mortality and to overall lack of fitness, could be reduc€d by relatively siftple adapBlions to

the transpon chambers. A similar situation may be possible in crocodile farming enrerprises

where the size of the growih pen and the density within the pens may determine the stress

Ievel. Mcclone e! al. (1993) dernonsrrared that shipped pigs lost 5.1% of their body weight

compared to resident pigs which gained 0.02% in body weight. Body weight change during

shipping and plasma conisol levels in blood were negatively conelared indicating rhar pigs

that had greater adrenal response to shipping also lost more weight. It was further found that

socially intermediare and submissive pigs were p.obably more likely to succumb to viral

infections after shipping than are socially dominant pigs because their immune systems are

suppressed. All rhe above indicate that physical stress, be it fianspon, immobilization,

crowding or handling, may be exnemely detrimental lo the well-being of the animats.

Social

Grading and the subsequent regrouping of the animals within houses or pens destroys the
socjal sftucture. A new hierarchy of dominant and submissive individuals is formed in

which subdominanr individuals are chronically stressed and became more susceptible to
diseases than the dominant crocodiles.

Psychological

Elsey 9l al. (1990) reponed findings which indicated rhat even the presence of an obseNer

in the room caused fear-induced bradycardia in Caiman crocodilus, rhus indicaring that the
reptiles may be sfiessed though they are not physically handled.



Physlologlcrl strcss

The conc€pt of physiological stress was firsl developed by Selye (1936, 1973) who galhered

his observations inlo lhe ceneral Adap(ation Syndrome. These findings indicared lymphatic
involution. gaslrointestinal ulceralioo and adrenal enlargemenr. The fighr or flighr reactron
is characlerized by huge releases of adrenal medullary hormones and catecholamines trom
lhe sympalhetic nervous syslem. These compounds cause aapid release ofglucose, primarily

by glycogenolysis, from body reserves. Thjs produces available energy !o elude a sr€ssor.
The reptile then. enters the stage of resistance which is characlerized by release ol
adrenocortical hormones. This causes fte formation ofglucose from reseryes such as pro@tn
by fte process of glyconeogenesis. The impo(anr aspect of this stage of resistance $ rhat
il will continue unlil recovery from the slressor occurs or the reptile enters the stage of
farigue and dies. The endocrine aspecrs of physiological stress isshowninFigg.

Strcssor

J
Central Nervous System

I
Ht pothalajnus

I
Pituitary

I
Adredal
Cortex

L_

t.
I

Ess€ntial J

'[**-***",

Adrenal
Medulla

fuoctions

Schematic of endocrine aspects
(Brake, 1988).

Reserves

of physiological stless.

ftInclioDs

Figore 9
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Non-essenlial funcrions includes immune function, growth and reproduction. Essential

functions include blood flow and respiration. Stressoas cause the conversion of nutrienB and

reserves from economical importanl lraits to functions necessary for survival. When rhe

ad.enal cortex becomes depleied the survival function can no longer be suppofted (Fig lO).

Ifthe adrenal cortex is depleted before the stressor is rcmoved, then death will occu. (Brake.

r988).

Adrenal Cortex

Depletiou

Release of
corticosterone

ID.suflicient release of
corticosterone

I

D€athReserves Survival

Figure 10 Importance of continued production of corlicosterone during physiological stress.
(Brake. 1988).

The severity of the sffessor is determined by the previous experience of the reptile. A
stressor is measured against the current "sea-point". When the environmental conditions
change the mechanisms musr change ro maintain homeostasis. physiological srress allows
the adaptions to occur. The concept applies to tyf,ical sfessors such as crowding,
temperature, transport, growth, reproduction, disease and toxicities. Growft and
reproducdon both call on the body rc constantly change and are by definition stressors.

10



The crocodile produced in interuive production sys(ems is simultaneously exposed o a
numb€r of stressors simultaneously. These include growlh, disease, environmen!.

reproduction, management and nutrilion. The successful producer manages these skessors

by

- knowing the status of the animals
- anticipatingstressors
- modifying the environment
- modifying nulririon

The effect of &ese stressoG on the crocodile may however be modified by nutrition.
Atlention will consequently be focused on the nutritjonal aspects which may exaggerare or
mitiga[e the influence of slress (Fig I l).

Figura ll Sources of sress in dogs. (Van Deventer. 1994).

The animal and thus the crocodile can only d€l with stress if energy and the necessary
nlEienls such as amino acids, vitamins and minerals are supplied in amounE and in a way
and form which by itself does not place stress on the animal.

NUTRITIONAL
MOOTFtCATTONS
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EDergy

Th€ biochemical changes which occur

Fig 12.

in the ar mal when subject€d to stress are depicted in

I

I
Mobilizetion

!

I

I

I
I

I
t

Mobili"rtion of
rcadlly rrallable

F.tigue Death

Figure 12 Ceneral Adapration Syndrome. (Fensrer, l9B9).

As is evident from Fig 12 one of the main factors in an arimal'r ability to cop€ with sfiess
is i6 ability ro mainain energy reserves. In trout (Onchor,vchus Sykiso it 1ryas found that
when starved, the fish maintained a high glycogen level in the tissue, especially in the liver.
Similar observations have been made in other cold-blooded species, such as goldfish
(Stimpson, 1965) and frogs (Hanke & Neuman, l9?2). By contlast, liver glycogen rn a
walm-blooded omnivore is exhausted wirhin 24-48 hours.

Nakano & Tomlinson (1967) reponed tha! in rainbow trout handling stress produced
hyperglycemia, a decline in muscle glycogen and an increase in the amounr of aclive

18



glycogen phosphorylase in skeleral muscle but they did not measu.e the heparic
phosphorylase. Morata eI al. (1982) nied to eslirnate rhe relationship belween heparic
glycogen degradation and glycogen phosphorylase actively in Einbow rrou! under condilions
of sress, especially during the early srages of distu.bance in order to elucidate rhe
significance of glycogen srorage in rhe liver of poikilothermic animals.

The srudy by Morata e! 4. (1982) indicared rhar degradarion of gtycogen rales place during
the first stages of an ernergency and seems to be directly .elated to the increase of gtycogen
phosphorylase activity. Although rhe activity of the enzyme remains high, glycogen not only
stops being degraded after 30 minutes of stress, but even starts being resynthesized. The
glyconeogenic substrate would be the lacrarc produced in the white muscle which rs ar
considerably higher concentrations afte. the first onser of stress (Fig 13 a & b).

(4, Str€ss on liver atld musde glycogen phosphorylase in rainbow trout
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(b)

Clycogen

Phosphorylase activiry wirh 5'-AMP
Phosphorylase activily in absence 5'-AMp

ngure13 .&b
irlffiili:: i*t:scre 

srvcosen pho€phorvrase in rainbow rout'

Dlring long-te.m slress, energy mus! be supplied in lhe diet as proved by Thomas q ar.
(1986) withjuvenile Coho salmon. These workers indicated that srarved groups bf presmolt

Coho salmon had significantly lower plasma coftisol concentrations than did groups receiving
a 3% ration. particularly after 2 weeks of exposure. plasma conisol concentlations were a!
least 30% lower in the starved groups than in groups receiving a 3% rarion (Fig l4).
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Iigur€ 14 Mean plasma corlisol and glucose concentrations of starved and fed coho
salmon. (Thomas C! al., 1986).

The same situation did howevea not occur in rainbow trou!. Fluctualing temperatures for a

19 day period did not cause significant differences in liver weighr or liver glycogen in either

the sarved or fed groups of presmolts (Fig 15). Over the long-term. energy reserves will

become depleted in sErved fish and plasrna concenrations of glucose must inevitably

decaease. h is thus-evident that during the saress reaction the body uses its reserves ot

carbohydrate in the foam of liver and muscle glycogen to mee! immediate glucose needs of

the brain and ofier tissues.
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Figure 15 Mean l iver weighc and
cono salnon presmolts.

mean percenl glycogen in livers of starved and fed
Crhomas e! 4., l9E6).

Carbobydrates as energy source

In srudies with cod (eacEs morhua) Hemre er g!. (1991) indicaled rhat where rhe response
of cod ro sress was quantified. ir was found thar when the cod was fed a dlet wirh
ca*ohydrale' the prasrha glucose lever was about a lhird higher lhan in fish ted a
carbohydrale-free diet. In fte group fed carbohydrare the brood-grucose lever rose ro more
than double the reslin€ value and remained high during the recovery phase. This indicared

2,



a stress-related change in carbohydrate metabolism depending on the composition of th€ diet
supplied. The difference in stess response betwe€n the carbohydrate and carbohydrate_free

dieary g.oups showed that the physiological reactions werc affected by the diet prior ro
stress, thus giving reason to believe tllat a change in diet in advance of handling and ftansport
could reduce some of the shess-related losses (Hemre 9l al., l99l).

Both Slaton (1988) and tabuschagne (1993) have demonstraled tha! crocodiles can utilize
carbohydrates efficiently. The best growth was achieved with a carbohydrate level Dresented
as cooked sErch of 22-24% (Fie t6).

GA IN

1050

% CORN

Figure f6 Gain as a function of dietary fa! and corn weela I _ 15. (Sraon, lggg).



It may thus be of value to supply diets !o crocodiles with a minimum amount of
carbohydnt€s in order to eruure a continuous supply of glucose. An example of such a diet
is giv€n in Table l.

T.blG I Crocodile hat blilg rrd go\r,er die6

(.) Het.blirg

Raw natlrirl

1 Yellow Maize (cooked)
2 Fish neal 60%
4 Crrcrss m€al
9 Prernix

32.97
59.68
6.86
0.50

Nurierx bvel h feed

ME PoulEy
Crude Fotein
Lysine
Melhiodnc

Tryplophrn
ThteoriD€
Vdine
Ar8itri!€
Fat
Crude Fibrc
CalciuE
Total PhoEhorus
Avl Phosphorus
Sodnlm

13.19 MJ/kg
42.0
3.O%
l . l
t .11t
4.49$
1 . 8 %
2 . 1 %
2.6
a . l %
1.5
2 . 1
r .6%
1.696
6.0

(b) Gmwa

I Carcass n€al
2 Fish neal
3 PrEnir

5 Beef Iaw
7 Surflowcr oil
9 LysiDe HCL
10 DL Merhiodne

39.92
16.E0
0.50

20.00
20.45
0.48
1.40
0.45

Nutri€Dt Irvcl in f€ed

ME Poul6y
Crude proDcir
Lysirc
MethioDine

TryFophrr
Threonirc

Aiginin€
Fat
Crudc Fibrc
Calcium
Total Phosphorus
Avl Phosphorus
Sodiunr

14.70 Mllkg
38.0%
3.0%
LO
1 . 2
2.196
t . 3 %
t . 6 %
2.2%
r0.0%
t . l , %
3 . 1 %
2.0%
2.O%
2.O9$
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Lipids as ercrgr source

Stalon (1988) and tibuschagne (1993) demonstrated that the crocodilian however had a

limited ability to utilize faa. Growth was negatively influenced when the diet conrained

more than 10% fat in the diet- When fed higher fat levels the crocodile was thus under

nutritional stress. An aspect which has not been thoroughly researched is the influence of

fatty acid composition on lipid utilization. In studies at the University of Preroria, we found

that optimal growth was supported by a diet containing linoleic:linolenic acid ratio of 3.1: L

Roosendaal (1992) demonsEated that the degree of fatty acid saturation may significamly

affect the utilization of the lipids by chickens during early growth. The reason being rhar

lipase secretion was only initiated du.ing the development of the chick's intestine. This

should also be considered when formulating diets for hatchling crocodilians as a similar

situation may exist in crocodilians. Garne$ (1985) indicated that immature e. Dolosls

require C20:5 arrd C22:6 at essential fatty acids thus giving support to the hypothesis rhar

hatchlings would require highly unsaturated fatty acids for optimal utilization. Apar! from

ils nuritional impacr the level of lipids in the diet may influence the animal's resisrance ro

stressors such as dis€ases. In man lipids are panicularly important in paoviding rissue

concentrations of poly-unsaturated fats including linoleic acid which cannot be synthesized

in the body and which is required by lymphocyres for oprimal funcrion. lt is clear ftom

whole-animal body studies that obeshy and consumption of diers high in fat, parricularly

unsatumted fat, depress immunocompetence and eniance the aisk for serious infectious

diseases (Maki q! al., 1992).

A minimal level of lipids in the diet is thus essenrial but high Ievels should be avoided as ir

also decreases access ofproteolytic enzymes to protein, thus resuhing in observed reduclion

in protein digestibility (Garnetr, 1988) and is thercfore a stressor in the nurritional Drocess.

Protein and protein:energy ratio

When the carbohydrare .esewes of rhe body have been deplered !o meet immediare glucose

needs of the brain and other tissues, proteins will be ulilized. Prolein from the diet as we

as from muscle and other organs is used rc produce glucose through gluconeogenesjs.
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Providing gluclse will not srop the breakdown of tissue protein if the st ess is severe. Cood
protein status prior !o the stress condition offers protection from excessive muscle and oagan
catabolism. Provision ofa recovery diet containing protein of high biologicalvalue at highe.
than requirement levels, bur not at levels which will burden the kidneys, cirn retard losses
of tissue protein. A high rado of paotein to energy is necessary to prevent excessive amounE
of rissue protein from being used for energy and m prevent

diminution in immunecompetence

hypoalbuminaern ia

decreased wound healing

decrqsed synthesis of enzymes and plasma proteins

infection

pressure sores associaEd with poor protein status

It is however not only the supply of pro0ein which is crucial bur also the correct energy level
which musr be maintained. protein-ene.gy malnu(ition should be avoided as it leads ro a
severe negative impacl on immune-competence (Chandra, 1992).

In humans moderate stress requires 1.0 - 1.5 g of proiein per kg body weight while severe
stress requires 1.5 - 2.0 g of protein per kg ofbody weight. During severe stress the body
may be unable to convert essential amino acids to non-€ssential amino acids so that a dietary
complement of alL amino acids is essential. Blood levels of the branched chain amino acids
(BCAA) leucine, isoleucine and valine, are low duling saess. Feeds conraining high levels
of BCAA'S could theoretically p.ovide a readily available energy sourc€ for rnuscle as well
as anino acid groups for the synthesis of non-essential amino acids thereby conserving tissue
p.otein (Maqae g A[., 1993).

Driedzec & Hochachka (1t6) found an activalion of phosphoftuctokinase and pyruvare
kinase simultaneously with an incrqse in NH*4-clntent in the muscle of common carp
(C],orinus caroio) during activity, thus indicaling the use of free amino acids as well as
glycogen as energy sources in white muscle. The inc.es€ in muscle lactate iosether with
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stable glycogen values after 2 hours of handling, may point !o a use of free amino acids as

a 'first'energy reserve and a use ofglycogen as a 'second' energy reserve in white muscle-

Protein quality

The amino acids required for protein synthesis must be supplied !o the crocodile in a readily-

available form and in the coftect proportions. Herbert c! 4. (1975) demonstrated thar the

digestion ofan imbalanced protein such as gelatin can lead !o the development oftoxic levels

of some amino acids and conseqrjently a possible serious rise in the total osmotic pr€ssure

in the body and thus act as a stressor. The choice of dietary components which witl ensure

a high level of amino acid availability is thus crucial in diet formulation. In Table 2 an

indication is given of the protein digestibility of various protein sources.

Table 2 Crude prolein digesability of protein sources in salmon diel'

Protein source Percent

Flame dried herring meal
Sleam dried herring meal
Menhaden meal
Co.n gluten
Canola meal
Soybean meal
Blood meal
Brewers dried yeast
Feather meal

93.8

88.5
95.0

7  t .3
39.8
87.9

The general picture of protein digestion and assimilarion in crocodilia appears ro be one of

conside.able efficiency. The ratelimiting facror in prorein digestion, absorprion and

assimilarion seems lo be digestion (Coulson e! al., 1970). The supply of highly digestible

dietary components is thus essential. The temperature at which the animals are housed does

however effect digestion and absorption significantly as is evident from Fig 17. Ar a lower

temperaure the pro;in and thus the amino acids will be utilized less efficiently. The acrual

requirement by the animal may be reduced as was also found by Klasing g! aL. (1988) in

n



chickens due to immologic

acids must be considered rn
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Figure 17 Changes in plasma amino acids afler feeding lean meat (50 g/kg) to
al l igators kept at 25, 28 or 31'C (Coulson q! 41., 1986).

Vitamins

During acute stress, minerals and viamins are well 'urr l ized up ro a poini but pre'tous

nurit ional status and lhe duration, f.equency and intens[y of the sress as we]l as sr.ess-

related nutrient losses wil l  inf luence rhe requiremen6 of specif ic nurrienrs. Because !he

adrenal glands have the highesI concenrrations of Vit C of any organ ln !he bod), and becaL]se

!his viumin is needed for the synthesis of catecholarnines, increased levels of rhis viumLi

a



In fte dier may be beneficial.

may be insufficient under sress

In repriles Vit C is synthesized in rhe kidney, bur the level
(Fis 18).

m I n c a p a D t e

in l iver

l':- in k idneys

incapableN.?.

Figure 18 Cnpabiliry of vitarin C synthesis assoc'ated with the evolutionary process.(Fensrer eI al., 1989).

Vitamin addirions in the dier may lhus be essenrial for imrhune-enlancemenr (Bendih. 1992).
The value of additional Vi! C during slress has been eloquently demonstrared in the poultry
indusrry in reducing bacterial and viral dise€ses (Cross, 1992). ln pigs it was demonstrared
by Hoppe e! al. (1989) rhat the so-called porcine sress syndrome rellected an antioxidanr
abnoamality which may be arnelioratei by increasing the antioxidanr conten! of the dre!. In
this respect Vir A. B and Vit C played an imponant role in reducing rhe influence of
'reactive oxygen metabolites" (RoM) which are oxygen-cenlred free fadicars and thelr
metabolites. ROM afe produced endogenously by normal metabolic paocesses but amoun$
may be increased markedly by exogenous factors including solar radiation, fungal toxins and
pesticides. Deficiencies of natural protective substances or excess exposure to stimulators
of RoM production may result in oxidative stress which occu6 when Dro-oxidants exc€€d

Biosynthesis
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lhe capacity of antioxidan$. Vit E rerminares peroxidative chains by reacring directly with

a valiety of o.ganic peroxy radicals. Vit E is oxidized when ROM are quenched but can be

regeneraied by Via C. ln addition to regeneEting Vit E, Viramin C can acr directly as a

water-soluble antioxidant (Miller 9! Al., 1993).

In severe sress the requirements of vitamins A, Br Br, 86, C, D, E, K, nicotinic acid, folare

and pantothenic acid as well as for minerals, iron, zinc, copper, selenium and magnesium

are probably increased although the actual requirernenb ale unknown. The inclusion of a

vitamin supplement as given in Table 3 is thus very valuable in the feeding of crocodilians

in an intensive system.

Table 3 Recommended vitarrin supplemenri for g!@gdy!!! dlalig$ (arnounr. kg' die,

Vitamin Broodstock Harchling Grower

E

K

Calpan

Niacin

Folic

Blt

Biotin

C

20 000 lu

3 000 IU
150 mg

20 mg

20 mg

30 mg

60 mg

120 mg

20 rng

4mg

0.05 mg

1mg

1000 mg

t2 000 IU

2 000 IU

120 mg

15 mg

15 mg

2O ng

50 mg

100 mg

15 mg

0.03 mg

lmg

1000 mg

8 000 ru
1.5 00 ru

100 mg

10 mg

15 lng

40 mg

80 mg

12 69

0.02 mg

tmg

1000 mg
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The inEoduction of processed feeds, be it pe eting o. exrusion, as well as the emersron of
rhe feed in ware., may influenc€ the level of vitamin availability (Tables 4, 5 & 6).

Table 4 Rerention of vitamins in immersed feed (%)

Viamin
Extruded

2 rnin immersion
Pelleted feed

120 min immersion

Br
Panthothenic acid
Folic
Boitin
C (Rovimix Stay C)

100
68
90
96
90
98
92

100
100

6
9

82
32
39

Table 5 Stability of vitamins in pellered shrimp feeds

Vitamins
Retention %

3 months

E
B,
Panthothenic
Folic
Biotin
C (Rovirnix Stay C)

E2
64
68
77
78
84
99

Table 6 Stability of vitamins in exlruded feeds

Vitamins
Retention %

3 months

F

Folic
C (Rovimix Stay C)

100
95
67

100



MiDerales

other nufiients that are lost in lhe urine whh stress e.g. zinc, copper, magnesium and

calcium, do noi present problems if adequately supplied io the diet. Potassium which is lost

along with protein catabolism of muscle and organ tissue may be an exception but can be

supplied in the diet. Zinc, copper, selenium and magnesium are probably increased although

actual requirements are unknown. Sherman (199) reponed that inadequale nuarition of zinc.

copper and iron alter immunocompetence in hurnans and other experimental animals. For

each of these minerals a deficient status leads to increased susceptibility to infectious

illnesses. For zinc, copper and iron the importanc€ of adequate nutrition in mainuining

immunocompetence cannot be understated, a statement supported by the work of Nockels c!

41. (1993) done with calves.

Calcium plays a role in certain stress situalions (AiFboulalsen g a!., 1993) and Benedetri

C! al. (1993) indicated that dietary calcium supplementation had an antihyperrensive effecr in

rars thar is unassociated with changes in plasma renin activity, intravascular volume depletion

or change in sodium or phosphorus balance. The anrihypertensive effect of calcium

supplememation appears !o be due to a generalized peripheral vasodilation wirh preserved

cardiac output and a decreased response to norepinephrine.

Stress may however influence the utilization ofcalcium and that may resulr in abnormal egg

shell calcificaaion. This may effect hatchability of the eggs and thus the performance of rhe

unir (Mills e! al., 1987).

Sress itself induces sodium retention and water accumulation. Any dietary factors that

further contribute to fluid retention, in particular excessive intake of sodium, may therefore

increase the stress effecr (Macrae c! el., 1993).



Stress aod feed iotake

When slress builds up feed inhke may be suppressed as apperite is .educ€d. This may
enhance the problem of a vitamin deficiency or a lack of electrolytes which are rcquired ro
counteract the effect of the sr6sor.

By implemen(ing the correct nuaitional progrEmrne and using properly balanced dlets, lhe
influence of non-nutritional stessors could be mitigated and nutritionally related stressor
eliminated. This situation would be to the benefit of the crocodile and increase the
profitabiliry of fie enlerprise.
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Abstract

Fungal disease in juveniles and eggs of captiye Crocodyltlt porosus at a commercial
cTocodile falm was in epidemic proponions. The fungal pathogens involved werc widely
cultured from the nafuml fafin environment. Nesting material was implicated as a major
sourcc of egg coniarnination. Changes to procedurcs in the incubation tcchniques to
preven! infection of eggs arc describ€d. A significant inciease in hatchability has becn
achieved.

Aim

To investiga@ fungal disease in the eggs of farmed Crocodyl s porosas, rcduce the
incidence ofembryo monality due to fungal infection, and thereby increase the numbers of
healthy l ive harhl ings.

Introduclion

This applicd research carries an economic significance to what is sri a fledgling Ausralian
primary industry. Major losses of juveniles duc to disease cause financial problems for
crocodile fanners (J. l-ever, pers. comm). High losses of fenile viabte eggs during
incubation, combined wjth hatchling and yearly rno(ality could be financially ruinous.

Koorana Crocodile Fann, a commercial enterprise near Rockhampton on the Tropic of
Capricom, was established in 1980. It consists of ll3 hectares of melaleuca ard
eucalyptus open woodland, mangroves, mud flals and salt pans, and is bordercd by tidal
creeks on three sides, becoming an istand with causeway access at 4 meEe tides. As such
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it was considered to be ideal potendal crocodile territory. Salt warer is used for adult and
sub-adull lakes, this being pumped from rhe crceks at high tide,

Koorana is the rnos! soulherly crocodile farm in Austmlia and is on the southem exllmity
of the estualine crocodiles' naoral eas! coasl range. Because winters can be quite cold
(range 5oC to 25'C), a late wet season rcsulting in lare nesting and hatching would lead ro
very high monality in the wild due ro cold srrcss. Hatchlings and juveniles must thereforc,
by nccessity, be kep! indoors in a heated envbonment

The falrn was officia.lly opened in 1981 with nine crccodiles. Captive bteeding on rhe falm
conmenccd by 1985 with soin€ early monality of hatchlings in 1986. From then until
1990, hachling and yearling losses continued to be a Foblem with rhe major cause of
mortality afld morbidity found to be systemic mycoses, predominantly cau sed by Fnsaium
Jolari, an ubiquitous flngus normally only pathogenic to plants. Losscs of hatchlings to
the cfld oftheir first yeal. had been in excess of fifty percent (J. Lever, pers. comm.).

The prcsent project commenced early in 1990. lnitial progress on mycoses in juvenile
Crocodylus porosus has been reponed previously (Hibbed and Hanower 1991, Hibberd
and Harower 1993). lr is also the subject of a posrer pr€sentation at this confercnce
(Hibberd 1994).

Fungal diseases in rcptiles are trecoming morc ftequently rcponed. The most corrunon
b€ing due !o Beauveria, Paecilomyces, Aspergillls, Cephalospoium and Fusaium
speries. Fungal diseases have been reported in turtles, tortoises, snakes, lizards,

. chameleons and less fr€quently in crocodiles ̂ nd altigators. Fusarium solani sp?aifrcally
has been found in several species of lobsErs and pmwns, caimans and crocodiles, sea-
lions, seals, sharks, fish and green sea runles. Interestingly, these cases have all been from
animals in captive or fanned conditions. A recent paper has detailed infecnonby Fusanum
Jolari of fertile snake eggs in captivity, resuldng in embryo monaliry and an abnormally
sma.ll hatchling (Kunen et 4/ 1993). Dirccr references ro crocodilia includes the followrng
fungi: Beaureria bassiana, Asperyillus sp, Penicillium sp, Paecilomtces sp,
Cephalosporium sp, Fusarium Jp., and lwo references to Fusdritm solani. The firsr came
ftom a G€rman zoo (Kurdn er a/, 19?8), and rnore reccntly (Muir & C\nningham, 1990)
from famed crocodiles in the Northem Territory, Australia. The rnajority of cases a.e of
reports of deaths. Trcatments wherc atEmpted have fiequently been ineffective. A
literature suwey is the subject of a separate repon for later publication.

Sensitivity tests caried out by Lord (1990) have shown F. solani to be particulady
rEsistant to ihe common anti-fungal agents. Also, difficulties exist when Eying to treat
large numbers of infecred animals which sFess easily. The srrcss of being handled rnay
cause futher deterioration lhus negating any beneficial effect oflrealment.
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In April and May of 1991, an inportant tuming point was reached. Fungi wcrc culturcd
from incubating eggs. Although F. solari was still the predominan! fungus, rwo others
were fiEqucntly isolated. Onc was an Aspergillrrj ry. and thc other was Pdecilomyces
lilacinus. Of 26 nests incubated in 1991, fungus was culturcd from 8 nests in the lattcr
pan of the season. Samples were takcn fiom $e shells, shell membrares, infertile eggs,
cldy cmbryonic discs, the extt-a-embryonic rncmbmncs immediarcly after hatchling
enrelgcnce fiom the egg, and from dead cmbryos. Massive mycelial grcwth was also
found in the ai spaces of some unhatchcd full term eggs. Samples of nesting marerial
taken ftom one nest subsequently grew F. soldn i in abundance.

Work in the 1991/1992 nd 1992/1993 breeding seasons (egg-laying November to March,
hatching February to late May) involved investigating ways to remove fungal sporcs Aom
freshly laid cggs without damaging the developing embryo, and ascertaining the melhod of
entry through the shell. Prcviously the ajm had been to determine how sporcs enlered the
live hatchlings and yeatlings. Anoiher quesrion mised was whether eggs and hatchlings in
the wild were affected by fungal disease. No opponunity has arisen to sample'wild ncsls
and eggs in the local.egion. Scrapings.fiom the oviducts ofcaprive laying fcmales has not
becn carricd out, but this has not bcen overlooked as a possible source of firngal
contamination. The oviducts from a brceding female hlled by another cmcodile while
dafending her nest became available for mycological culturc but results werc inconclusivc
due to tissue contamination during the skinning and dissection process.

The current brceding season (199311994\ has involved funher r€finement of the ."
decontamination Featment buildingon previous seasons' results.

Melhods and materials

1991 and previous breeding seasons.

Eggs wele collected from the nes$ and incubated without any neatment, ie., no washing,
or dipping or other decontaminarion proccss. The first incubator was a simple, small,
chicken egg incubator. Over the years, this was rcplaced by a small laboaatory iocubator,
then by a purpose built large shelved incubator, borh with open racking. Temperaturc
control for this last incubator was by a thermostatically conrolled fan heater, monitored
with a diSital thermometer. High humidity levels wcrc maintained by a large tray of waler
in the basc of the incubator. The incubating eggs could be visually inspected through lhe
acrylic doors, and infcnile eggs or fenile eggs which had ceased developricnt rrmoved
when nccessary.

During 1991 laboratory based tesis, following standard mycological procedurcs, werc
carried out to determine a suitable anrifungal agent with which ro near $e eggs. A Eadily
available, r€larively inexpensive vererinary and aef,iculNral product, ArocideiM, was
selectcd for use, based on the laboratory resuks. (ArocidetM, Alfa Australia, a pmprieury



mixtur€ of alkybenzyldimethyl ammonium chlorides. a concentmted deodomnt, and
pcntane-l,5Dial). Another product resred was Virkon'M, (Antec Intemational LnC.) which
has been uscd in Zimbabpe to combat fungal infcctions, including FtsQnrrtt sp. affecring
hide quality in juvenile crocodiles, (Anlec Intemational Ltd" l99l). Malachite Grecn,
commonly used in the aquacultuE indusfy !o combat fungal infections in fish, was also
tested. Vadous othd merhods (eg. forrnaldehyde vapour) wer€ rejected dlc to thc dangor
to humans and developing embryos.

1991/19q2 breeding season.

Eggs \l€rc collectcd from the nests, the top surface marked for later orientation purposes,
then the oviducal mucus layer on the surface of the egg and any adher€nt nesting maErial
wcrc washed off by hand lsing running, ambient tempeEture €p walcr. This tempemtuE
ranged from 20oC lo 27oC The washed eggs were then dipped in a bucket of ArcciderM
diluted in ambient tempcrature tap warer at a.atio of 1:150 for 5 minures. This involved
placing the eggs in a plastic bucket with holes ddlled in the walls and base, and submersmg
$is inside a larger bucket alrcady filled with the antifungal agent. After thc con€{t time,
the buckct of eggs was lifted oui and allowed to drain. The cleaned and deconlaminated
eggs werc ihen positioned in lrays of dry vermiculite on racks in a walk-in purpose built
incubation aoom. A $ermosutically conBolled electric fan heater was used to control
lemperature, and two large troughs of tap water helped maintajn humidity levels.
Temperature and humidity were monitored using a chan rccording Thermohygograph,
and a Grant Data Logger with four €mpemture probes.

Nesting material from all nests was collecled 1n the l99lll992 brceding scason and
sampled mycologically, following standard p.ocedures. The eggs werc also randomly
sampled before washing, after washing, after dipping, and during incubation.

199211993 breeding season.

The procedures and materials used werc as for the previous year, except that the
incubating eggs were positioned in trays of wer vcmiculite, moistened until drcplcts of
water could be squeezed out. This was trialed after discussions with Zimbabwean and
South African crocodile farmers and researchers (Blake 1991), during rhe llth Working
Meeting of the Crocodile Specialist Group in August 1992, Later in the sea$on, the
vermiculite was dried out until it was damp but not as moist. Eggs werc sampled
mycologically afrer washing and afler dippint. Eggs wcrc candled afr.r onc week
incubation ard infenile eggs removed. Eggs with embryos which subsequently died were
€moved at rcgular in@ als for examination and rnycological cutturc. A humidity probe
becarne available for use with the C.ant Dara-Logger and was added to the other
envimnmental monitoring equipment used prevjously.
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193/1994 brccding season.

The process was funher modified in that eggs wer€ no longer 'cold' water washed by hand,
bul werc irigaled by walm tap waler using hose anachmen$. Water was heated by a
Emperature adjustable gas heater positioned at the water storage tank outlet, !o allow
water tempem$r€ at the nozzle outler ro be approximately 36C higher than that of the
recorded nest tempemture at egg collection. The clean eggs were rhen dippcd for 5
minues in the Arccidetu solurion (l:150) ar the siure tempe.aturc, then incubated as
F€viously in damp vermiculite. Candling, and rcmoval of non-viable eggs followcd the
prccedures of the previous year.

Mycology.

Samples ftorn eggs were roudnely taken by scraping with the wooden ends of sterile swab
sticks. Swabbing with the cotton tips ofihese swab sticks rcsulted in cultures overrun with
bacElial gowth, whercas scrapings lelded prcdominandy fungal gowth. Culture tubes
wirh slopes of half-sfength Potaro DexEose Agar (HPDA) were used for primary
culturcs. These werc incubated at 30oC and sub-cultured onto sterile HPDA plates to
obtain purc cullure, and then identified using MEA, CYA and G25N media as per the
method of Pitt and Hocking (1985). Slides werc made ar each sub-culrure stage using
Acid Fuchsin in Lactic Acid as the pdncipal stain. Purified mycelial cultures from post-
mortem or posFhatching tissue samples were obtained following the melhod of Hanower
(1989).

ResultJ

Hatchling survival dala to the 31 December each year from 1989 ro 1993 can be Eferred
to in Fie 1.

Year Hatchline Survival

30 June 3l Dec 3l Dec
excluding unrelated

deafhs
1989 $. lqo
r990 40.gEo
l99l 44.18a
1992 66.6co 7'7.4qo
1993 88.8Co 78.9Vo

Fig. l: Hatchling survival at 3l December. (** figures not avsilable)
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Year Tofal
Laid

Damaged
Not set

Infertile Fertile
Viable

Embryo
Deaths

Live
Haach

1984 40
1985 I  l 0 40
r9E6 600 l l 0
t947 660 300
r9EE 1002
1989 t206 386
1990 343
r99l 1015 JO5

1992 t314 34 1013 1n7 371
1993 2015 68 401 1540 911 569
1994
to Nest 23

1098 34 I 4 l 664

1994
!otal,
(32 nests)

15?1 60 222 1239

Fig 2: Production chart using actual eggs numbers. (** tigures not available)

As % oftotal eggs laid As ol
Fertile

Fig 3i Producfion Chart, expressed as percentages (** rigures nol available)

Year Damaged
Not set

Infertile Fertile
Viable

Embryo
Deaths

Live
Hatch

Live
Hatch

r984 32.sEo
1985 36.4/o
l9E6 18.3Vo
t9a1 45.4%
l98E 36.tVo
1989 32.oCo
1990 29.8%
l99l 36.|Eo
1992 2.5Vo 19.47o 18.tVo 51.17o 27.IVo 34.6Eo
1993 3.4Vo 20.2Vo 76.4/o 48.2Vo 28.2Co 36.9%
1994
to Nest 23

3 .1qa 12.85o 84.1Ea 60.59o 71,9%

1994
total,
(32 nests)

3.9qa l4.6Vo 81.5Vo



Live llatchline Production

100

3

! % ofTold Fggs taid tr % ofFertite Yi6de ess

sr.rr orH.rchllnB n.r...ch

tr'ig 4: Bar chart Live Hatchling production.

Egg production and live harchling figurcs aie Iisred by aclual numbers jn Fig 2. The data,
expressed as percentages of the total eggs laid, and also as a percentage of fertile viable
eggs, ar€ Ist€d in figule 3. These are simplified in graphical forrn in Fig 4. From the graph
it can be seen that whichever method of comparison is used (ie. as a percentage of total
eggs laid, or as a perceniage of fenile viable eggs) the r€sulrs to dale for rhe 1993/1994
breeding season have apFoximarely doubled the results for each of the preceding frve
years.

Discussion

From the rcsults tabled, it can b€ seen that hatchling suwival as at the 31 December of
each year has been €radually improved from 1990 ro rhe end of 1993. The figures havc
been calculated as a percentage ofthose which originally hatched live, not as a percentage
of fertile eggs, nor a percentage of (otal eggs laid. Unrclated deaths in 1992 were
considered to be the r€sult of a heating failure and subsequent cold stress. post monem
rcsults gave no pathological reason for death. Unrelated deaths in 1993 were anirn ls
which had becn used in a Eial and werc then euhanascd.

In sununsry, hatchling suwival ar the end of the ftrst year has been apprcximalely
doubled. Confibuting facto$ which have combined to produce this increase are a
rcduction in harchling densily in the pens, additional covered rcffeats in each Den, berler
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contol over the pen temp€rature, (heated air and water), exEa feeding stations pe! pen,
and a better clcaning r€gime, all of which rcduce extemal sEesses on the haEhlings. kss
fight wounds arc apparcnt and thercfore therc is a r€duced chance of fungal infection
drough wounds. A morE reliable supply of ftesh meat has be€n organised to avoid dietary
changes, and vit min and mineral supplernents ale included on a leglrlar basis.

Rcgarding egg anti-fungal Elatmcnts conunenced fot the 199111992 breeding season,
Esults were initially disappointing. Howgv€r, it is considerEd thar the method of cleaning
the eggs by 'cold washing' had actually contribuled ro embryo monality by setting up a
temperaturc gradient, which helped draw fungal conidia from the cooler water into lhe
warmer egg. The extra handling involved in hand washing the eggs of debris !.lso
contributed to embryo mortality due to mechanical sfiesses se! up aaound the embryonic
disc. A heating rnalfunction due to a power surge after a cyclone was i€sponsible for some
monality. The method of using dry vermiculite for the incubarion medium conEibuted to
desiccation of some eggs and subsequen! mortality, even with high humidity levels in the
incubation room. The use of moist vermiculile removed the possibility of desiccation the
following year, but this created the opposite exEeme. with some eggs swetling to the point
of cracking. Transfening the eggs to ftesh trays of damp vermiculite which had been
pafiially dried in sunlight eliminated further swelling. Humidiry levels were mainlained at a
consistent 98 to 997o.

The most recent method of using warm water to wash the eggs, combincd with a
reduction in egg handling by irigating rather than hand washing, and the use of warn
antifungal Eearment, have produced vely encouraging rcsults for the hatching ro datc (23
nests out of 32 have hatched). After allowing for two lotally infertile nests (nests 24 and
25), and assuming a similar hatchabiliry for the late. nesrs as for rhe tust 23, the overall
live hatchling production for the most r€cent bre€ding season is expected to bc
approximately 557o to 577o of the total eggs laid, ot 69qo n10Ea of yiable fertile eggs.

ln addition, growth figures for hatchlings as al 31 Dec 1993 were very pleasing. Dara
gathered does not lend itself to yearly compadsons, however rvD(imurn length and weight
for the 1993 surviving hatchlings was 980mm and 3.542kg, minirmrm 360mm and 66
gams (sick bay), with an avemge of745mm and 1.449kg. (Number ol animals = 419) The
ages for the group ranged ftom I I months to 7 and a half monrhs. Thc largest hatchling
was from a nest which hatched on rhe grh March 1993 so wasjust under 10 months old at
the census daie. If these growth rates can be continued, skinning could be carried out ry
the end of the crocodile's second year.
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Conchsiom

Dudng the cou$e ofthis research egg hatchability has begn approximately doubled. Those
crocodilcs which hatch are large! and healthier, and the surviva.l rate to the end of the frst
year has also been approximaEly doubted. The ner effect for the commercial farln has
becn a quadrupled ourpur, which has beneficial financial implications for the future.
Prcviously the enterprise was highty dependen! on rhe tourist marke!, howcver with this
foufold increase in the numbers of yeading crocodiles, and the accelerated growth
attained, the commercial aspect ofskin prcduction has been assu,ed.

The aim of thc project has been rcached with rcsults exce€ding expectations. I would
cncourage crocodile famers with an unidentified high embryo monality to investigab the
possibility of fungal infection.
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BUX)D COIIECTION AND SAI,IPI-EII
PROCtsSS lN]&baL@indah

(PRq;RESS TEPiORT)

Sudrs Toun; Alh l8hot Arr Co5-tr;
Cristirr yotr Firck ud Alcjudro lrrrict|

CONVENIO INT'MAGIC/MUFCN
Bv. Pencgrini 3100, S|rtr Fa-3m

INTRODUCTION

Caino, btbotnit k $e of tlte two specics of.rgeotinian crinars it
is *'id€ly disldbuted io no.tbEtr Saata Fc, ArgcntiB. There is no info.mation
about blood colle€liotr Echrics and blood glucos€ and cbolesterol for the
spccic. Th€re is some iofo.matior about seasonal variations of heoatocrit
values (Garcir ct. al., 193) i^ C. btirNttk. I onnation is givcn by
Carmera about herEtocdt \.h6 in Crocdylut rhqrbiJcr.

This wort is siocd b chcck a t€chdc for blood collecli.on
far Cait ut ,4riforrrir atrd to obtaiD blood values of glucose, cholesl€rol
(with iS associatrd lipoFoleiN) ard hetuatocrit, i! captive atioals.

METIIOIX)LOIGY

The aniDds uscd itl this study come ftom the ExperimotNl Brceding
Statiotr (E$acion Zoologica Experinental) at Santa F€ city. The wort was
carried out with 160 individuals of Csiua!| latirostris agcd between 2 to 4
ye3rs old, weighing 2m to 5100 gr atld meisuring 40 to 103 cm in length.
Sinc€ hatch tlEy were tept itrto heat d pools, av.rage densiq used was 15
sni|Dals pe. squde mclre. They were fed three titues a we€k with a balaoced
compos€d of minced chicteo, brao ccreal aod a vitaminic mineral mixtur€.
The at|itr|als were selec,rcd ra[dondy from the poob at the moment of obtaining
tlrc blood. The elcctio[ of the blood collcciion t chnic was base! on the psper
publishql by Olson, Hcsslcr and Faith: 'Technics for blood collectioo atd
iGav.scular infusioo ofrcptilEs' (1975). Thrcc t chrics ofblood collectior are
prorpos.d by Olson: ftom thc ifiemal jugul$ vcir by cardiac puncntre and
ftom tie c.udal vcin- The cardiac punc re, bcsidc beiog a risky technic; it
could produce, aco.ding to our undeNtarding, complications like chronic
endocaditis. Somc of thc problens of the blood collectiol from thc caudal
vein, arc tbat it is very difficult io localize ard the blood volume is very low
and it is not eoough for the sudics.

Thc tcchnic we adopted, with somc varia i, as regards to the one
describ€d by Olson, consist in collecting blood fton thc internal jugular vein,
between lhe Rrst and tie secood ccwical v€rteb.ae. Thid vein is found within
the vcrcbral coluDtl of the c€rvical ryinc (FigutE l). Disposable ryriqes of
5 or l0 ml and ne€dles 2lc-x t' (0,8 x 25 nrn) are used for blood collection.



Anirnals may bc rcstrained by k€eping thc mouth danudly closed o. lsing
rdh€sive b.rd, which i5 resistcot ard ersy to rake out, ald iloobilizing the
body ald tail by hards. Dorsal fl.xior of Oc ncck 'tray help ro enbge the
openhg bctwecn the vstcbrac. Thc vein is loca&d by insertiq thc rcedle jusl
cqrhalad and medial bctween thc dorsal sq cs behind th€ head, if the oeedle
cncoultsrs a vert brae it is walk€d forward or backwad ultil it is felt to enr€r
thc intgrvcrtcbral s?acc. Cacre slrculd be tak€n not to pqctratc tie qriDl cord
which lies veotral to thc vascnlar sDace.

Figurc I

The blood voluoe take[ varied b€twcen I rnd 4 ml depeodiog oo $e
analysis warfied, and tbe animal's size. Thc snrdies realized were the following:
blood glucose, total cholGterol, cholcs.rol &ssociated to high and low
lipoFoteins and hehatocrit in nales.trd fcoales. Commercial reactives fot
human biochcmistry application wcre used.

-Iotarcbobsluol: an enzimatic method (Cholesterol Oxidasa/Pcroxidasa) with
Trhdcr colorim€try x'as us€d to detcmine cholcsit€.ol in serum or plasrna.
Reactives:
l- Standad: Cholesterol solution 2grll
L E^zyI'': Suspensiol containing futrd lip.ss (300 U/ml) cholesterol
oxidasa(3 U/nl) and pe.oxidasa (20 U/r )
3- 4AF Rcaclivc: ,{-aoitroph€tuzor|a solution (25 mmol/l)
4- Phcnol Rclclivc: PhcrDl solutior (55mmoyl)

-HDLCDOITSEnI (HiSh density lipoprotein): Precipitut reactive to sepsrat€
high density lipoproteins in serum.
Reactives:
l- Dextran reactive: Dex8an $lfate solutior (PM 500,000) 0.032 nmol/1.
2- Magresium Re.activc ; CLMg.ILO solutioa 1,5 mmoUl.

-LDLCbdcSlol G-ow density lipoprotein): prccipitut reactive to sepanre rhe
low density lipoprotein in serum.
Precdipitlrt r€active: Polivinil sulfaE soluion l0 grll diluted in
poli€tilcngfycol (PM ffi) 

"125%, 
pH 6.1

50



-Elood-Cbrorg: Enzimatic method (Trinder) to determine blood glucose ard
other biologic liquids.
Reactiv€s:
l- Sbndard: Glucoce solution I grl1.
2- GOD/FOD: Clucose oxidasa (l(m U/ml) atd pe.oxidasa (120 U/ml)
solution.
3- 4AF Rcactivc: +amioopheoazoM solutio! 25 mmol/l in Tris Buffer 0.92
noyl-
+ Phenol reaclivc: Phenol solutio[ 55 mmol/I.

The tcchnic uscd ir each st||dy are thc oo.s idictted fo. cach product.
Some variatts were done as regards to the osed t€chrics for hunan analysis;
a bath of 37 t duriry 30 minutes; imnediately after the blood collection; and
it is reconmended to dilute the resulting coloufed solution b€fore rading in
$e fuophotometff.

RESULTS

The medium total cholesr€rol value recorded was 2.315 grl1, SD =
1.0655, (o = 60 ). A diff€reacc between cold sqsor values (3.000 grl1, SD=
0.E752 ) and warm s€asoo valucs (1.531 !r/1, SD = 0.6642) was observed
(Figure 2).

Figurc 2
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The mcdium HDL cholestdol valu€ r€cord€d was 0.4E23 g./1, SD =
0.3874 (r = 60). A difference between cold s€asoo values (0.39E grl1, SD=
0.2741 ) atld warm s€ason values (0.6166 grl1, SD = 0.4522 ) was observed
(Figure 3).



Figurc 3
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The mcdium LDL cholcstercl valuc rccorded wss 1.256 grl1, SD =
0.8325 (n = 60). A differeoce between cold season valu€s (1.7649 grl1, SD=
0.7316 ) attd warm season values (0.6016 grl1, SD = 0.3557 ) was obse.ved
(Figure 4).
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Thc medium blood glucose value recordd was 0.8182 gr/1, SD =
0.2249 (tr = 48). (Figure 5)

flgurc )
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The medium hematocrit valrc recorded (without taking into account the
sex) was 19.52 %, SD = 4.2414 (n = 58). The medium hematocrit value
recorded for femal€s was 20.5% (SD = 4.7302) atd fof males was 17.19%
(SD : 3.6465).(Figure 6)

Figure 6
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CONCLUSIONS

The technic used in ord6 b ake blood ssrnplg from ht€nul juguht
vein in C. lotirostrit, showcd thrt it was safe ard eff€clive.
Hcm{tocait valucs vary sigrificardy in resp€ct to those given by Garcfa et. al.
(1993), but they are similar to tho6€ givea by Cantlem et. al. (1979) for
Cmcodybs rhoabiter-

Considering thc 'lumber of s.mples for tte total cholesterol, HDL and
LDL valu6, wc havc now thc 8pptoximatc normal valucs for th€ spe4i€.

Difcrences h€twe€n cold and wafm season for chol€srerol and its
associatld lipoplot€ins w€re fouod.
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Organ molphonetry anal stomach EH in farmed NiIe clocoaliles

F. l f .  Huchzerneye!

Onalerstepoort veterinary Instj . tute, Onderstepoort, 0110,
south Africa

In animals r.ith very 1a!9e variations in size lt often is
diffj,cult to judge the relative size of a particul-ar orgaa,
For thls reason Buchzertneyer anal Van Der vyver (1991) used
the spleen/heart latio (SIIR) in turkeys infected wi.th a
nalaria paraslte to quantify the hypertrophy of the spleen
anal Huchzeineyer anal De Ruyck (1985) the relative right
ventlicular lrass (RRV) in broiler chickens to expless the
dlegree of hypertrophy of the right eentrj.cle of the healt.

The objective of this stualy was to aletermine the
reLationship between boaly length and healt nass, RRV and SHR
as i |el1 as fat body/heart rat io (FHR), kidney/heart ral io
(KHR) and the stoinach pH in fafined NiIe clocoililes.

These parameters lrere establisheal on some or all of 453
clocoaliles subnitted for routine post-morten examinatlon
flon January, 1991 to December, 1993, Fo! this purpose the
botly length r'as recor(leal unless part of the tail nas
ldssing, the auricles were lenoveal flon the healt, anal the
ventlicles, spleen, fat body and right kj.dney weLghed on an
electronic sca1e, In specinens of suitable size the right
ventricle was separated fron the left ventricle anal seplun
a6 alescribeal by Hucbzermeyer anal De Ruyck (1986), the l ight
ventricle was wei.gheal ( l ight ventl icular nass - RV) and lhen
both ventricles togethe! with the septum (total ventrLcula!
mass = TV).The ratios r"rere then established as fol lorrs: RRV
= RV : TV; SllR - spleen mass : TV; FHR = fat body nass : TV
anal KHR = right kidney mass : TV. The stomach pH was
determined lr i th the help of indicator str ips.

Fol the regression of heart mass on boaly length nonlj.near
least squares statist ics were useal rr i th the formula Y = abx
anal for the comparison of SHR vaLues the nonpalametlic
Kruskal-wall is anaLysis was used.

The predicted values andl 95* confialence l inits of the
regression of heart mass on body length are sholrn in Fig,1.
The dist l lbution of the RRV values (n = 36; mean = 2.86;
tange. O,22 - 0,36) is shown in Fig.2. The SHR values of
crocoaliles presumeal not to have suffered from infections (n
= 77) ranged f lon 0,19 to 0,72 and their distr ibution i .s
presenteal in Fig.3. These values were signif icantly
different from those of cases of conjunctivit ls (0,11 -
2 ,12 i  ^  =  40 ) ,  sep t i caen j . a  ( 0 ,24  -  2 ,57 i  n  =  8 { ) ,
sa lmone l l os i s  (0 ,22  -  2 ,6a ;  n  =  70 ) ,  gas t r i t i s  (0 ,41  -  2 ,49 ;
n  =  54 )  and  €n te r i t i s  (0 ,34  -  2 ,71 ;  n  -  35 ) .  The  pe rcen tage
distr ibutioD of the FHR values (n = 433; lange: O - 19t42,
is given in Ft9.4 anil  of the KHR values (n = 296i range:
0,59 - 7,31 ) in Pi9.5. The distr ibution of the stomach pH



va l ,ues  (n  =  191 ;  range:  I  -  8 )  i s  g iven  in  F i9 .6 .

A9 tlost of the nortallty occurs in hatchlings, the-e was a
preponderance of data on snall individuals. therefore the
upper end of the heart nass on boily length regression curve
is baseal on relatively few values anil nore ilata are needed
f-on Large cracodiles.

The flistribution of RRV values follons a nornal pattern, but
-eaches highe! fLgures which in folrls lrould be taken as
inallcalive of right ventlLcular hypertrphy (Huchze-neyer antl
De Ruyck. 1985). It Ls not knorrn yet whethe! pulftonary
hypertension does or can occur in crocoil iLes.

As in Dannals and birals the spleen of crocodiLes reacts to
irnmune stimuli by increasing its outpuC of lynphocytes vLth
a consequent increase in size (hypertrophy). In such rapid
bursts of gro*th the tissue breaks through the relatively
strong capsule by "budding" lrhich gives such a spleen an
lrregula-, nulti lobulated appearance (a19.7). Establishing
the SHR can be useful in determing whether the aninal has
been exposeal to an irnnune stihuLus.

4

Hypertrophic spleens of NiIe crocodiles with
nult inoalu.tar, "budding" appealance.

The abtlominal- fat botly is a fat storage organ containing fat
cel ls i{I th large, active nucl.ei, capable of mobil izlng the
fat stores lapit l ly when needeil.  This organ is also weII
vascul.ariseil anal often is involved j.n general alisease
processes togelher irith other internal orgaas. gere, I
should ll.ke to propose tlre Latin name "steatottteca to be
abLe !o call atl inflamrnation of the fat bodv



"s teatothecit is " .  In the present material a large propolt ion
of the specimens were runts or haal been chronical.Iy il-l-,
causlng an equal].y lalge proportioo of the FHR values to be
below 1,0. The FHR j.s a useful parEuneter for Jud91n9 the
state of nutri.tion of an inilividual crocodile or even of a
popufahion.

Most of lhe KHR values gave a normal distr ibution from 0,59
to 2,0. The higher values were associatei l  etthe! wj.th
inflaflnatory procegses, notably pyel-onephri tis , or as
compeasatory ttypertlophy when the othet kidney was missj.ng.

High stonach pH values (4 - 8) rrere found to be associated
r,ith chronic alisease anil exhaustion of the fat body, rrhile
Ior,,. nofinal values (1 - 3) !,ere founal in anlmals !.hich haal
dietl  suddenly or after an acute i l lness. During storage of
the specimen unalel lefrigeration for up to 1 week the pH did
not i l tcrease. It  is now belteved that, when death IE alue to
the exhaustion of the energy reserves, the terminally i l l
anj.nal is no longer able to dissociate NaCI to produce the
necessary HCI and this leads to the rise of the pH.

Dr H. van Ark is thanked for hi.s assi.stance with the
statist ical analyses.
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The lniuence o, walor tamparaturc and clulch ol odgln on atr€ga In tarmed cradyrB ,0106//'
hatchlln9.
JA T!rton'. PW Ladds'. SC l(anolis+ & G Webb*
' Dapertn€nt ot Bomsdjcai and Tropicai VetEdnaty Sciencos, Jam€s Cook lJniv€rsit, Townsville,

Old, A'rstralla ,l8l 1
+ Wildlife Mansgomsnt Intemational Pty Lb, PO Box 38151, Wnnellie, Northom Tenitory, Auslralia

0821

wat€a temparatlrro ha6lmpodant gflsol6 on 0aowth, dboaso suscoptblllty and mortallty In larmed crocodilgs, Thb
st|',dy vras underta*en to det.dnine whether higher (36'C) ard lo{,0r (2€'C) than optimum (32'C) wat6l
t6mp€ralur66 ro6ufled in sfross ard immunoslppression in fanod arccoclylw pot8us ielclllingB, and wiethsr
dr66€ paft|mot€rs vafled b€twe€n dutchas.

A iotal of 140 C. poro36 hatchlln$ lrcm fv€ dulch€s w€ro divid€d betwo..| livs water tomp€ftlsre ia€atm€nts
$ch thd lhors was an oqurl firnbol ol crocodiles hom e&h clrich In €ad1 lreah€nt-

Str€38 wE! nea6urad by pi€sma corlirstsrcno l6v€ls, and lmmun€ luncllon by plasma immunoolobllin (g)
levab ard loEl and ditl€r€dtl8l$t t. blood call coum3. Crocodlles w€re weiChed. meaaurad and blood lamplad
on lour occaslons, b€lore and alter temporaturo changos w€rc eftactad, corticoslercne lev€ls w€re d€temlned
by an enfaclivg ledioimmunoassay gocedurc. An €n yrne llnl€d immlnosorbent assay was dav€lop€d !o
m9aaure ph!fia lq l€v6ls,

Tl e $udy was tlre fi€t anenpt io qo:|ntilate codicosterone and lg levels In C. poaosus. Codlcoslerone l€vsls
fan96d tmm 0.25-16 ng/ml with a m€an ol209 ng/hl, cocodile lg was dalemin€d lo b6 lgc, wilr e mol€cslar
weigh! ot 218 koa end hoavy and llght chains of 57 and 27 koa, .espectively.

Cortjcoste.ong levols wore €levat€d in crocodile8 maintain€d at high temp€raturc, and lh€re $€s also a
sonilicant incrsase in conicostercne levels in on€ ol the hlgh tomporatur€ group3 ailar lho t€op€rature $as lkst
elevat€d- lg levol9 wor6 not slgnificantly atlocl€d by u/alor tsmp€rallr€, Tolal whita o€l counts at lho €rd of the
study worc ehvated in tho high temporalure t€alments. Hotorophil percontagos woro higher and lymphocyts
percenlaces conorently low€r h lh6 high afil low temFrat!rc grcups. A rctum !o pro-tr€etmed lymphocyte
porcenlago occur.od ln lho low t€mp€ftrlur€ grcup wion rolumed to 3?c. Body wdgn was nol aftect€d by wat€r

Clutch ol orioin had marked €ll€cts o,r growth, This was appar€tu al th€ fi.si sarnpling timo wisn conditions w€r€
optimal lor allarlmals, Th€r6 r{€ra also clt/tch difl.r6nc6a In cortlcoslerona and lg l6v€ls,

Proportao€l chang€ in body weight was n€€Etiv€ly con€hted !o both conicostorono and lg lovels. Howev6r,
lisr€ was no int€radion b€M€en cortimslsron€ and lo lovsls.

Th65. lindingB suo0esl f1a the hioh t€mpgralurc us€d in tlris study w:rs str€ssful, wh€rgas th€ low on€ was not.
Chang€ h lrater ldrpe€tur€ In both lhe hlgh a.! low tompeftture tr€€ monts r66!ltsd In lmmunosupprosslon (as
retl9ct6d by decreas€d lymphoc)'ts counts) lhrough a m€ans othd than &e h],polhaLrhic tituilafy adronai co.tlcal
a.xis, Clulch ottects werc extcmoly lmponant, panbularly in t€ms ot growih, and slggest a rcl€ lor s€le61ion ot
crocodlles aGording lo growth ara codhGl€rone l6v€ls tor opllma/ p€formanco undd lam€d condilions.

We wish lo acknowl€dg€ ine collaborallon and assistance of stall ol G€hamo W6bb Pty Lld, tho Con3otuaiion
Comnlssion ol lh€ Norlhom T€riory, and th€ Aofiiman R€gional lalo€tory ol lhg No(h€m Tgfiitory
D€pannr6d ol Primary Induslry and FishEriEs.
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LAKE APOPKA'S ALLIGATORS : THE END OF TIIE RIJLING REPTILES?

H.F. PERCIVAL, K.G. RICE, G.R. MASSON, A,R. WOODWARD, C.L. ABERCROMBIE,
AND M,L, JENNINGS

ABSTRACT

Compared to other Florida wetlands and pre-1981 counts, Lake Apopka (central Florida,
USA) has very low densiti€s ofalligators (l//rgato,' mississippiensis). This is due in large part to
reduced egg viability rates though it may also involve low adult or juvenile survival. We
investigated potential eEects ofmicrohabitat, nesting matedal, clutch temperatu.e, and region of
lake on clutch viability; we also compared such effeds across six other Florida wetlands. These
physical characreristics did not explain the reduction in egg viability. We hypothesize that
chlorinated hydrocarbon pesticides have destroyed the Lake Apopka alligator's reprodr.rctive
potential- We further speculate that the situation on Lake Apopka is only the most extreme
manifestation ofa problem that could be more wide spread throughout cent.al Florida.



ALUGATOR MGIII.LIGIIT STJR\,EYS OF IMPOLINDMENT FIABITATS IN COASTAL
SOUI}I CAROLINA-A PRELIMINARY VALIDATION

Walter E. Rhodes. Alligxor Projea Srpervisor. South Carolina Wildlife and Marine
Resources Departrnenr P.O. Drau€r 190, Bomeau South Carolir4 29431

Philip M Wilkinsoq Regional Wildlife Biologist, South Carolina Wildlife and Marine
Resourc€s Depatment, Star Rowe I Box 226 Georgetowa South Carolina 29440

A 4rti Population surveys of Americar a[igatoF (Alligaor nissixipiensk) comno! y us€
night-light techniques, horcver, the proportion ofthe aue popu.lation aeeir with dris nethod is
not known for inpoundment habitaa. If 0le perGntage of auigato6 seen during night-light
surve's is wderstoo4 the pocedle may provide a mears for estimating population size.
Forty-for (44) alligatos Ql83 cm) rrre captrred and maked for nrak-rbight population
estindiontechniques in N4ay 1993 at Sorrh Island, Soudl Carolina Bailqy'Jpopulation
eslinute of alligatoF >183 cm for impor:ndment habitu on Sor"rh Island wds 242 * 30 (SE)
(n-= 3). Mean percertage of alligaton >83 qn seen during night-light surveys in N{ay wai
9.09 + 3.52 (SE)% (n =3). Initial anal]sis sugg€sts tbat night-light surveys can be used to
estimate eiligator_populations for impoundment habitats; howwer, fintier investigation is
needed to detenrune lt pqcentages change anong ryowdnert habiral R?es.

f, prereqursite nqqsary for successful wildlife managenrvrt is krowledgs ofrelative
densities or s€ ds of rvildlife populations. Infornation cn pcpulaticn size allc$c wildlife
manageN to detect change and evaluate papulalion shtus; howev€r, methods to accurately
estimate population size are tpically e\asive or diffcult and epei:sive.

- , Populatior size of American alligators has been estimated by aerial n€st counts (Chah€ck
1966). nighr-light surveys Murphy 1977, Taylor and Neal 1984, Woods et al. 1985, Brandt
1989), basking counts (Thorpson and Gidden 1972), and ma*-rcsight (Brandt 1989,
Woodward and Linda 1993) and mark-recapture tecbniques (Mtlrpht lgZI). Ercept for nighr-
ljght. surveys. the above techniques are F€sertly not conducive in South Carolina iue to 

-

rundlllg arxl rnanpower restricrions and nonhomogeneous altigabr habitats.

There are rougtrly 204,142 ba of coastal wetlards in Sorth Carolina of *trich
approxirnately l4o/o(7j,541ha) ae irnpound€d (l-mer 1976). Hsrorically, irnDoudnenrs
wcre used for the produaion of tidewater rice (Doar 1936). whereas preieruty thry sewe as
waterfowl hrnting aleas Jst-ange 198n. The majority ofrhe alligatoi populaiion in South
Laotna rs assocrated wth rntact \!€tlard irr4)ol'mdments (Wilkinson ad Rhodes 1992).
NghGlight surve,s cwently arc used to monitor alligator populaions associated with
rmpoundment habitats in South Carolin4 howwer, v*y titite is t<nown alout the relationship
behve€n th€se surveys and population size.

. A proposed quota-based alligator harvest on pivate lands in South Carolina provided
irnpetus to dereamine the relariorship between night-light surveys and populatiolsiu of
allrgabrs assocrated wth npoundment habitats. Or concept of using mark+esight



techniques- to-validate night-light sweys on impoundments was inspired by the work ofA R
Woodward v{ro ued mark{€sight tecbniqu€s to verify night-light surveys on lake habitats in
Florida The objective of our s$dy was to validate night-ligfu swvrys as a population
estimation teclmique for impoudment habitats in South Carolina"

We lhank q. Davies, A DrPree B. Harmorf C. Rhodes, IvL Spinks, C. Wilkimo4 and
lvl Wilkinson for their invaluable help in the field Pilot C. Macintosh provided expert aerial
sldlls. AFprecidion is odended to D. Davi4 D. Otis, and A Woodward regarding itesigrl
inplernentarion, and review ofthis study. Irgistical srpport and fuding vms nade possible
tlrough B. Joyner. Funding was provided by the Yau&ey Foundation and the South Carolina
Wildlife and Marine R€sourres Depaftnenf

STTJDY AREA

The study was conducted on the South and Cat Islan& portions ofthe Tom yawkey
Wildlife Center, a 5,666 ha area on the north central coast of South Carolina Gie l). ihese
islands are located baween the Winyah Bay and Santee Eshiaries at latihrde:l"l: fVontr ana
longitude 79r" 15' West. Souh lslan4 a barrier island, is on the Atlantic Ocean {fiile adiac€nt
Cat lsland is s€pa'ated ftom the mainland by the Atlantic Intracoastal Waterway. Mosquiro
Creek separ*es the 2 islands as it passes between Santee and Winyah Bays.

Figu! I. t cdion of 6! Yadcy WLUiG C.rn6 tudy fta..



The shrdy area was composed of 1,012 ha of managed uaterfowl impoundments ranging
in size from 5-170 ha- Additionally, ttEre uere sh small, teshwarer ponds totalling <lt ha"
N4ost hpoun&n€nts had roads along perimeter dikes or adjacent rplands that ptovided
zuitable access for nigtrt-light suweys. Vegetative cover within impoundments was rylicauy
a mixtue of open \ryater, srbmerged aquatics (e. g kryia noitina), and ernergent grasses
(e.g Sptina cyoswoi&s\ Trees and shnrbs were span€! except on €dges of dikes.
Surrounding wetlard areas w€rc tidal salt ard brackish mashes that were subject to extreme
salinity variation (00 ppt-35 ppt) du€ to periodic fieshw*er discharges into the Santec Riv€r
Aom the Santee-Cooper bkes. the alligator population on this area had not been subjected
to hunting in ortr 50 yeas.

MEIINDS

During the period   fvlay to 13 N{ay 193, alligatoG >183 qn wse captued using baited
tipsnares, pole snares, and snatdl hooks. All captu€ and handling ofalligaton was done
during daylight houn so as not to induce aversion to lighs that would bias night-light
survels. C€ptue etrort was primarily concentr*ed in canals of inpounded wetlands. Donal
total length (TL), mo|j, v€nt'al snout to th€ rcr of v€nt, vert, vental tail, and hind foot
length and neclg torso, and tail girttr were measured to the nearest 0.1 crn. Sex also was
recorded (Chaheck | 966).

Captured alligaiors wErE color-marted with two, 4 x 16 cm slrips ofvarious combinations
of gr€erl orange, pinlq ntrite, and yellow spray paint aplrlied to the dorsal neck rcgion !o
diffrentiare aliigato$ by 6l crn size classes. T:sts conducted in Flori& Cetennined that
painted alligaon wve detectable for a minirnrm of25 days and that maks were large
enou8h to be id€nti{ied from tlle air brt ynall enough so that the observer detected the
alligator prior to observing fte mark fitroodwand, unpubl. .l,rt. All animals were released
immediatley after handling at captur€ site.

Thrce helicopt€r suryers were conducted tom 0930.1200 with 4 observers (including the
pilot) * an pproximate speed of 16 km/br a an altitude of35 m from 15 t!4ay to 17 lvby
1993. Obsewers, q{c€pt for the pilot, rotated positioru between survels, ard at least I new
obs€rver was added aftei each fligtn. Ore observer on each side ofthe helicopter r€corded
dda for that side of tlle aircrafr Aerial surve,s covered all impoudnent and pond habitds
on the Ya*'key Mldlife Cflt€r. Only auigators seen irside inrpoundnrents w€re counte4
howwer, color-marked alligators seen ouside of in{nun&n€nts v/€re noted

A night-ligfu $ney, initiated I hour after suose! was conducted on 3 ditrerent nights
within I day ofthe last aerial srwey. Survels were takerl ftom the back ofa truck driven
on impoun&nent dikes, by 2 observos shining lights over the same habitals surveyed by
helicopter. All alligatoF seen wre recordd and ufien possiblg sized according to $out
length ard entq€d in 30 cm size classes. Unloro$n-sized alligators we[E apportioned into
size classes based on observed size stmcture of known-sized alligaton (Jennings et al. 1988).

Populatiol esthBtes of alligatoF >183 cm on the Yawicy Wildlife Center were
det€rmined fo! each a€rial sru.rey by Bailds binomial nndel @ailey 1952, Seber 1982:61):



- . -  t ' ( t ,+l)
N,=G;;

with an estimated sanpling variance given by

vadv)=
(n2+1)2(n2+2)

\aircre t, : population size for each snvey (r = 1,...,3), n, : number of color-marked
alligators in tlte populadorl n2 = total n'q'b€r of alligaton sighte4 and m, : number of color-
mEked alligatoF sighted We pooled m, ard n, to deternine arr'erage population size (,t)
and vaianc€ (v6(1i)) over the 3 helicopa srwels. Night-light $uvsys of alligaton >183
c1n ]vere comparEd to population estinates to determine the proportion of alligators seen
during night-light surveys:

with an estimated sampling vaiancr given by:

u-,o - s? ( valS - wnD l.^?r | \  
s,  f i ,  )

^s

where P : pro!'ortion of alligaton seen dudng night-light surveys and i : mean number of
alligatoF >83 cm counted during 3 night-light surv€ys.

RESI]LTS

Forty-foln (44) alligatoG )183 crn were color-marked and released (Fig. 2). popularion
estimates and the nurnber of alligaton >l83 cm observed during night-light surve!,s arc lisled
in Table l. NCan esttnated populalion size of altigaton )83 crn on impounded wetlards of
the Yawkey Wildlife Certa vas 242 + 30 (SE). The mean prolprtion oi alligatoF >183 cm
obs€rved during night-light surveys of impounded wdlands was 9.09 + 3.52 (SF)%.
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Yawl(._v wildlifc CanE
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305+

Table I Res'rlts of hel'copkr h^king su1€vs ard nidr sportighr counrs of > I 83 cm airrearols on ya*t fl wildtife cenrer inMav rqj M.r'(-r€s'Ehr popladon esdmaEs lor Baitevs 6l'rEto. ar€ pltssl|ld wirh d,;ar.d p€rcarage ofaligaroE s.mduing ni8hr spotlighr cltll|ts.

15 N4ay lm

l6lvlay 103

lT lvtly 90

i

42 t6 250l ' /

a 9 218 +43

42 tS 239 + 53

15 i\ray

lT Itay

lE May

29

23

l 3

2242 t 30 9.09
(2.05 - 16.13)
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DISCUSSIOII

Night-light surveys conducted tom a vehicle ttsveling on p€rirneter dikes are the cunent
teclnique used to monitor alligator Fpulation tends on inporurdment habitats in South
Caolina However, a goposed quota-basd private lands alligator harvest prograrn prompted
dle n€ed to bc able to estimae alligator populaion size efficiently and etrectively. Because
nightJight surveys were being used or irnpoundmaf habitats in South Carolin4 our objective
was io d€termine what proponion ofthe €stinated populaion was obeerved by ctlrrent night-
light stwey techniques. It uas not in the scope of this study to examine biases associated
with nightJight surueys, rather, we wanted to ensure that the na*-resight population estimate
was valid so that we may calibrate our night-light surveys (with their associared biases) on a
sormd approximation of population size.

The validity of Bailds estinaror ir based on the following assumptioru: (l) the
population is clos€d to additions &ft&s or irunigrarts) and deletions (dea$s or emigrants),
(2) all animals ae equally likely to be caphned in each sample, and (3) marl$ arc not lost
and are not overlooked by the ob'server.

To mimic a closed population, w€ limited our study to a 14-day period on irnpoundment
habitats oftlrc Yawkey Wildlife Cer$er. ln a discussion of the weakened closed population
assrption, Pollock et al. (1990) stated tlrc natue of deletions and/or additiors of animnls
determines for *ttich sanple the populaion estimate is ralid Becaue we have no
infonnation ort movenents and we feel that some movement of allimbn in and out of
inFoundmeds was possible during the sudy period. we concluded 

-0rat 
our popul*ion

estimate \aas valid at the time of tle first sanple (r]a*ing pedod).

Worjdward and Linda (193) hlpothesized that caph.!€ and aErial sighting probabilities
may vary among ditrerent size classes of alligaron and, posibly, among individual alligators
within size classes. Because we rccapturcd alligators with an independent technique and saw
no avoidance ofthe helicopter by either narked or unmaked alligaton, we sunnised that
th€r€ \4as no trap response. Furtlrerrnore, we deterrnined that capture probabilities were
homogmeous because the pmportion ofnarked alligton resighted among size classes did
not vary wherl pool€d over arrial sunreys (Rhodes ard Wilkirsorl data from this srudy). As a
r6ult, we believe that we did not violde assumption (2).

We concluded that we met assumption (3) as well. Even though our marking technique
(paint) was terryorey, tag loss in our s.tudy was nonoristent becar:se we completed our sudy
in a strcrt time period (14 days) ad we saw no widsnc€ of mark loss tom alligato$
recaptured as late as the laS day of rnarking Studies condrcted in Florida (Woodwar4
upubl. .1,t, delermined that alligaton mark€d in rhis fashion were visible up to 25 dals
aft€r marking Additionallt marl(s werE small enough to elsrue that the alligators $ere seen
first, and the marks were sufficieritly large to safeguard against being overlooked.

Badmann et al. (1987) beliwed that more confidencr could be placed in r€sults &tren
rEpeared surveys arc combined into I popularion estimare (as war tlle cas€ in oul study);
howev€r, Rice ard l{arder (l9m wamed that a€rial samples should be independent with



respect to day, timg and observen. A lack ofcompliance with independence will cause
negative bias in varianc€ estirnates, but will not bias ti if capture probabilities are equal for
all animals @ice and tl:lcrl- 1977). During our sudy, surveys were flown on ditrerint days
wrh obs€rvers rotating positions and at least I new observer w?s added on each sr:nrey. Due
to timing of alligdor bmking activity we could not conduct srweys ar ditreEnt times of the
day, howwer, we did begin $lrveys at \,"rious locations.

The proportion ofthe estirnded population 2183 crn detected with nightJight suwe,vs uas
9.097o We observed substantially less than Mryhy (l9Z) and Brandt (1989) sighted (3G
357") during their woft on Par Pond, Sar"nnah Riv€r Plant, Soudr Carcfina We believe *rat
the open \rat€r habitat. the use of a slow-moving boa! and the inclusion of alligaton <183
cm increased the sighting probability of alligaron they sarnpled Our results are conrparable
to lh€ results of Woodwad and Linda (1993) for Florida altigaron occuning in vegetated lake
habitats that rEsenble impound€d w€tlands in Souh Carclina Although they included
alligaton 47, cm in their study, we feel that had we included that segnEnt of the population
in our investigation results would have b€€n similar,

- Or preliminary-examination of night-light surveJs as a populatiol estirnation technique
for unpoundmenr habitats proved encouraging, Our greatest concern is that the percentagl of
alligaton obs€rved may vary by location due to diferences in impomdment habitat rypgs.
Pvding financial approval, an analysis oftlnt hpothesis is slated for the spring of l9%.
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A Walk-Throuqh Snare Desiqn
For  The  L i ve  Ca ; tu re  O f  a l l i i a to rs .

T rad i t i ona l l y ,  a l l i gaEors  have  been  l i ve  cap ru red  Ls ing  a
spotl ighE and pole s[are (Chabreck 1963), baited tr ip snare (Murphy
e t .  a l . ) ,  L rede l  t ra i f  E rap  (Mazzo t t i  and  B rad t  198B) ,  ha rpooo
(woodward and David 1993), and weighted treble hook (Rhodes and

Wi l k inson  1994  )  .
A  s imp l i f i ed  ve rs ion  o f  t he  MazzoE. t i  t r ede l  L ra i l  E rap  was

developed for the l ive-capture of al l igators during al l igator mark-
res igh t  s tud ies  conduc ted  i n  sou th  Caro l i na  (1993-94 ) ,  and  l aEer
implemented to capcure nesting female al l igators at Lake Apopka and
Lake woodruff, Florida.

A hraLk-through trap consists of two approximately 3cm (1.2s
inch )  x  3c rn  x  80cm (32  i nchs )  \ , r ooden  s takes  w i th  a  1 .25cm ( .50
inch) 'r ide x 1.6cm (5/8 inch) deep V-shaped gloove routed
longitudinally along the center of one side of each stake. A 2.0
cn (.75 inch) notch across one end (t.op) of the sEake joins the V
groove .  A  .32cm (7 /8  i nch )  ho le  h 'as  d r i l l ed  th rough  the  V -g roove
from the side of the stake .32cm from the edge at the center of the
stake. Two addit ional holes were dri l led locm (4 inches) on elEner
srde of the center ho]e. Suff i-cient space behind each hole was
allowed in the groove to accommodate a #2 snare cable. The bottom
of Ehe stakea were pointed to ease instal lat ion irr^ -?^,,nn
(  F igu re  1 )

' F r . F  D l  : - a m a h t s

Traps were placed on lecently used traifs. Two scaKes were
driven approximately locm (4 inches) deep on either side of an
ac t IVe  c ra i l .  Top  l enc l s  w j .Lh  cu t  Eh rough  no rch r  o f  Ehe  sEakes
i:ouched at appa'oximately 50 degrees above the trai l .  V grooves
fac ing  each  o the r .  A  #2 -182cm (72  i nch )  sna re  r4 /as  fooped  to  a
diameter suff lcient for the head of an intended al l igator to pass
through, but noE its legs. The loop was posit ioned in both V-
grooves and secured in pl-ace with a fragile green Lwig or grass
stsem passed through holes in each stake. The snare lock kras
poait ioned near the apex of Ehe 60 degree angle. The end of the
snare was secured suff iciently to insure the snare would draw t ight
when gelrt ly puIled. A rope secured to the end of the snare was
t i ed  Lo  ho ld  Ehe  a lL igaE .o r  (F igu re  1 ) .

The snare was adju6ted for different size al l igators by
adjuating the diamet.er of the snare loop and its distance from the
ground. Fo! example, a Lat.ger diamete! loop posit i .oned abouE 10 cln
above Ehe gtound for larger al l igators and smal_1er dtameter
pos iE ioned  nea r  E .he  g round  fo r  sma l l e r  a l l i 9aco rs .
P t e r , l  r e  : r d  n i  c ^ , ' c c i  ^ ^

T n r e r 6 r F t : r i d n  ^ f  f  i a l . l  c i d h  ^ f  . l l i d > r ^ r

lmporEant to t! !e succes6 of Ehe walk-through capture meChod.
Capture was most succeesful r{rhen alf igator movements were
pledictable. Traps were placed at basking haulouts, levee
crossovers, trai- ls leading between guard hoLes and open watser, and



I n  May  1994 ,  f o rey -seven  a l l i ga to rs  :  1 .22 rn  were  cap tu red  rn
south carol ina during a seven day perlod for mark-resight studies.
Thlee capture methods were employed: baited tr ip snare, eTeighted
treble hook, and walk-through snare. Twelve (25.5?) al l- igatols
1 .91  Eo  3 .73m were  cap tu red  i n  wa lk - th ru  sna res .  Da i l y  c rapp ing
success  fo r  t h i s  me thod  was  1 .9& .  I n  l a te  i f une  and  ea r l yJu l y  1994 ,
f i f teen female al l igators r{rere captured at nest sites on Lakes
Apopka and woodruff, Florida during ei.ght nights of t lapplng. The
nulber of traps per night was not recorded, however sets/nighc
varied from 5 to 18 and trap success was estimated at about 10?.

Trap specif icaEions are approximate and may be var: ied
considerably. Earl ier de6igns were constructsed from reeds t ied
Eogether with thread acloss an actj .ve trai l  which supported the
snare loop. Our design evolved because potential trap locations
Iacked suitable vegetation for on site trap construction.

LITERATURE CITED
Chabeck, R.H. 1963 Methods of capturing, narking and sexing

a l l i gaLo rs .  P roc .  A I rn .  Con f .  S .E .  Assoc .  Game and  F tsh
Comm. I '7 :4'7 - 50 .

Mazzo t t ! ,  F . J .  and  L .A .  B rand t .  1988 .  A  me thod  o f  l i ve - t rapp lng
wary  c rocod i l es .  He rpe to l .  Rev .  19 :40 -41 .

Murphy ,  T . ,  P .  w j . l k i nson ,  J .  Coke r ,  and  M.  Hudson .  The  a l l i ga to r
tr ip €naie: A l ive capture method. South Carolina W11dlife
and  Mar ine  Resour .  Depc . ,  Co lumb ia .  (unpub l .  b rochu reJ .

Rhodes ,  W.8 . ,  P .  w i l k i nson .  1994 .  A I l i ga to r  n igh t - I i ghE  su rveys
of impoundmenE habitats in Coastal South Catol ina- a pre.I iminary
va l i daE ion .  12 th  work ing  mee t ing  c roc .  spec .  g roup . ,  pa tLaya ,
?ha i l and .  ( i n  p rees  )  .

Woodward ,  A .R . ,  D .N .  Dav id .  1993 .  P reven t i on  and  conc ro l  o f
w i l d l r f e  damage .  I ns t i Lu te  o f  Ag r i cu l cu re  and  Na tu raL  Resour -
Un ive rs i t y  o f  Nebraska -L inco ln .  ( i n  p ress )  .

Phil ip U- Wilkinson
South Carofina Department of Natural Resources
Sta! Route I, Box 226
Geor . se t .own ,  S .  C .  29440 .

15



o ) !  a

E.d  a)

3 . d
€ ' !

o

o,
l{

{)

!o

.!
ul

Cn.{

o<
CJ
o q
q)
| { (u
( ! t r

u ) !

d ru
oo

t " !  0 t
- ,  oo
x o .s'1
4 t  Ea

u,
t d )

F



STATUS OF CROCODYLUS
IN PAPUA TEW GUII{BA,

POPOSUS ATID CROCODYLUS OVAEGUINEAE POPULATION
1981 - 199,(

Goatflid Castillo Solnu

Species llanageneDt Branch
Departnent of BEvilonfient
P .O .Box  6501
Soroko
tratioual Capital Di6tl ict
Papua llew Guinea

atrd CoDEelvatioD

A paper prepare<l fo! the 12th notkiDg neeting of the Crocodile
Specialj.at group of IUCI|/SSC conveDeal at Pattaya - thailand.

2nal - 6th Hay, 1994

n



STATUS OT CROCODYLUS PO.RO^SUS AIID C.
PAPUA tIEw GUIIBA: 1981 - 1994

1.0 II iTRODUCTIOT

Papua New cuinea has been dubbed the
Expec ted r ' .  I t  i s  a  l a rge  i s l and  w i th
Ktn2 and a populati .on of 3.7 nj.I l ion
Of f  j . ce ,  1990)  w j . t h  h igh  moun ta ins ,
inpenetrable swamps.

ITOVAECU I IlRAE POPULATIOIS III

l and  o f  t he  "Expec t  t he  Un-
a  to ta l  l and  a tea  o f  462 ,840
people ( l lat j .onal Statist ical

v i rg j . n  f o les ts  and  v ] . r t ua l  I y

It i6 also fortunate to have a Natj.onal Constitut ion, with one of
i ts f ive stated national qoals comnj.tted to consetvation of the
environnent. This GoaI states that the rnaxinum ben€fits derivod
fron commercial exploitat ion should be dj.rected towalds the
rosource owners and that wild harvests be graduatly scaled down by
the developnent of ranch€s and to ensure that the goal of
sus ta inab le  y ie ld  ha rves ts  i s  on  a  l ong  te rm bas j . s  (Ho l Iands ,
1984  )  .

The signif i .cance of the speci.es has been the contnercial ! !ade of
tbeir skins which has been going o!! fot the last six decades. The
fo re ign  ea ln lngs  to  pNG as  a  deve lop ing  coun t t y  i s  o f  s i gn i f i cance ,
and the resource requires attention in conservation aod nanagement
s t ra teg ies  f ron  bo th  the  gove rnmen t  and  the  i ndus t r y .

Pap \ i a  New eu inea  (PNG)  has  two  spec ies  o f  c rocod i - l es ,  C rocodv lus
po rosus  { the  saL twa te r  o !  es tua r ine  c rocod j . I e )  and  the  Crocodv lus
novaeourpeae  .  ( t he  New Gu i .nea  f l esh  ! {a te r  c rocod i l e  )  .  The
approxitnate distr ibutiob of these two species i .s show[ in f igule 1.
Both the PNG species are l" isted on Appendix II  of CITES.

thi.s paper p!esents arr update of aerial sulvey resul!s anal data
!elating to the IUCN, Clocodile Special ist croup l, teeting fron data
preaeoted in the €arl ier working meetings of the CSG and that i t  j-s
4ot intended to ful1y describe the already exte[sive Crocod.i le
ManagemeDt Progranme in the country but as an update to the leports
on the crocodile population status submitted to the group at each
work ing  hee t i ng .
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2.0 BXPLOITATIOI' Al{D TRADE

I t  is a govelnnent policy to al low for the naximum use of the
Crocodil€ resource by the vi l lage people (resoulce owners ) ,
consistent with the clocodile populations being able to susrau rne
harvests on a continued basls.
The bulk of the harv€sts ha6 always been ald ia straight nuherj.cai
terns continues to be the direct hultt ing of crocodiles from th€
nild for their ski.ns, add P c 6ti11 f iaintains a stable 1evel o:
expo r t s  ( i . e .  sk ins ) ,  f o r  t he  pe r iods  1992  and  1993  (Tab Ie  1  anC
!' igure 2, 2a and 2b)-

A1though, the local law gj.ves a landoirner the right to ki l l  anl
crocodiLe on his land (tradit j .onal expLoitation has always been for
tood) their coinnercial hunting is l imited to rr i lhin certaln slze
l inits by l icensing laws under the Crocodile Trade (protection)
Ac t ,  Chap te !  213  wh ich  became e f fec t j . ve  i n  1975  !€s t r i c t i nq  l i n i t s
otl  tradeable skins. These sizes incLudes an uppe! l imit of 51cm to
giv€ sohe degree of protecti .o! to the breeding stock, anci the Lower
Iimit of 18 cn to prevent the needless ki l l i .ng of large numbe! of
animals too small to give a cohmercial. value skin. The lgcm ]imits
re6 t ! i c teg  fo !  e rpo r t s  becane  e f fec t i ve  i n  1981  (Tab le  2  and  F igu re
3 ) .

One of t l le governments involvenent in tbe industry j ,s to encourage
the  deve lopnen t  o f  t be  c tocod i l e  i a rns  (Ho l l ands ,  1985 ,  19gC) .
Altbough a smal1 amount of realing takes place in vi l lage !arns rne
nalority of vi l lage falmers depend on the novement of l ive
crocodiLes to the larger r.elf  olgal ised ranihes which have readrly
abundant access feed. The successful development of ranchrng tc
date i .s shown rn Table 3.

3.0 POPULATIOII TRBIfDS

B o t h  s p e c i e s  o f  c r o c o d i l e s  a r e  w i d e l y  d i s t r i . b u t e d  ( F r g u r e  L  J
thloLlghout PNG Mainland, i r i tb g= Egfggui also preseni on the lalgel
offshore is lands of l {ew Eri tain,  I {ee/ I r€1and, Manus and the l{ort :1
S o I o n o n s .

This range includes extensive a!eas of dense swamps, l rhich togethe!
l ,v i th the dj ,stance and poor communj,cat ion sysleBs makes surveys Do..11
d i f f i c u l t  a n d  v e r y  e x p e n s i v e .
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Figure 2a : Export of Crocodylus novaeguineae Sk!1EaII9:-EZ:,PL
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Figure 2b : Export of Crocodylus porosus skins from PNG, 1977 - '1993
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Figure 3: Crocodile harv€sts by species in Papua New Guinea
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Por this purpos€ th€ pl ime objectj .ve of the l{at ionaf Clocodile
Managenent Unj.t (NCHU) of th€ D€paltnent of Elrvironment and
Codservati.olt  (DEC) is the population monitoring proglaiune, whj.ch is
not an attenpt for a ful l  invsntoly of the population size, but to
id€ntify the undelLying trends result inq f lon the current
mana9etre!tt.

3.1 Aelial survevs

On the above note regular aerial nest counts sulveys have been
carried out for the Last thirteelt (13) years sj.nce 1981, in a
nunbe! of sites al.ong the fLood plains of the Sepj.k l iver slstems
in the north of the couDtry, a!! area which produces nore than half
of the l ive aninals (stock) fo! ranchj.ng and colt l ibutes up to 40t
of the wild skin exports fron PNG. It i .s anti.cipated that an extla
safeguard for th€ industly is buil t  in by basing the mooitori! !g
surv€ys j.n one of the heavily crocodiLe uti l ised areas and that the
goals of monitori. ! tg natulal animal popul-ations can be genelal1y
expresaed in telms of populatj .on leve1s and, in the case of
exploited populatio[s, the barvested ].eveLs, Vith lespect to
population size, nanag€ment efforts can be dirocted at one of the
th ree  poss j .b l€  goa1s .

1 .  I nc rease  the  s i ze  o f  des i rabLe  popu la t i on  tha t  a re  e i t he r
decliniog o! pelsist ing at low levels.

2 .  l , l a i n ta in ing  the  s i ze  o f
des i . rab le  Ieve l s .

Popul.ations observed to be

3. Decreasing th€ size of populations fo! whicb populations
d6nsit ies are observed to be undesj.rably hiqh,

For exploited populatiotrs as i t  is in Papua l{ew Guinea above
goal.s nust be consideled j.n conjunction ir i th the addit j .onal
goa l  o f

4. Maj.ntaining populati .on LeveIs consistent with comrnerciaL or
l ec rea t i ona l  i n t6 !es ts .
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3.2 t le6t iDq IDdi.ces: 1992 - 199,t

the 1994 re;ort presentsd th€ popuLatron nesti.ng j .ndices for the
period October 1981 to arch 1994. previous repolt5 to the CSG have
detai lod the nethods used in the nest surveyE alrd that this repolt
fol lorrs basi.cal ly th6 sane methods aod hav6 not beeo altered i.n the
laEt rounda of sulveys.

tbe surveys are conducted on a set of identical routes that ale
sel€cted that gives a represeBtative nj.x of habitats and hu!!t ing
pressures in the area. The surveys ale conduct€d just afte! the
peak desting p€riods of each species each y6ar alrd that th€ data
collected ale analysed to date using the rnethods developed by
rol l ,ands (Hollands, 1984 ) .

For the purpose of this heeting calcui.ated results of the annual
nesti.ng t.rends for each species rrhich i .s ptesented i.n TabLe 4,
excludes the rar| data and the detai.Is of the data anaLlsj.s. A
graphic repr€sentation of the habitat-wei.ghled nesting lndj.ces fo!
each sp€cies ( lable 4) j .6 presenled in Sigule 4.

The nest nunbet6 for gj porosus hav€ shotn a alecl i t le ftom 1992
(15? )  t o  1993  (146 )  ( i . e .  7 .01 )  and  a  f u r t h€ r  d rop  o f  12 .3 i  i n  1994
(128). Even *j. th the decline the nesting index shor,rs the indices to
be  6 t i l l  w€ l . l  above  the  i nd i ca to ! - l eve l  o f  100  ( the  i n i t i a l  su rvey
va lue  se t  i n  March  1982)  (F j . gu re  4 ) .  I n  genera l  t he  ove ta lL  t ! end
would indicate a stabl.e population. Ther€ have beeD periodic
al€stluction, loss of nesting habitat lhrough burnidgs during
excessive dly seasons and f looding durj.nq ext6nded wet sea6o!!s
since 1986 and that f luctuation in the n€stiog j.ndex which cao be
att! ibuted

lh€ g: novaeouineae j,n contrast i l rdicated a f luctuating trend. The
situation is some what hore conpLi.cated (thalr 93 p0rosu6 which
prefers open eltvironnent ) where l imits are ihposed by habi.tats
l, .hich are h6avily vegetated. fhe use of a€!iaL surveys {helicopte!)
on neat counts is indirect io that the technj.que nonitors the
nunbe! of nests per sulvey and not the populatiolr per survey
( Genol.agani /Wi Lmot 1988), l toweve!, j . t  is knoirn fron other
coltdj.t ions that a highLy variable, and unknown proport ion of
females breed each year.
For g: l lovaeouineae thele iras
(1OB)  by  26 .8 ,  however  th6 re  was
(79 )  by  21 .5 i

a  dec l i . ne  i n  1992  (  ?9  )  f r om 1991
an  lnc iease  i n  1993  (96 )  f rom 1992
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Do note even there was a decLine of 4t for the calcuLated value of
1993  (95 )  be low  the  l eve l  o f  100  i n i t i a l  va lue  se t  i n  oc tobe r  1981 ,
the  annua l  nes t i ng  dec l i ne  o f  0 .30 i  ove r  t he  th i r t een th  yea r  pe r iod
could presunably as a result of a lover pelcentage of fenales
breedi.ng as a !esult of a yet unknown environmental patameters.

the f luctuating trend as indicated by the nestj.ng i .ndex j,s stable
in such a heavj. ly exploited population i t  would seem that both
species of crocodilos are responding rrelI to changos ln cropprng
and management, and that the future looks sound for both the
crocodile population aDd the lural populations rrho ale dependent on
them as thej.!  inajor soutce of incotne,

3.3 Potential of ploqranrne expan6ion

It !s highly reconunended that DEc and Ncl,tu inject j-n more fundj.ng
priority fo! tbe continuance of the ae!ia1 nesting surveys. In
order to resolve uncertainty that the Sepik counts may Dot be
indj.cative of sub-population t lends in otber habitats or r€9ions of
the country, the ploglamme should be expanded to addit lonal
leplesentative areas. Howeve!, our knor,vledqe of habj,tat types and
a!eas is inconplete to €mp1oy the satne method used in the Sepih
f l ood  p la in .

One  o f  t he  sys tems  tha t  mer i t s  h ighes t  p ! i o r i t y  f o !  t he  nes t6
counts surveys was the adjoining Ramu System. The inj. t iaL surveys
done in Ranu was in octobe! !992 for the g- novaequineae and March
1993  fo r  t he  g=  po rosus  ( l ab le  5  and  F igu re  5 ) .

The g= novaeouineae survey in 1992 recorded a total of twe.Ive nests
of which six are sighted on the ove! grown channels and a further
six sighted on the over grown oxbows. The q= pgIlSlE su!veI
recorded a total of sevel nests frorn the three sites surveyted, and
a l l  a re  s igb ted  on  the  sc ro l l s .

The above nests tabufated are given the stlaight counts, and that
no habitat weighting a!e used, Due to the given envilonnental
condit ions whi.cb appear much the Bame as the Sepik system, sane
habltat i{eighting could be adopted for use in Ranu system. However
that needs to be a6certained by doing fol low up ground lrork to
determine i.ndi.vidual habj.tat lreighting. Surveys of Ramu system nil1
be conducted bi-annually.
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(s)

Slte

Tabl€ 5: Raw data of Ramu Rlver oeds couf s, PNG. 1992 - 1903

Crocodylu! novaolulnaao Octob€r,'1992

Adlve Ng!t! Habltai lype

Lk Fr scroll Ov. ox. Ov. Bd!

6Ea6t Wengabu
West Wengabu
Keram
Oi€m
Quiaga
Attombl6
Kerangum

Tol€l

2
1

0
0
2
1

0

6

(b) Crocodylu! pororus March. t993

Slte Adlv€ Nortr

Zanung Scroll
East W€ngabu
West Wengabu Lake

Tot l

Habltat lyp€

Scroll Ov. c)( . Brl8

7

LK FT

0
7
o

Noweightings foreach sub-habital has yet been deteamined, howevealhe breakctown
i6 adopted from lhe Sepik Region due to its ctose proximity to the system
Both species are suryeyed biannually
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3-4 lf i ld 8qo Ealvests

the othe! nonitoring para![Ete! t , .hj.ch is conducted j.n conjuDction
rri th the aerial nests counts aurveys is the wild egg halvests.
Since its inceptj.on in 1985 for e: porosus and 1988 fo! g:
rrovaeouineae th€ activity has net xith nj.xed responses and that
contj,Bued foLlow up meetings with the landowlters (nest ownels ) to
get then to agree to protect their n€sts and have a cettain
Percentage harvest€d.

With lenewed c1ain6 by land owDers after the 1990 harvests that the
activity is detrinelttaL in that wild stock wilI  decl j .n€, the
governm€nt ext€nsion off ice!s agaj.n had congul.tat i .ve neetings with
the n€st ov.ners and that j . t  lras agreed betlr€en the nest o\dners and
the govelnment off icers to have the balvests done bi-anDual1y
s ta r t i ng  Xarch ,  1994 .

It is assuned that lr i th tbi6 t! i .a1 in place, the monitoring of l ive
animals (harvested) for sal.es from the area can th€n be assessed
after 12 nonths and conduct of regulat r€plj .cate night counts of
areas in which the egg trarvest lras done to detelmine if  the e99
harvest is possibly detrirnental to the declin€ iD wild stock.
However, such a tr iaL needs to be enployed ove! a period of t ime to
give a broader assossnent of i ts val idity and hence to enable tbe
progranne to either contj. !ue, expanded or dropped.

In contrast the inportaDt features of the lr i ld egg barvesting
progaamme is in providing j.ndirect and di lect data on sone aspects
of biology and raises nole topicB fo! f ield resealch for both
spec ies  (Cox  e t  a f .  ! 989 ,  conoLagan i  e t  a l .  1990 ) .  Some ihpo r tan t
infornation obtaiDed to date has been on €vidence of recrui.t tnent
into the ! ' i ld popufations. This has been through cornparative mean
cfutch sizes and f ield visual size estimatiol l  of si.ze attendant
nes t i ng  fena l€s  ( cox  e t  a . l ,  1989 ,  ceno lagan j .  € t  aJ ,  1990) ,

With ths i .nt loduction of the on boald carmiD GpS systeh in tbe g-
porosus March 1994 D€st counts sulvey? j. t  has proved colrvenient in
tttat i t  inploves the po6it j .on of strean I iding conduct of egg
halvest by relocating, drop and r6tt ieval of eggs from survey sites
after survey counts ale compl.eted dal6 Later. AIt nests si,ghted are
pfotted and given cPS nunbers, and that j .ncludes Dest nunbers by
s i t€s  w i th  abb rev ia t i on  fo !  ease  o f  da ta  anaLys i s  (  Tab le  6  )  .
Perhaps the most inportant use of GPS technology nay ptove to be
unv€il iDg of Long terin nesting patterlts for individual survey sites
wh ich  cou ld  ass i s t  managem€n t  e f fo r t s .
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3.5 otber Honitoripo acti 'vi t i6s

In aleas whele the habitats nake aerial nest counts in_eff icient

other tnonitoring t€chniques are being conducted on a periodic

baais. these i,ncludes (gollands 79A2 ' 79841;

a )

b )

t{ight spotting ard
Westeln, _ l{orthern,
Islands Province6.

tagging surv€Ys in the CentlaL, Culf,

Uorobe, Hadang, East and West sePik and

Exarnining "catch per unit effortrr (c?uE)

conducting vi l1ag€ j.nte!v1ews

d) Day couots

The niqht counts nethotl of direct counting aninals by reflectioD of

a spotl ight, has be€n aPPlied to poPul'at ion surv€Ys aDd monitorLng

of crocodil€s j . ! !  othe! count! ies. gow€ver, Pl{Gs Prohibi.t ively thick

tlopical s{atnPs which characterise nost crocodile habitats iavou!s

io part icular tbe 93 novaeouineae. It  lenain6 so as a result of

thei! inaccessibi 1i tY .

l lor,ever, the night counts n€thods aPPears tnore aPPlopliate io! the

g, porosus population as aninals are noae conflDed to open bodies

of water anil  hence available fo! observer contact These habi-ta!s

are the tYpi.cal t j .daI aiver systems featuring Rangrove-nipa

associatj .ons, Iarge rivers, Iakes and lagooDs which comP!ises an

ialeaL combination of feeding, [esting and nursely grouods '

The t lay counts thich provides an altornative method of direct

counting clocodj.Ies *hich \ras developed for the Fonitoring of q=

pelgglg popuLatioo in l{ortheln Austral ' ia (BaYliss 1985) with the

use ot a helicopte! to Periodical ly count clocodil€s on nud f lats

at low t ide along selecteal sj ' tes ot t ldal l iver sYstens'

In Papua New Guinea, the mothod aPpeals topoglaPhicalty apProPriate

in the coastal Gulf Provj.nce. The area i5 prina!i lY a conplex

network oI t idal. nangiove-nipa swamps \rblch continuos to plovide a

signif icant anount of saltwate! crocodi. le€. The Possible dra back

of the day counts nethod may tesult f lom v.ariness of aduft

clocodi1e6 in the area unlike the uohunted PoPufatlons of l lorlhern

lEr! i tory, eulf Province animals aae under f luctuating deg!ees of

huntidg pressure6. Thus, lbere is oaly one etay to reallY €stablish

the  su i tab i l i tY  o f  t be  ne thod ,  and  tha t  j ' s  t o  t l y  i t  ou t  ( t es t ) .

9



Raw data for val ious surveys
analysis, horever anoth6!
applopriat€ nethods to have
vari.ous sulvey activit ies,

thlough out Pl{G are being compil€d for
major task h6r€ is to identify

the accunulated data analysed fron th6

4.0 lppolts apd Narufacturinq

connerciaL i.nports of crocodil iau products to Pl{G is cutrently
l inite-d, although tbe probLem of 'r look al ikesl in tt le retai l  ma!!.et
has not b€€n studied.

Pl{G tradit ional.Iy has always been alr exportef of raw wet saLted
skins fo! comnelcial t lade. l{on-conmelciaL use of nanufactured PtlG
products have beell  conducted out of the country f lotn raw skins
expolted and then re-i.mported aa tanned skj.ns and re-exported for
manufacturing. The f iDisbed products eg: va1l.ets, b€lts, briefcases
are theo !e-imported. In thj.s process the nanagenent levy only
applies to the raw skins.

In 1991 down-6tream processing of law nate!ial.s withiD Pl{G was one
of the najor policies announced, lhe crocodile industly was one of
the talgets. Io 1992 a Tannely was established in Port t lolesby by
the Poksy Enterprises lahich trades now as PNG Fine Leathers to
produce Leather f!on repti les {c!ocodil€s), f ish ( ba!ranultdi ) and
bj.rds (cassowaly). The Tannery cane into operation in 1993. The
impact of this neu deveLopnent on the PNG raw aki.n6 i.ndustly has
not been studied as well as fulther down stream processing by Local
manuiacturers to uti l ia6 ta[oed skins for f inished products, There
are no.loca! nanufacturers j . ! t  Pl{c deal, j .dg in crocodj. le skins.
Snal1 consignments culrentLy tanned aie bas!ca11y expolted as rtshow
pieces" (Tab1e 7). AIL ra1{ skins acquired by the Taonery are
inspected al ld tagged p!ior to tanning. Marking procedutes for
monitoring of speci.es in trade accordj.ng to CIIES lequirements are
curlent1y be6r! estabf isheal.

The poLicy ou dorrdstlean processing of ctocodile !a!, skins and by
p!oducts in associati .on with the nanufacturi! !g !! !dustry have not
b€en studi,ed careful ly ada \rarrant ulgent deLiberations (cenolagani
&  So1mu,  1993  )  .
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5.0 eQ!g!Ilg!o!

PIc is fortunate in tho ci lcutlstances of i ts Crocodile Managenent

Plogramme. There ale some tactors r.hich operate in favour of the

tf i lal clocotl i le Populations, but for the same reasons they pr€sent a

severe Practical probLems when it  cones to effective and accurate

monitoring work.

H€aD while the nationaL Poljcy and accompanying proglams which ltork

towartls the goal of sustainabLe yield harvest on a loltg term basis

i.s bsing reaLised antl exPloi.tat j .on is b€ing control '1ed {i th a lot

mo!e enpbasts t leealeal on enfo!cement of !egulations' Ranctt ing has

alevetoped to a higher degree to enabl '€ graduat shift  in nifd skios'

Tbe data presenled is signif icant in that i t  t l lonj ' tors the exPort

skins in terms of quantj ' ty, qualj ' tY and siz€s Jor the intelnational

trade. The amendments to the Crocodile Trade (Prot€ctj 'on) Act needs

to be cl i t ica11y leview€il to cater for the change3 j 'n tbe industly

and that monj.toring programs keep the nanagement PoIicy better

tuned to tbe ProductivitY of the resource.

the geo€ral trend in conmercial e:aPl'oitat i .on ove! the last thj l teen

years aPpear not !o have detri tnental inPacts by tbe data preseoted

on the 5tatu6 of the wild PoPulations of both sPeci 'es' The g=

pqf-e-EttC is 5ti1l above the set level whilst the f luctuatj 'ng g=

novaeouineae Leve1s oeed more t ield studies. fhe Plesent data of e:

trovaeouineae consj,ale!s the sPecies to be safe as t luch of the in

accessible habitals are Dot surveyed and hold ultaccounted stocLs'

Pnc does not have a Proglamme which is biological ly eff icient as is

being acbieved j.n sone countries but each yea! lef i 'nenents and
j.nprovements can be nade as managenent is nudged in the rlgh!

t l i lection. However, one of the nonitoring constlaios for NCMU is

manpower shortage, expert i .se and resources to successfulLy

implehent the ptogranme.

The current levsls of both sp6cies is considered safe thus

achieving the goals of "CITESI i .n consorvation atld nanagement of

viabLe populati .ons aod that theY b€ rnaintaj.n€d in APPendix II  of

C ITES.
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simrlation Lodel for optimum harvest of spectacLed
cainan (Cailla,t ctocodllusl, in Venezuela.

ve lasco1,  A ;  R.  Mo l ine t2  &  E.  Kre in2
1) selviclo Aut6nomo PRoFAUNA, Edf. Canejo' Entrada Oes!e, Mezzanina,

calacas 1010,  venezuela,
2) Universidad sir6n aolivar. Dpto. Estudios Anbienta]es,

AP 89000,  Caracas,  Venezuela.

The Proqrar.dde of coNnercial Earwest of spectacled caimn (cajrat
ctacodihs) has been performed in venezuela sidce 1983 thlough which
on. Iy  adul ts  Mtes,  g leater  than 1.80 m in tota l  lenqth (c lass IV) ,  a le

Al.tirough this ploglame hawe had an extensive scientific
backglound, thele have been fes studies oD abundance, population glowth
and s lnrcture subject  to  harvest ,  and assessment  of  sk in s izes obtatned
fron halwested aninats, arcDgst others.

sei jas {1986) was the f i rs !  who provided dala on densi ty  and
popula!.!on slructu!e fron sixteen faltns at whele indlviclua.Ls fallrng
id lo c lass IV have been halwested s ince three yeals ago.  of  these
aspects, as rrell as capacily of halwest, a study !,.as carlied ou! by
velasco and Ayalzagi iena (1992) on some ecological  region,  enconpassing
g.eat  of  the lange o i  tb is  species.

only two Bimulatlon Rodels of crocodile-s populatr.on Gnagenent
have been so fa!  descl lbed to assess the ef fect  of  d i f fe lent  s t rategies
of halvest on the gathelirg, and the irpact on these popufation.

The nain ain of this study is to develop a nodel that detemnes
the ef fect  of  haiwest  on cainan-s natura l  populat ion,  aDd pledic t  the
nalvest  rnPact .

Mo&l of u.nrg@nt.

Based on a re.Lat ive st luctu ie of  s ize c lasses appl . icable to any
qeoqlaphic sca1e,  the node-I  is  character ized by being of  d isc lete
genelaEion and p ledic t iwe.  Ten assunpt ions det iBed to c ievelop i t  are as

1)  The popula l ion is  c losed,
2)  The recru i tdent  is  constant  fo !  each s ize c lass.
3)  Natu la1 nor taLi ty  a le coDstant  fo !  each s ize c lass.
4)  The harvest  takes p lace f lon Grch to apl i t .
5)  The nuhbe!  of  eqgs pe!  aest  has a naainu peak at  30.
6) tiactching egqs take place flon Dowenber to december.
?)  the populat ion consists  o!  four  s ize c lasses,  which were calegor ized
by Ayalzaquena (1983),
8)  c lasses I I ,  I I I  and Iv  a le cde up of  war ious cobol ts  each,
9) class Iv is lepiesented e:.clusiwely by nales.
10)  The rat io  of  c tes:  feMles at  c fasses I  and l I  is  1:1,  and at  c lass
I I I  2 0 - 4 0 ? : 8 0 - 6 0 9 .

The wal iables used a le the fo] toei .g:
I )  Pelcentage of  act ive ly  lep loduc! ive feru.es pe!  yed! .

10:t



2) Percer tage of  su lv iwal  at  the f i rs t  yea!
3)  Pelcenlage of  su lv iva l  at  c lasses I I ,  I I I
4) Pelcentage of individual nonlecruited fo!
5) Minnnun| aquatic surface.
5) Aquatic density of aniFls pe! hectare of
?)  The rat io  of  males: feDnales at  c lass I I I .
8)  Nurbe!  of  eggs pe!  nest .
9)  Harvest  pe!  s ize c lass,

ra.l.yri! |'rd Di.r9E ! of tbc Dd.l.

o1d.
and Iv .
each s ize cfass.

aquat ic  sur face.

Figure l shows the diagradnatic repleseDtation that i3 apPlied to
a population of caj.En.

Figu le  I .  D iag la l rE t ic  rcde l .

R ( I I )

P ( r1 )

(Rrv) ------------
I CL15S rr l---------->t CLI5S rrr l--------->l crA55 rv l---

I I I

v  c ( I I )
M n  ( I I )

I

v  c ( I I 1 )

l l

v  c ( rv )
! , t1( Iv)

R ( I 1 ) ,  R ( I I T )  y  R ( I v )  a l e  t h e  r e c r u i t m e n t  f r o n  e a c h  s i z e  c l a s s ;
P( I1) ,  P( I I I )  y  P( IV)  replesent  the f ract ion ot  ind iwiduals not
rec lu i ted f lon lhe next  c lass,  Mn(I I ) ,  ! tn( I l l )  y  Mn(Iv)  a le the natura l
m o l t a l i t y  f o !  e a c h  s i z e  c l a s s r  c ( l I ) ,  c ( I I I )  y  c ( I v )  a r e  t h e  h a r v e s l  f o r
each s ize c la55.

The equatron thaE calcutaEes lhe nun$er of  rndiv iduals pe.  s !ze
c l a s s  i s  d e f i n e d  a s  N i ( t + 1 ) =  R i ( t )  +  P t ( ! )  - l M n i ( t )  +  P i ( t ) 1 ,  e a c h
facto!  obta ined as fo l lo ! .s :

R I I ( t + 1 ) =  N I I I ( t )  *  ( t H R )  *  ( H N )  r  I 0 , 0 3 - ( 0 , 0 3 / A  +  D E l r )  *  P t l
R l l I  { t + 1 ) =  N I i ( t )  *  ( g R I I I )
R I v ( t + 1 ) =  N I I I ( t )  *  l ? M I I I  *  ? R I V I

P I I  ( t + 1 ) =  N I I  ( t )  *  ( t P I I )
P I I I ( t + 1 ) =  [ N I I ] ( t )  *  ( E H I I I ) l  +  [ N I I I ( t )  ]  t l l l l I  *  t P I I I I

l t r i ( t , 1 ) =  N l ( t , 1 )  *  e x p l l n { ? s )  *  0 , 3 3 1
f 4 n i ( t , 2 ) =  l N i ( t , 1 )  -  l . l n i ( t , 1 )  -  c i l  r  e x p l L o ( * S )  l 0 , 6 7 1

whele C!= constant number of i.ndiwidual o! a pelcentage of harvesE aE
each size c]ass, tqR= pelcentage of leploductive fenE]es, tiN= nuirbe! of
eggs pei nest, A= idnirnutn alea of aquatic sulface, DEN= nininu density
of  ind iv iduals pe!  pond,  Pt= tota l  populat lon,  tS= percentage of
sulv iva l ,  0 ,03= sulv iwa-L at  the f i ls t  yea!  o1d,  ard 0.33 and 0.6? are
spans of  harvest  dur inq which i t  is  nade befo le aod af te!  the harvest ,



calculat ions was made using Quatro Plo 4,0.

crLibtrtio!!.

once the model nas defined' a calibralion was mde using daEa
lepol ted by rholb ja lnalsoD (1990) in  f la to Masaguaral  over  a Pel iod of
t ine of  f lve yeals (1985-1989) and unpubl ished data on Hato EI  Cedral
ove! three yeals tiEe 11990-L992). this catibEation consisted of
staltilg the nodel flon data on the first survey fo! each case, using as
palaheters those lepolted by the litefature.

By us ing the ch1-squaled rest ,  the percentage of  ind iwiduaLs fo!
each size class obtained fron the caliblation was to conrpare data
Eepolted of both lanns Bith data lecolded of sulveyed populallon.

s.!.ibi.Lj.ty.

To detendna!e ahich population affect abundance and halvest,
lesu]tiDg of the hodel, the elasticity of the curve of abundance and
balwesL versus each paraheter wele calcuLated ove! a leqth of tine of
twenty yeals by fo l towing equat ion E= (  O/  P)} (P/A)  whele 0 and P
represent the difference betweeD the i.nitial and final values of the
abuDdaDce ancl the harvest; P and Q ale lhe neaD values calculated
scai t ing lEon the 1dterval  of  ass iqned values at  the analys is ,
mainEain ing constant  va lues of  rest ing pardeters.

starting froh abundance and size structure of population lepolted
of the filst sulvey, the sinulation was made ore! a length of time of
trenty yeals onl.y flato El. cedlal. The values defined at the caliblation
were used as those of  the paldete ls .

once the lunning of the rnodel ove! fiwe year fo! the tlato
MasaguaraL,  one popuf ,at ion coDsisted of  2002 indiv iduals wi th s ize
sl lucture of  24;847 for  c lass I I ,  56,99? for  c lass I I I .  and 18,171 for
class IV was obtained- Ttlese percedlages were conpaled l{ith data
repor led by Tholb ja lnalsot l  (1.990) .  such dala on a populat ion of  2089
j .nd. j .wj .duals are as to l Io t 's ;  23,1*  for  c lass I I ,  5?,7*  fo!  c lass I I I  a .d
18,7t  fo !  c lass IV.  No s iqni f icant  d i f ference ,as found both data
( x 2 = ? , E E - z  p < 0 . 0 1 ) .

on the Hato Et  cedla l .  one poputat ion coDsisted of  14339
indiv iduals wi th s ize st lucture of  44,012 for  c lass I I ,  38,338 for  c lass
I I I  and 1?,663 for  c lass Iv  sas obta ined.  These percentages were
compaled with the expecled data of one popu.LatioD of 133?5 as fotlows:
44,19r ,  fox c lass I I ,  38,12t  fo !  c lass I l I  and 1?,701 for  c lass Iv ,  No
s i g n i l i c a n r  d i f f e r e n c e  H a s  f o u n d  { x 2 =  1 , 9 8 E - 3  p < 0 . O l r .

scribilit!'.

the sensib i l i ty  analys is .I n
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propol t ional1y the abundance are the Pelcencages of  surv iva l  at  c lasses
I I l  and I I .  Ms expected so,  because the nun$e!  of  rePloducl iwe
femaLes would be dininished wheD declined the sulvi.val at class III.
Consequently, in the class II the nunber of indiwidual to b€ lecluited
fron the next class 'ould be affected-

The survj.val to class III affects the halvest in a way
propo.tiola]. An esplanation to thls that the nunbe! of individuals
recruitabte to class Iv dec.Iines- The another variab.le that affects the
halvcs l ,  bu!  iD a lnvelsely  p loPoEt ional  way is  the stay at  c lass I I ,
Fhat inply nuch nore tixe to leach at the halvest size.

rluLrtlon.

Ealvest inq Eo a f ixed !a le at  c lass TV,  i t  was tes led that  the
nuDbe! of individual dininish as a coDsequeDce of ilrcleasi.g the
percentage of haEvest- This is due to a greate! nulnbels of lndividuals
is halvested than tttose behE recluited flon cfass IIl, Pl-us tratulal

Each population of cai.rEn has variables "unde!/rith" its om
walues, these valiables nust be defj-ned at the monent of lunninq lhe
sinulation by th€ designed nodel.

The abundanc€ of populatj.oD is nore proportionally sensible to
changes at  lhe sulv ivat  walues of  c lass I I1  and c lass I I .

The halvest is nore sensj.ble to chanqes in a plopoltional eay of
the survival of class III and inversety plopoltioral with legalds to the
stay at  c lass I I .

In the nodel, the optinur halvest is the su of obtained halvest
value p lus naruraL nor ta l i ry  a!  g iven c lass,  by rh ich a1]  ind iv iduals of
the fo l ]wing c lass to be halvested wl l l  be lec lu i ted.  In  otbe!  wolds,
lndiv i .duals n issed by naturat  ino i ta l i ty  and halvesled f lom the
popufation inust be equal the recluiting. A.bowe o! below this value would
be ove!- or sub-estiruted.

The nodel  i  s  usefu l ,  fo !  i r  lecognizecl  changes thal  would be
produced 1n the population of cailEn, abundance and size structule as
di f fe lent  s t la tegies of  @nagement are used.  I t  is  so !o predict  the
clecisions to be nade.

-Ayarzaquena,  J .  1983.  Ecoloqia del  ca in in de anteojos o baba (caihan
drocodj.lus I,) en los !1aDos de Apule, Venezuela. Do6ana, Acta
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-c !a iE,  G,  c ,  D.  s t .  C.  GibsoD & J.  M.  Hut ton.  1992.  a populat ion nodel
fo! the NlIe crocod.ile and sinulation of diffelent halvesting
st la teqies,  in :  The cITEs Ni Ie c locodj ,Le Proyect .  ed.  by J.  M.  Hut ton &

-Nichots,  ,J ,  D;  I -  v iehnan,  R.  f l ,  Chableck e B.  Fendelson.  1975.
sinulation of a comrclcj.atly halwested auigato! population in
touis iana.  Louis iana state unlvels i tv .  cente!  fo !  Aor icu l tura l  sc iences.

106



Bul let in  No 691,  59 pp.

-Sei jas,  A.  E.  1986.  Est inaciones pobLaciota les de babas (cajnar
crocodiLw) etl los l,taDos occidelrtales de veDezueta- vtda Silvestre
Neot lopical .  I  (1 . )  :24-30.
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ABSTRIC!

Annual a11igator (All idator mississippiensis) nest counts
!,rere conducted in Louisiana coastal narshl.ands, 197O-1993.
Distrj.bution and retative abundance of nests according to
geographic area, Land ownership, and r^retlands habitat fype
were projected from aerial transect data. Total coastlride
darsh nest projections during 24 years ranged froll a low of
6,700 to a high of 34,500. Coastwide nest production data
demonstrated a highly significant increasing trend over tihe
for L970-1993, in conjunction vi lh aggressive I ' i ld al l iqato!
and egg harvest prograns. For the period L984-93, hiqhest
nesting densil ies were located in southvest Louisiana narshes,
vhj.ch averageil  36.5 ha per nest. Nesting density in
southeastern Louisiana coastal narshes averaqed 51.9 ha Der
nest. Nest production was highest in internediate narsh (31.5
ha per nes!), second in fresh narsh (45.4 ha per nest), and
loitest in brackish narsh (59.0 ha per nest). Total transect
coverage lras gradual,ly increased during the 24 years of study
to a naxirnub of 2.2*. Helicopter rental cost8, f l ight speea
capabil i ty, hel icopter refuel. ing Logist ics, personnel t inle
budgets, and the brief annual tine irindo!, within vhich nesElnq
trend data were phased into adninistrative anal hanaqeneni
functions of the lotaL alligator prograh were inp6rtant
consideralions uhich linited sarople size. Surface warer
conditions affecled nesting potential nore than any other
environhental factor but water level factors denonstrated
Iittle effect on the rnean trends generated over 24 years.
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I!tro(tuctiop

The al l igator inhabits Louisianars r iver and bayou
systebs. lakes, slranps, and uarshes. Coastal Darshlands (1.23
riillion ha) provide the best alligator habitat ln the sraEe
and contain the bulk of the staCewi.de population. The narsn
alligator population can be censused by aerial nest invenlory
(Chabreck 1966, Joanen and lrlcNease 19?2, lrlcNease and Joanen
1.978). This report presents nesting trend data for 24 years
and shovs ho!, habitat can be su-bdivided, quantified, and
qualified relative to alLigator abundance. Our aerial census
data forhed the data base for forhulating guideLines gtovernlng
a closely reguLated al l igator harvest, !972-].993, and vitd e9;
collections fron private wetlands, L985-1993.

We vish to thank A. Ensninger, chief, J. l4anning,
Assistant Adbinistrator, and J. Tarver, Adrninistrator, Fur a;d
Refuge Division, touisiana Departhent of wildl i fe and
Fisheries (LDWF) for adninistrative supervision and
enthusiastic support vhich naae this project p;ssibIe. M. A.
Hebert, LDWF, deserves special credit for assistance in
collpil j.ng annual reports and typing this paper. We express
sincere appreciation t 'o L. A. Theriot and W. c. perry, LDWP,
and R. Frederick and Dr. B. Moser, Louisiana State University,
for their assistance in data analysis and interpretation.

!,tethoats apil Uat6ria15

Aerial nest censuses vere conducted annualLy in early
JuIy, 1970-93 in the coastal narshes of the southe;nhost part
of the state. Al l igator nests were counled fron a heli .copter
f lying pernanently established transect 1ines. A Bell  l . todel
47G44 was used frol l  1970 through 197a and since 1979 a Bell
i let Ranger l4odeL 2068 r{as used. Transect l ines (N=39),
established for a 1968 vegetative type-nap salinity study
(Chabreck et al. 1968), uere used for this investiqation ir i th
addit ional l ines being added between the 'bench h;rkr I ines.
Sanpling intensity was greater in southwest Louisiana durinq
the l97O I s because an experinental harvest proqrah beqan ther;
in 1972 and also because population 1eveG were hiqier than
iD southeast Louisi.ana. census l ines were sirnply noith-souco
transects- .(longitude _lines) rrhich by l9g2 werd s-paced to give
the sarnpl.ing intensity presented in Table 1. Each Iine
extended fron the narsh-swanp denarcation to a cutoff porn!
in brackish Darshes where nesting did not occur.

Total transeet coverage (sahpling intensity) vas
gradually increased during the beginning 1a years of study to
a naxrmun of 2.2t annually for 1982-1993 (Table l).  Sarnpling
intensity in 1970-21 al lounted to 0.26* for 1.3 nj.I l iorl  ia oi
coastal narsh. Personnel t j .he budgets, the brief annual t ihe
windol' within vhieh nesting trend data irere phased into
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adDinistrative and rnanagenent functions of the total altigator
proltrau, and helicopter rental costs, flight speed capability,
and refuelinq logistics vere irportant considerations which
lihited sanpl-e size.

A f l ight speed of 100 kri/h, alt i tude of 50 tn, and
transect line vidth of 105 n rrere chosen as optinun,
considering sanple size and nest perceptibility. Nests
observed sithLn the 105 n sanple area vere recorded according
to parish (eounty), Darsh tl4re, land ovnersttip, and line
nunber deBignation. In order to reduce satnpling bias, 3
observers did all nest counting during the 24 year study (11,
10, and 3 years per observer). The avall-abi l i ty of
navigational- aids lrere rather I inited for the years 1970-1980;
consequently a record keeper/navigator follorred the transect
line course lrith the aid of a conpass and charted landnarks.
During 1981-92, tt te Loran C navigation systen vas an
indispensable aid for tracking l ines. In 1993, the c1obal
Positioning Systen (cPS) navigation systen was incorporated
into the nest survey.

The marsh zone and vegetative tl.lre classifications as
desc r ibed  by  Chabreck  (1970) ,  Chabreck ,  e t  a l .  ( 1969) ,
Chabreck and Llnscoube (19?8 and 1988) lrere used for
ecoloqical aspects of the project. For nanagehent purposes,
the Su.b-Delta and Active Delta Zones were conbined int'o a
Southeast Coastal Zone. This ctassification schene fortned the
basi.s for qual.itative and quantitative tlabitat-nest density
analyses.

Coastal narsh habitat degradation occurred during the
past 24 years. In 1970, L,29A,4AS ha of narsh habitat ! .ere
uti l ized for al l igator nesting (Chabreck 1970) i  whereas, in
1993 nesting habitat L'as calculated to be L.231,429 ha
(Chabreck and Linscohbe, L988). Due to geologic origin this
vast area was divided intot the Southwest Coastal and
Southeast Coastal Zones (Fig. 1). The Southwest Coastal Zone
presently nakes up 457,735 ha of rhich 352, L' ' t  ha is privately
ovned and Lo5,57a ha is under public oirnership (Tab1e 1). The
Southeast Coastal Zone presentl-y conprises 7?3,694 ha and
extends frou the Verhilion Bay cornpl.ex to the !{ississippi-
Louisiana border (Table 1). Private ownership nakes up a6t
of the southeast zone or 662,894 ha (1I.O,8OO ha are publicly
o rned ) .

The vegetative types of brackish, internediate, and fresh
r^rere used for purposes of Darsh cLassification (Chabreck
1970). ceneral ly the brackish harsh was located nearer the
Gulf of ltlexico and experienced higher salinity leve1s than did
the other lvo types. The brackj.sh harsh, ninus narshes over
10 ppt sal j .nj. ty, conprised 37* or O.48 milLion ha j.n l97O and
3'74 ot 45?,oo'7 ha in 1993. The internediate barsh generally
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vas a band separatj.ng fresh frorn brackish. The internediate
uarsh conprised 22* or O.28 ni l l ion ha in 1970 and 238 or
284,055 ha in 1993. Fresh narshes 1j.e farther inLand aDd are
not usualLy affected by tidal action. The fresh narsh nade
up 41t of the area (0.53 ulLl ion ha) in 19?O and 4Og or
490.448 ha in 1993 included in our survey (Chabreck and
Linsconbe 1988). Al l igators do not uti l ize the saline narsh
tlrpe t hence, the 0.4 niLl ion ha of this t lT)e nere disreqarded.
Coastal barshes conprise about 70* of statewide rretlands
inhabited by al l igators and lherefore are vital to Louisiana's
al l igator Danagenent progran (Joanen et al, L984, Joanen and
McNease 1987). Approximately 91t of the rr i ld al l iqators
harvested (L972-L993, and 878 of lr i ld eggs harvested (1987-
1993) cabe out of the coastal zone.

A data entry and danipulation softvare package entitled
trParadoxtr by Borland, Inc. rdas utilized for surMary and
analysis of the nest survey data. A supporl ing data base,
vhj.ch does not change annual1y, contains infonnation reLated
to land ovnershj.p, and total area and ha transected by tlarsh
type and nanagement unit. Nest survey resulls are entered
annually. Dala analysis involved the sihple colrputation of
transected nest density figures and the extrapolation of these
data according to distinct geographic areas (t-6 coastal
parishes) which then becane the basic coastal narsh al l iqator
&anageden! units. ttte nudber of nests transected by marsh
type, Iand ownership, parish, and region of the state (zone)
vere converted to area (# ha) per nes! [a tvo part cohputatj.on
involved: (1) Length of transect line seghent according to
narsh tltre and oianership X width of transect coverage = nunber
ha transected, and (2) nurnbe! ha transected + by nunber nests
observed j.n transect sanple = ha/nestl.  For nanagenent
purposes, especial ly wild harvest of eggs and aLLigators, the
halnest f igure couLd then be divided into total size of each
individual hanaqenent uni! to derive an estinate of total
nests and nesting feillales.

The key elehent upon which to bage harvest quotas then
becaloe the number of nests projected by habitat type within
nanagenen! units. Due to considerable variabi l i ty 1n sinqle
year nest estibates, especial ly on isolated wetlands; ior
exanple, privately owned brackish narsh in a particular
parish, a hoving average of the rnost recent 5 years nest
nuDber projections provided a 'slabi l ized dat'a baae'. This
average could then be coEpared to current year data for naking
fj.na1 !adjusted harvest deterDinations | , expressed as ha/nest.
In lhe case of the ranching progra&, a reasonable estimate of
total egg production on a landownerrs narsh can be developed
by dividing ha per narsh type by the adjusted harvest
deternination figure (ha/nest) for that aype and .then
nultiplying that ans!,er (# nests) by the projected nutlber of
fert i le eggs per cLulch, practical application of the



rstabil ized data baEer nest projections to derive vj.Id
alli.gator harvest quotas involved using the nuDber of nesting
feEaLes per ranaqeDent unit and applying these data to a nes!
nultiplier to extrapoLate total nunbers of alligatorg per unit
(Chabreck 1966, I i tcNeage and Joanen 1978, Taylor and Neal 1984,
Taylor et al. 1991). Size class frequency distr ibution
nodeling of a population can lhen be used to estj-nate tarqeted
harvest percentage (quotas) lrhi-ch are then applied against the
extrapolated nunbers of aLligators per nanagetnent unit.

Regression analysis vas used to evaluate trenda (1984-
1993) in estiDated statevide nest production and nest
densities by habitat t].pe vithin each coastal zone (Steel and
Torrie 1950). We expressed al l igator nest densit ies and
available habitat as a percentage functj.on to Dore graphicalLy
point out the quantity and quali ty of the different habitat
tl4res.

Results and Discu5slon

Environnental Factors Affectinq Nestinq.

Nest Proiecl ions by Year.

A! Jient tenperatures affect the tining of nesting and egg
laying activity (Joanen and l. tcNease 1979). During yelrs wii tr
lrarn Bpringtihe air tetnperatures, egg laying vas conpleted by
the end of Junei lrhereas, laying extended j.nto the second week
of July during years I'ith cooler springs. This factor nust
be taken into account L'hen establishing flight tines for nest
censuslng, to insure that all nests are buil! prj.or to
init iat ion of the census.

Extrenes in water levels, drought and flooding, adversely
affect nesting of the al l igator (Joanen and McNease l9Z2;
l{cNease and Joanen L978). Surface Lrater condit ions affected
nesting potential nore lhan any olher environlrental factor but
water leveL faclors denonstrated little effect on the mean
trends generated over 24 years (f ig. 2). Therefore, extrene
caution should be exercised in interpreting nest transect data
on an annuaL basj.s (1on9 term trend data is better), or for
relatively sroall geographic units.

surface irat€r sal inity inf luences al l igator nesting
potential. Nesting was not observed ln areas characterize6
by saLinit ies >10 ppt, therefore these areas are not surveyed.

Total coastwide narsh nest projections during 24 years
ranged  f rom a  l ow  o f  6 ,700  to  a  h igh  o f  34 ,500  (F iq .  2 ) .  The
ilraDatic jurnp in nuhbers of nests over lihe anounted to a 3oog
inerease; Or, on average 13* per year. Coastlaide nest
production data alehonstrated a highly significant increasj.ng
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t r end  ove r  t i he  fo r  1 .970 -1993  (R2  =  0 .8640 ,  p  =  O .ooo1) ,  i n
conjunction with aggressive wild al l igator and egg har;est
prograns. During the past 7 years (1987-1993), 93O,OOO nild
eggs vere collected froD t[arshes for ranching purposes and
srnce 1972 approxinatel.y 327,000 ni ld aLligators vere
hareested. These data dehonstrate that a reliable index of
annual reproductive success can be achieved rrhicb will form
th9 basis for: long-tern population dynaDics study,
calculating irild alligator hareest quotas, calculating lrild
e99 collection quotas, and conputing/refining juvenile r-turns
to the. rrild conpensation rate percentages for vild e99
collections.

Nest Densit ies and Distr ibution bv Zone.

A cohparison of the 1o-year average nesting density
(1984-1993) by narsh zone showed the Southvest Zone had the
highest nest density of 36.5 ha per nest (Table 2). This zone
cohprises 37.24 of coastal narshlands and produced a
disproport ionally high a6.5t of the coastwj.de estinated nests.
Ihe Southeas! Zone accounted for 62.8* of Louisiana I s narshes
and contaioed 53.5* of total coastaL nests. The SoutneasE
Zone nest density averaged 51.9 ha per nest (Tab1e 2).

In the Southlrest goastal Zone, annual nest density during
1984-1993 inproved (R2=0.58, p=o.01) for brackish rna;sh but
reoained stabLe for intennediate and fresh narsh (Fig. 3).
In the Southeast Coastal Zone, annual nest density decieased
for brackish marsh and proglessively incrlased for
internediate and fresh harsh (Fig. 4). The internediate and
fresh marshes of Louisianars coastal vetlands provided stable
hj.gh qual. i ty aLligator habitat. Brackish iarshes in cne
Southeast Coastal Zone suffer fron subsidence, sa1! vater
intrusion and storn danage resultj.ng in deteriorating habitat
conditions lrhich act to decrease nest density.

Durug tvo early years of study, the Southwest Zone
colrprised 34.9* of uarsh habitat and contained on average
60.6* of coastal nests and the Southeast Zone nade up 65.i8
of habitat and housed 39.4t of nests (McNease and Joanen
1978). In general, the long-terh nest density outlook for
Southeast Zone fresh and intertnediate narsheJ has been to
gradually , catch-up ' rrilh those iD the soulhwest. This becane
especial- ly signif icant in 1992 and 1993 (Table 2).

Nest Densities bv llarsh Tvpe.

On a coastwide basis, the intefioediate rnarsb tvDe
denonstrat€d the highest to year average nest density, L nast
to 31.5 ha, coDprised 23.72 of coastal uarshlinds and
contained 32.8& of nests (Tabte 2). Frest! narsh averaqed 1
nest to 45.4 ha, nade up 39.9t of the area and accountea for
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40.9t of nests, Braqkish [ars]t averaged l nest to 59.0 ha for
the period 1.9a4-1993 (Table 2). occupied 37,1* of the area
and carried 26.3t of total nests. Average nest density
according to [arsh type for 1992 and 1993 are cobpared to the
10 year average in Table 2. These data shored lhe sane
qeneral lrend in nest productivity as did the 1o-year average
except that irith tine nest densities ihproved (ha per nest
decreased).

A cobparLson of nest densities by harsh type according
to zone revealed soue striking inprovenentg Ln lrest production
for tbe fresh and internediate tl1res ln the Southeast Zone
during the past 10 years (Table 2) when conpared to 1970rs
data (McNease and Joanen 1978). The lo-year average nest
density for fresh harsh was equal at 45 ha per nest in each
Darsh zone. For intenediate, the Southwest Zone vas better
and averaged 26 ha per nest in comparison to 38 for the
Southeast. Brackish nest production rras two tihes better in
the Southvest Zone (40 halnest) than in the Southeast (92
ha,hest). In 1992 and L993, nest production in fresh rnarsh
uas better in the Southeast Zone than the Southirest (Tab1e 2).
Internediate nesting densities !.ere equal for each zone in
1992 (24 halnest) and sl.j.ghtLy superior in ttle Southlrest j.n
1993 (30 ha vs. 34 ha per nest). Brackish narsh nesE
production rras far superior in the Southrrest Zonet 30 and 39
ha/nest in 1992 and 1993 respectively as conpared to the
Southeast (70 and 88 halnest in 1992 and 1993).

Nest Densities Accordind to Iand ownership.

A conparison of nest densities by ownership aecording to
zone revealed that highest nesting densities occurred on
publicly owned marshes in the southvest Zone lrhere densities
ave raged  21 .3 ,23 .4 ,  and  23 .6  ha  pe r  nes t  f o r  L992 ,  1993  and
the 10 year average. respectively (fable 3). privately-ora,ned
lrarshes in southwest Louisiana cane in secoDd best at 32.2
ha/nest in L992, 4A.O halnest in 1993, and 45.7 ha per nest
for the 10 year averaqe. Southeast private property occupied
th i rd  p lace  a t  35 .8 ,  43 .4 ,  and  54 .1  ha  pe r  nes t  respec t i ve l y
fot L992 | 1993, and the 10 year average. Southeast publi.cly
ovned narsh occupied last place with values of 44.2, 61.2, and
45.4 ha/nest fot 1992. 1993, and the 10 year average.

A direct conparison of narsh type and ownership vs. nest
density according to zone is expressed in the trro colutnns
under the 10 yea! average heading in Table 3. A superior nest
density j.s indj-cated lrhere the percent of nests value exceeds
the percen! of land value (designated by a !+t in the percent
of nests colurnn). Pereent of nests occurrence in the
Southuest Zone private intereediate Darsh and alL three harst!
types under public olrnerstlip were projected to occur at a race
hj.gher than the percent of Land availability value. percent
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of nests occurrence in the Southeast Zone privately-or,ned
fresh and interrnediate and public internediate and brackish
were projected to occur at a rate higher than the percent of
Iand availability vaLue. southeast public fresb rarsh percent
of nests equaled the percent of land vaLue.

In suetiary, the subtotaL values in Table 3 indicale t'he
occurrence of nesting in southvest privately orihed narshes
occurred at a rate just slightly above the percent of land
availabil-ity value on the strength of strong j.nternediate
Darsh hesting densities, The occurrence of nesting in
southeast privately ouned ttlarshes occurred at a rate
signif icantly belon the percent of Land availabi l i ty value due
to lov brackish barsh nestinq densit ies. The occurrence of
nesting in southwest public $arshes occurred at a rate double
that of the land availabi l i ly value. Southeast publ. ic narshes
percent of land avaiLability and percent of nests values vere
about equal.

Seventy-seven percent of coastal alligator nest
production vas calculated to be on privately ouned lands in
1993 as conpared to 75t for the 10 year average, 1984-1993 or
63.5t average for 1970 and l-977 (l tcNease and Joanen 1978).
The approxihately 258 localed oD publ"icly owned lands were
aLl on state and federal refuges, or state-owned lrj.ldlife
rnanagetnent areas. llanagenent idplications inherent in
Louisiana I s coastal land ownership schene are obvj-ous; private
Iandovners conlrol the uajority of al l igator habitat and
alligators. ltanagenent prograhs nust be designed vith the
private sector foretnost in nind, as they hold the key to the
well-being of our narsh resources. The catalyst for
Louj.sianars rapidly expanding al l igator farroing profrarn has
been the availability of wild produced egqs on privatety orirned
property and the villingness of private landowners to pioneer
a f ledgling industry.
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INrRoDUcloN. The Convention on Iotcnational Tradc in Endangdd Specics of Wild Feuna ald Flora
(CITES), rdninisteed by the United Nations Etrviromlent Pro8r.trtmr, bas the rcsporBibility of
rcgulrring intcnational trade in wildlife h a l|amcr thst ii do.s not 6&nger or depl.tc thc cxploited
pQulations ofwild planb and arimals. This is acconplish.d in !6rt by suppo.dtrg scicntifcaly
gmund€d ard igorcusly implemented programs that utiliz! wildlile on a fully nrstainablc besis. Onc of
thc bc6t o(ampler ofhow legal, sunainable use catr benefit e wildile *eci€s is se€n h thc crocodilirns.

Hisoricaly, lhc *orld's 24 species ofalligatorE caifiuns, ctocodil€s, and gharials har€ b€cn
ttatcd as toothy ptdators thal attack trurt aod livestoc* and tbarrfore should be climi.'red aa cvcry
omortunity, or they harr bcen vies€d as a Eady soutcc ofa r&in tha| is usd to produce a high fashion
lcather. Th€ combimtion ofhcing killd as vlmritr or slaughtcrcd for th€ir hides depl€td or cadargcr€d
virually ercry species ofcrocodilian by the ed ofthe 1960's. hmtiog prohibitions ard barls oo trad€
sllow€d many populations to re.or€r, but ihe single gre3t€s ft.lor io g'hing gorrrnmental aid public
3uppon for cro€ldiliatr consermtio! llas thc cstablishn€nt ofscientificaly groundc4 crrefutly
implementc4 and rigorously enforced programs that can supply legal crocodilians and socldilian
product to the marketplace olr a sultainable basis.

Thesc $Elainable utilization programs usually producc cnccodilia$ ftom one ofthrea nefiodsl
l) either hanesting them direct from th. wil4 or 2) han€ging cggs or hatchlings ftom lhe wild and
tedng lhcm h captivity lor later use (this open-clcle opcr.tiod thrt depends on a healdy wild popdation
to provide eggs or hatchlings is called 'ranching'), or 3) rearitrg them from eggs producld ftom the
captire nating ofadult crocodilians (closed-cycle 'farming'). Unless careftlly implemented baw€st
dircct ftom lhe wild hrs the poteotial ofdcpleting the wild sloc*s as happcncd in 6. l960,s, €sp€cialy if
dle ha tst fcfirovcs br€eding females, and faming does little dirlc{y to protcct the wild crocodilians ot
rlrcir habitats apan from providing legat competirion ro the supplie.s of illed hides. Ofthe threc
methods, ranching llas Oe greatesl conservation impact b€cause ro be nrccessful the witd populatiorB 6nd
their habitats must be protected. Wilhout thar protection there will be no brEedels to produce lhe eggs or
hatcNitrgs needed by the ranches. In additioq in the wild a relati!€ly high perc€ age ofeggs rnd
batchliags arc lost to predators, disease, and other natur-al factors, oftcn rcsulting io a combined loss of
more a un 70% in llle first year. Io capdvity rhe toss catr be significrnrly reduced, frequently to tess tban
lopl. total. The difference ber*een the numbers that would bal€ bccn lost ifihe eggs or hatcl ings hrd
.cnraind in the wild and the incrqsed numtrers that suryive in captivity can b€ han€s1ed *ith no
negativ€ impact on lhe wild populations. For this re3soll colleating eggs and hatchlings has less ofan
imprct on the wild population than do€s the dire.t r€mo\d ofadoli brceders. Ewn so, rarcheft oten arc
rcquired to reom a small p€rcenlage of their y$rlings to the wild to compensate for the ones that would
have $rv €d in the wild hrd the eggs not b€en clllected.

Today, roughly two-rhirds oflhe *orld s crocodilians have r€.overcd suficieody that they u€ no
longer in immediate danger ofextinction, and eight spccies are ha €sred in sustainabte utitizatiol
programs that meet the .equirements of CITES. Hid€s fiom these legal sources are used in the
manuhclurc ofhigh quality. high fashioo leathergoods---waltets, purs€s, herdbags, belts, shoes, boo6,
cosmetics cases, pocket secretaries, ksy cases, *atch ban&, attachd cascs, a.nd luggage. In rnany muntri€s
these sources also provide a high protein, low saturated fat, low cholesterol neat for hurnarr colsuhDtion.

In 1992, lhe ruCN/SSC Crocodile Specialist Croup publishcd drc Actiotr platr fo. the
Cons€ryation of Crocodiles wlich documents the cooservation stan$ ofall tl|e sDecies ofcrocodilis eo
the importan€€ of sustaimble use ro $at conservarion, It also sunrnarizes the gcnerrj biolos/ of
crocodilia$ which providcs the foundation ofevery slstainable utilization progran This publicarion is
awilable ftom the ruCN-The World Cons€wation Udon publications Ud! 2l9c Hutrrington Road
Cambridge CD3 oDL, United Kingdom.
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No sugainablc utilization p.ograrn ca.n long continue without monitodng lhe satus ofthc rvild
populatioos. Iflhc populations ,Ie remaining stablc or arE increasb& the proSram is a success. If thcy
arc d.clinitrg, lhc program must bc adjuncd to sllow lhc popuLtiorB to rrcor€r

Hinorically, Nicaragua has beeo one ofthe largcst suppliers ofcrocodilian hides fton C€ntral
Amcric4 but no rystematic survey had b€€n donc to determine thc sizc ofihc wild populatiorls. In the lare
1980'q tba CrES Secretariat bcgan dilqrssions with lhe staf of lhe Inslituto Nicaragucnsc de Recursos
Na$rales y &l Ambicntc (IRENA) corc€min8 lhe dcsirability of srrv€tilg Nicaragua,s i*o sp€cies of
crdilidrs: Caintat oocodilK cr,"past,.s, the Ccntr.al Aneri.a! cainrn (English comrnon namc),
cllajipsl oocal Spanish narnc), cro.ldile (Atlantic coast Cr€ole Mme), or tur-a Mskito Indian nahc), and
Crocodylus ac'/aus, the American crocodile (English), lagarlo (Spstrish), atligtor (Atlantic coan Cr€ole),
or laris (Mi!&ito).

Prelimnuiy plans for the survey were diawn up by the CITES Secrctariat and reviercd by
IRENA. In May 1991, at the rcqucst olthe CITES Secretariar, ftolessor King met in MaJugua wilh the
ofrcials ia IRENA'S CITES Scienliic Authority ard Fauna Sib€ste oftc€s to findiz! lh€ plans. A
sccood mccting in Marugua took place in May 1992, between Dr. Ross ar|d Orlando Gomez and
Gutenb€rg Castm ofnENA to conJirm derails oflhe finat plan. On l8 Augusr 1992, the CITES
S€cretrdat contractd with Prct Killg and Biodii€Niry Services. Inc., ro conduc! lhe survcy. Th€ acn al
projccl s€s initiatd on 25 January 1993, with the a.rrival ofDr Ross in Nicangua at the end ofthe rainy
season. Proi King aniv€d 5 days later.

In lhis rcport, we summarize our activities a4d results ofthe first Dhas€ fieldworft in rhe Deriod
25 Jallurry-s March. A tull rcport including derailed r.conunendarjons. wilt be prcpar€d t{hen lietdwork
is complete.

ActNou4rDcME^"rs The slrNey \r€s funded by the CrTES Secretariat in llusanne, S*itzcrlard, by
NORAD, and by Reptiles de Nicrragua-special thanks are due Dr. Obdulio Meoghi, Scienrilic
Coordinator ofCITES; Desiee Elizondo C., Asesora in NORAD,S Maragu ofrc€; 3nd Kun preiss of
Miami, Florid., and Cranada, Nicaragu4 without whose admiaistrarive or trnancial support rhis sNey
nould bavc b€en impossible. We are pleased to acknowledge the support ofDr_ Jaime locer, Mini$er for
Natural R€sources, and his Vice Minister. Mr. Paaricio Jerez.

lfone individual deserv€s special r€cognirion it is Carlos Montes, Jefe (Head) ofIRENA,s
CITES Nicar.gua Ofli€€, who managed lo cut through the bur€aucmric rnaze ard arrange logistical
support for us fiom IRENA'S lruny rcgional ofiic-E's.

Wc thank ihe slatrof lhe IRENA field ofrccs for their extensive assislance in arranging boatl,
firel, dri\€.s, and other logistical suppon. In Pueno Cab€zss, Mr. Rodolpho Jaenschke and Farima
Casrilo; in Bluelieldr, Mr Elmer Jackson ard Mr. Raoul Canillo; in San Carlos, Mr. Lioncl Ubaq Lic.
,ulica Pobr€da and Mr. toaquin Montiel. Wc nust also thank the guides and boat drivers, Ch'islopher
Bodi& Cemun Hernandez, Felix cuadrmuzan4 and Silvio Leor\ who enabted os to travel runy
hundreds ofkilomelers by boat into some ofthe more rcmote locations in Nicaragua ard eNured our
safcty, and oter! our confon as well.

We also acknowl€dge the support readily givcn by the Mikupia ofrice in puerto Cab€zzs, and
eslccially by Denise Casrro, who accompanied us in lhc field and inlrodu€d us to rnany Miskito
conununities ard individuals.

Mr. Juan Sequeira, nanager of the Reptiles dc Nic_sragua taDncry in Ganada, and Dr. Alvaro
ValeMuela of Nue\ll Era, provided logisticat support in San Cartos and lhe pacific coast res!€criverv.
They also d€monslrated mrn€lous hospiraliD by welcoming us inlo their homes.
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Itr an enthusiaslic dcmoos@tion ofcamar-aderie aod regioDal coordintioA Lic. Earl Junicr
Wadc &fficio de Vida Sih€strc, Miniterio d! Itecursos Natur.lcs, Encrgia y Mibr$ Coda Ric4 join d
ua for suwys of the Rio Sao Juan and tdbutaricr flowilg out of Clsta Rica- tvls. Terii WcrEunds.!, a
Dadsh biologist mddng in IRENAI Naliooal Parls officc, accomponied us on dl€ Prcifc co€s lufirrs
at Sdin s Gtuftles ahd Pueito Sandioo.

Fin lly, numerous citizeN ofNicaragus cxlend€d nFiad counesics to us in tl|e course oflh€
ficld$ork, oficn with lide or no introdlction. Wc r€get O|at there is i[sufrcicot space to acknowledge
thcm all by name,

MErloDs! Thc s:uwcy methods for syslematjc and .ep€atrble night s?odight cetrsusiog ofcrocodile
poFrlatio$ are descriH in Messel s, a, 1981, and suunarizcd rnd discissed itr Bayliss 198? and
G|zhsm 1987. Refer to these publications {or details ofthe survey nefiods.

Ar eslimation of0rc density ofcrocodiliatr popdatioos pas obtaind by trawling .ep€sentath€
samplc scctiods ofwaterways at dght and counting the qocodiliaos sightcd with a apodighr Whcrc
possiblg an cdimate was nude ofthe size olthe individuals sight€d fton which size distribution ofthe
populatroo can be cstimated. It is not expectcd that all the crocodiliaDs in an atta will bc sighted and
counted in srrch brief sampl€ surveys. Ho*erct extensir€ rcpetitive sampling by Professor Messel atrd
colleagues ill Auir.lia (involving rhousands ofsuch suvcys over a period of I I yea$) hrs cstablished a
very sound slatistical basis from whicb the resulls ofsingle dght s?otlight counts can be interprcted with
conlideoce. A strict protocol ofpro.€dures to cooduct such surve,s, d€relop€d ty Paofessor M€ss€I, is
follontd. By following the procedurc exrcdy, the r€sults can bc crmFred wilh sitrdlar slrrvcy r€sults in
olhcl places and inlerpreted with conlidcnce, Comparisons betn€cn locations and b€tn€etr difrerent
sample periods car also ba made,

This technique has been tlsed in crocldilian surve's in nunrcrous countries involving seveEl
difrerent species. In several stdies addirional rep€titivc sampling, ,nd popularion estnation by oiher
techdques slch as mark ard r€capture studies, confirm rhe validity ofthe rcsults of sinSt€ njght slodight
suveys. The Gchnique has b€en widely applied to the quantitati\€ slrvey ofcrocodilian populations in
Latin Amcrica, e-9., Honduras King er a/ 1990), Venezuela (Gorzula ald SeUas 1989), Guyana (cotzula
and Wooford 1990), ArgentiM (Waller and Micucci 1993), Bolivia (Pachcco 1993), Costu Rica
(Mahhood and Chaves 1992), Haiti Clhorbjafinison l98E), and else*hcrc in thc world (se€ Bayliss
1987). Ofpanicular relevance to this suwey is work colductcd in Venezuela Cltortjarnarson l99l),
which conli.med the validity ol drc echniquc for Ca,,'t an uocodilus i^ habitatd simitar to thosc in

The €ssential elemenls of the proa€dur€ are that carcfirl note is made ofthe e&rct position ofstan
and eod points ofsch surv€y and oflhe distance sun€yed, ad thesc atr rcponed in subs€quent
publications so the suveys can be duplicarcd by independctrt r.scarcheE. ph,sical variabld 6re recorded
slch as wind, tide or water lcvel, vegeotion, \iater and air temperatutE, which rre knorrrr to afrect the
p.oportion ofcrocodilians sighted. Surveys arc clnducted at high specd to covrr dinances of 20-50 km in
a night rfter preliminary re€onnaissanc€ has becn nrade olthe lrterflay in daylight to identit hazalds
and r€ri& positions and distances.

The l:50,000 s€ries oflopograpNc maps produced by the Inslituto Nicaraguense dc Estudtos
Tcrritorial€s (INETER) were used throughout rh€s€ surveys. A rnajority ofth€s€ r|ap6 wcrc firsr pnduced
ill 19E7, and a seveml were revised in t988 and 1989. This seri€s of maps is superb for the accul.rcf of
the infodnation lhey provide on the watenr"ys and surrounding vegetation communiri€s_ Alt map shects
relend to b€low .re in rhis series. Accurate lsdtudes and longinrdcs of sian and end (fidish) poinrs for
lhe najority olrhe individual surveys *ere determin€d using a Magelan OPS NAV 1000 pRO. Wlen
two tsrns suder€d sepdate naterw:rys concuneotly on the same nigh! one oflhc sufleys had to be done
wilhout the Magellan GPS. When this occo..ed. the sian and end point latitud€s and longitud€s on the
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sufty dthout CPS insfrmenhtion tr€re d.ternind direcdy ftom the INETER naps. Ir should b€ mted
tftet aI rc margihs ofthis series of maps are printed witb degraq mimtq and second scales tha! allo*
Lrliurdc and longitud€ to be read a€emtely, without irtcrpolatioq and *ith g€at cas€. The di$ances
covcrcd wdE m€asurcd usitrg the km scale on tbe nap6. Water salinitics werc doclmented using a
R.ichrrt tempcmtu& compensated salinity ref.aclouEter Whd s?eed was dcte.nind usilg a Daus
Itrsrumeots Wind Wizard TcmFr.atutcs r €lr rc€lrded Bing a Cole Panner Model 90200-30 clcctrical
the.mometc. with a I m crtemal probc. Spotlight suri€)s *€re rutr usitrg a Brhhnann QBcam
1,0m,00O cadlepower spodight powered by a l2-!rlt auiomobile battery, and 6+I Mag-Litcs provided
balk up ligbts when the Q-Bearns failed. kptop clmput rs and portable printerc allolrd rapid data
onalysis ard production oflhe progrEss rcport.

Origitra.l field data rcclrds ofthe swv€ts at€ storcd in thc files oflhe IRENA CITES Nicaragua
officc, ard offie ruCN/SSC Crccodile Specialisl G.oup aM Biodiversity Seryicts, lnc.

Thc slrdey was conducted in Februrry rnd March 1993, which is the dry serson in Nicaiagua.
Survsyitrg during the smmer rainy months is virtually irnpo$sible. Many ri!€rs are in flood and inundate
slrrounditrg lowlarxls and cainan populadons fiI,y b€ highly dispersed and inacccssible. TonEntial rains
ebo dscure the spodight b€am naking sighting dific1rlt. By February, the noods hwe begun Io subside
ard thc rivcrs tetum to lheir bank .nd nighttimc r.ins atr less frequent-

On 3 and 4 February 1993, aerial rEconnaissance ofhabitat was flowD ftom Pueno Cabeas nonh
to the Coco river that fomE Nicaragua's nonhem boder with llondutas, west to the mountains, and south
to Iaguna de Perlas and mon major riveF and we ands ill betwcen. Aircraft (e Cessna Sk]master,
ropwing) and pilots were made available io th€ survey by Lightbawk Inc., a non-profit NGO that provides
air suvey srpport to conservation project. Flight padE were plaued along major rir€E and significant
*€tland areas. Thes€ \r€re insp€cted at approdnately 1000r (360 n) elevation fo. habitat suirability,
huoatr settlement density, and acc€ssibility. F om this informatio4 represedativq acccssible locations
for night spotlight srrveys wEre idertified. A loLrl of l0 hours *.s sp€nr flying mor€ than 2,000 &m of
habitat tralrsects.

Rivedne waterways ir€re slrveyed from an upstrEam $an point. usually determined by rock,
logs, or other obstruction that prevented funher passage upstrear! to a downstream zero eM poin!
usually at the mouth of the river. Lagoons were so.rveyed aiJund their perimetea from a zero staning
poi!! oo the shore and ended back at that same point. Hori€vet, to sr[vey the €ntire lengih oflhe larger
Nica.iaguan rivers would have required week, an impossible undertaking b€.ause of limited time, and an
un&sirnble one because large stretches of many ril€rs are heavily settled wirh th€ rcsult that the
crocoditians and their habitats are gone, The slrn€ys reponed here arE not m€ar! to bc an exluustiv€
caLlogue ofall of Nicaragua's crocodilian populations, rlthcr they are a representatir€ sample of$o!€
Dopulations.

Thc TRENA regional offices sen€d as our fieldb".€s in Pueno Cab.zrs during ih€ p€riod 2-t2
Fdruary; in Bluefields during l4-I9 F€bruary; and in Sa.n Crrlos doring 22-27 Febnury (see Figure l).
During 28 February4 March, lre operated oul of the IRENA oational ofiic€ in Mamgua. Following the
retun of the CITES coordinators (F. Wayne King and J. Perran Ross) ro the U.S.A. on 5 tr{arch 1993,
subscqucnt srrrveys were conducted by IRENA p€rsonnel (Josc V. Monles and D. Gutierrez).
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R&srnt& Tablc I $mnarizcs the field$ork

Tablc l. Sunnary of Activities

Su sy nights
Suwcrs'
l,acalities surlsyedD
Kilometers of walcrryay surveyed

C.ocodilians sighted:
Cainat oocodi lus chiapasius
Cmcodylw acutus

I,160 in4rl.6 kn
69 in 115.7 kd

l 9

2a
529

I For conv€nien€€ of a&dysis some suri€ys conducted on a single nigh! wEre subdivided to Ellect
difrerent localities and habilats, e.9., r€ separated the fiesh*ster Warft Wa* dver ftom lhe salinc
lfflala lagoon-

D Some localities *€rc suft€yed on more th8n one night.

Our findings arc pres€nted and discusscd for each ofthe general su$cy ars3s:

PI'ERTO CABEZAS AREA

l. Wad( lva* River to Ifflaya.

Map sheets Puerto Cabezas 3558-III, Wa\ a 355?lV Klingna 3457-I. and l{aulover 3457-II
w€re us€d for this $rrvey. On the nights of 3 February 1993, 48.5 km ofmtenrays wEre surveyed
bcts€€n the upstream staning point on the Wark Wark river, the Estrecho pika Bila, passage across
kguna Kant , the lower end ofde Wawa river, thrcugh Laguna Kauhtu pura, Laguoa TumTuIr! tlle
Lan aya .iver and caha.l, and ending at thc public docks in Irmlaya- Thc same water$ays and exacr
sme rcute *"s aesufveyed on 4 F€bruary 1993.

Latitudc Longitude
Wark Wa* upstr€am stadnS point
Estr€cho Pika Bila
Lamlaya Village public dock and end point

13049,30. N
13c56'51'N
14.01,24'N

83.38'52" W
83.29'53'W
t3.25',21', Ut

This series ofwatenn€ys app€als to be good habit r. The salinity of the wate. varies ftom ftesh
(salinity 0 96.) in Wa* Wark and Lamlaya rivers to very slighdy brackish (salinity 396") in Laguna Krraia
atxl the mouth ofEstrecho Pika Bih and brackish (salinity 1296.) in llgUlla I&utuu pur"{. A.tl but the
upF. rcachcs of fhe Wark Wa't arc lingedby Rhizophoru nangrov€s, which is suggestir€ of a saline
habitat. Despite the lact lhat Laguna Karata opcns to the Cadbb€an S€a through th€ Bara dc Wawa
(WaB€ Bar), st least eight freshwater rivers drain ioto this s€ries of co6s-tal lagoons, so the srrface water
probtbly is a treshwater lens floadng on top ofa heavier salt$,ater layer TheE is cusid€rable boat t|afic
rlong thc srvey route. lamlaF is Pueno Cabezasl public dock and acc.ss to ir end rstemays. White
sea-goin8 fteighters and tmwlers can tjc up al the wharfon thc bcach ai Puerto Cab€zas, smaller craft
doc* at lalnla'r, €x/en those that haul goods to villages up and down lhe co€st, AII thesc vessels pass
lhmugh Barra de Wawa. A sizabl€ village is locat€d at Barra de Waw4 and therc are fafiiE along lhe
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DtsrANcEs ColrRED

Ifflat" canal and river and laguna Tum Tum
Lagunr Kruiru Pura

hSur$ Krrala crossing
Esr€cho P'I(a Bila
Wart Wa* dvcr

4.0
3.0
2.15
t.0

3t.25
Total l(m $vc'€d 4t.5

Thc distanc€s n -srdcd for the lagoons arc midlinc disanc.s, not thc usual shoreline pirimaer
diganccs Shrllow nudbars. stranded logs and imbedded lree snags prc!€ntcd us from srllv.ying the
s€scm shores oflagu[a Trm Tun and Laguu Kauhnr Pula, Sizc alone prewnted us fiom suwcying
Irguna Karah in lhe time availabl€, so it llas c.ossed in a straight li[e ftom rhe mouth of the rffa*a river
lo thc south entranc€ ofEsirecho Pika Bila.

Oo 3 February 1993, a total of 23 Cainah uocodilus chrapd$/J sighted $€re in the folowing
sizc classes: 0 (Ilatchlings), 4 (2-3). ? (34), E (4-5), 3 (5-6,) and l (Eles Or y). No Crocod us ocatus
s"3 det!€Ied,

On 4 F€bruary 1993, a total ol 12 Cainan uocoditus cridparirE w€re sigitcd: I (Itatchling), 6
(2-3), 2 (34'), I (4-5) and 2 (Eyes Onlr. No Crocorrru ac'rl,rs wEs detectcd.

2. Bamb,rq River

Map sheets Rlo Prinzipolka 3456-lII ard Lagunas Narla)" 3456-IV $€re used for this survey.
Ch lhc nighr of6 February 1993.33.8 kn ofthi! river were sllrvcyed ftom lhe ups8.am $an point to its
contlucncc with the Prinzipolka River The upstrcam terminus *"s selected arbitrarily b€caus€ ofthe tine
ai?ilablq not t!€cause the .iver was impassable at that point.

_ . _ L a t i t u d c l o n g i t u d e
Brmb{a River upstream slan point ar km 8l
Bambana fuv€r end point at conlluencc with Prinzipolka

Rir€r al km 49.2

Water*ry

The Bambatu river is a sizable freshw'rer rive. (salinity 0|)(,) sunounded on its los€r strerches
by adJacent lagoom ard marshes. The river itsetf is not prine cannan habitat lotety becausc its larenuc
honks arc steep (almosl venical), from 2 to 4 meters high and ofrer littte in lhc way ofcowr. The tops of
the banks arc covered with gallery forest and bamboo. The lo*€r ponioru ofthe bank arE devoid of
r€getation. There are rclatively felv logs or brush piles.

DtsTANcEs CovERlD
klh

1303540'N

13"2718'N

E3'54'51'W

83.49',45" W

B€mbaoa Riv€r 33.8
Tolal km sun€yed 33.8

- A rotal of 5 CriD on crocodilus chiaposius wete seen in the following size class6: 2 (gatchling),
2 (3-4), I (4-5). No Crocodylus acltus was derecres.

l. taguna Narlaya, Nrrhyi Brli River, and torrcr B]mb la River.
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lvlap sheets Rio Prinzipolka 3456-m and lagunas Narlaya 3456-IV *rrr us€d for this elrvsy.
Or tla niSht of7 February 1993, 22.6 km ofri!€r and la8mn F itrlctcr shorelirc werc surwyed fiom $e
51an poifi i! the head$"te6 of thc Narlaf" Bila rirlr ina season lly oood.d lagoo. \rilh no iD-fowiog
updtEam channcl, downrivcr to the Nadaya lagooq theo aroutrd thc edire lagoon perincter, and theo on
down the Narlaya Bila dver to tle end point at its contlucnc! .lrith thc Barl|bana riwr, and then down the
BambaDa ritrr to ils conllu€nce with the PriruiDolka ri!€r

I4in dc Irngitude
Narlaya Bila Rive. upslrcam stan point at km 66 13'30'3 l' N
I,agutra Narlata oudet to thc NadrF Bila r €I at km 6O.t 13"30'34" N
Narltlt Bila River €onfluence with Banbant

11.2909. N

13"2718" N

t305542' W
E3c53'13" W

83"51,05' W

83.49'45. W

Rir€r at km 55.2
Bambanr River end point at conlluence with Priozipolka

River at kn 49.2

Thc Narlata lagoons sre enerry-ricl\ pennanetrt &cshratcr bodies of Eater whjch arc
slrroudd by seasonally flooded marsh and savanna. Duritrg the rainy sea3on they expand into tlle
snroutrding basin and retreat during lhe dry season. The suryey Friod vas during lhe e3rly pan ofthe
dry s€gson so lhe lagoons were stin quite large with shallow perimcrcr waiers co!€aing mud llats. Huge
flock oftree duck and whisding duck crowd into the lagoons to fecd on Ina)|0ies atrd other ins€.6.
Lerge numbers of*oodslork, hercns snd eglels flock to lhe lagoons to fe€d on the crori/ded 6sh in the
shrinking bodics ofwater. Similarly, fishermen flock to the lagoons to gill net the cichtid fish and snmk
(Centopo"t6 undecimalis) that apparcndy enter the lagoons to feed and spa\,!. The fish caught are
alded o. shipped on ice and sold in Puerto Catrczas. On lhe Dight of lhc sunry, l0 s€parate groups of
fshcnDen *€rc ca$p€d near the entrancc to thc lagoon. Th€y sef 2 gil ncfs across the updream portion
ofthe Na.laya Bila River, 2 w€re set in the lagoon proper, and 8 rrcre set across the lo*€r podoo ofthe
Narlaya Bila Ri\€r between the lagoon and the Bamtrana fuver. Undoubtedty cairrurls are &o*ned in
lhcsa nct!, but it wrs no( possible to determine the numbers or frcqucncy at the time ofthe surv€y. It is
not clqr to u! whether or not the Narlaya lagoon ar€a is as heavily visired drcughout lhc year as it is
dudng the early dry s€ason. Tlrc €dges of rhe rnain lagooo atc vegetared wirh floaling grass€s and a
grassJ cane, The water was too shallow to be surveyed using a skifr and outboard motoa, so it was
surveyed Aorn a paddled cn)rlcl (dugou cano€).

Walelllay
DtsTANcEs CoVERED

KM
NadaF Bila fuver from the upstrcarn $rn point to the lagoon
Narla'€ l,agoon pcrimeter
Natbya Bila River tretR€cn the lagoon and the Banbana River
Bambana riwr

5.8
5.6
6.0

Total km surveyed 22.6

Atital of34 Cainan crccodilas crtdpartrs *ere sighted in the following size class€s: 6
(Hatchlings), 13 (2.3'),3 (34'), I (5{'), and ll (Eyes Only). No CDcoat&r ac!&rr ras dclected

4. Pdtrzipolka and Kusaia Rivers and Lagunas Kahru and Kisr-

Map sheet Rio Prinzipolka 3456-lII was us€d for this swvcy. On thc tright of E February 1993,
29.95 km of rivers ard lagoons rvere surveyd f.om Oe upstr€am $an point on rhe Kusaia River at rhe
villaS€ ofMango and continued downstream ftrough the ttgun s Kahnr aod Kisa to the conllue$ce wirh
Urc P.inzipolka River and then downriver to thc end point at km 39.25. Krhlu and Kisa lagoons are
srficietrlly narrow ihat it was possible ro survey opposite shores ftom thc middle of the lagoon, so
straightline dislances, rather tlun perimeler shoaeline distances, lr€r€ usad for these two lagoons_ It was
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o|r o.igiDal iotcntion to clntinue the survey to lhc moulh ofthc P.inzipolta at tn 0.0, but aftcr suvrryirg
j$f orcr 20 krD, *e struck a log and were forced to terminate the survey at kln 39.25.

lltitute Loncitud€
KLsaie Rir€r l4'srream $an pomt ar krn 69.2 13c23'12" N
Lagua Katru downilrcam oudet to Kusaia Ri!€r at km 67 .4 1323'21" N
IlgurlaKisa doenstream oudet to Kusaia river at klr 65.6 l324OO, N
Kuseia Fj\,€r c!trf,uenc€ wilh Prinzipolka River at km 61.5 fio25'15"N

t3c5623'W
83055'43" W
83054,56'W
83053',39' W
83.4626" WPriDzipols River down$€aln cnd point at *m 39.25 13024'04' N

The Kusaia river and Kalru and Kisa lagoons are p.imc qlcodilian Aesh$atcr habicat (satinity
ofi.). Mrch ofthc sater in the rive. originatca in e salama $€st ofthevillagc ofMango. Thc b€nks of
thc dl€r at€ over$o*n with vegetation, For€st is s€t back Aom ftc lagoons about l0O metds, with lhe
intcntning slopitrg shorc covered wilh I m high grasses and s€dges. Thc lagoors suppon a rich fish
furia and lhere is an abundanc€ ofemergenl grasscs along th€ msgins oflfte lagoons to ofer co!€! to
young crocodilians,

DIsrANcEs Co\,!R.ED
km

Kusaia Rjvcr and s@ight midline dislances in Lagua Kaln
ard lagulja Kisa

P.inziDolka River
7.1

22.25
Total km surveyed 29.95

Ato',l of 13 Cainon crccodilw chiapasiLs atete sig\ted on rhe Kusaia riltr and Krhru and Kisa
lagooDs in lhe following size classes: 6 (2-3') and 7 (Eycs Only). No Crccoatlss acrrrrd l}as detccted.

Sevln families li\,€ in Mrngo and an addirional20 families li\€ in lhrec oth€r clnmuities
rvithin a few minutes walk ofMango. As a consequence the lagoons are heavily fished. In the village of
Maogo, a 6? year-old former hunter Bhose family moved into th€ area more rhan 40 y€ars ago, rcponed
lhat hide hudting $aned in rhese rivers and lagoons in 1950. He stated rlut both Cainan crccoditE
chiapasiw and Crccodylrs ddl6 rrcre abundanr at that time. Both sD€cie! werc found in rh€ same
habita6, ftough the crocodiies teuded to occur in the deeper $"te$ and tJre caimans in the shallows and
in the sava.nna. He says hundreds lr€re killed and rhat ther€ arc few let in the area, which our o*rl
observatiotrs confrmed. He funller $ared that in this ate Crccodytus datas rcsred io March and
Caitnan cmcodills chiapsils nested in Septcmb€r and October. The lalgi:st Croco 4,tlus aahts he ever
liUd *"s rcpond to be 16 fe€r long.

5. IGldila Tingni (Creek), Kukalaya Lagoon, Pusalaya Tingni (Cr€€k), Kukalaya Riv€r and Wounnta
lagooo,

Map sheets Wouhnta 345711 and Haulover 3456-I were us€d tor thi! sunrt---on other maps the
r|a 'neof lhelagoonandth€vi l lageisslel led'Wounia. 'Onth€nightof l0Februrrylgg3,3l .gkmof
riverE crceks and lagmns were surveyed fiom an upstre3m stan point on Kalubila creek do$r the cr€ak
to ils idet into Kukalaya lagoon, around rhe cnlire perimeld ofthe lagooq do*rr pusataya qeck fiom it!
outct from KukalaF lagoon to irs mnlluence with the Kukataya rivcr, and herce do*i$ream to tlrc
mouth of the Kukalaya river on Wouhnr. lagoon, and along the lagoon shore east of the rivcr moulh to
lm 7.0. The slvey should have conrinued along rhe Woulnta lagoon shorc to km 0.0, but thick
submerged rooted veget lion exTESed by low tide repeatdty foulcd the Fopeller and forced an prenature
cnd,
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f.rtinrdc Ltrqitudc
f.ayubila Tingni (Cr.ek) upslr€am stan Finl at ko 19.8 13'42'22' N
Ka}rrbiL Tingli inlct into llgul|a Ku*ala]€ at tm 15.8 13o43'l?'N
Lg. Itutalaya oudct to PusslaF Tingnj (OEck) rt l|lr 14.4 13043'&' N
AaslllaTrogni conflucncr with Kukalaya River at km 8.? 13042'16'N
Kutalaya Rii€r mouth on lagua Wouhda km 0.0 13o3454" N
kguna Wouhnta stan point at km 0.0 13.4053, N

83"43,40" W
8303901. W
83641tr5" W
E3.39'01" W
t336',52' W
83.33'00'W

This is some ofthc ttest crocodilia[ habitat secn during this suwct projccl. Th€ a.rla is.ich ia
6sh ard $rding biflrs. KaFbila Crc€k is sunounded by atr qxccll€nt i€shwate. tr|arsh: oFn glgss]
mrrsb wilh scgttcred tree islands- The rrater ofthc crcek is dsrt wit! tanni& but is clcar. Th€re arE
nur€rous rooted srlbmerged aquatic plants, ircluding sater-lily. Thc K|,trla}! Lgoon has grassy
rdrrgins itr rDany placrs and in others the forest rsches thc shorc, ThcrE arc cnonnous beds ofat lcast
tm ,pccics of*ater-lily, panicularly in lhe embaymetrts. It wrJ itr these watcr-lily bc& tbat most of thc
caianars wcre foutrd. Pusalaya Creek is a clear, black u/atca stream with heavily forcaad b€nks. Near its
oudet from Kukal4ya lagoon, a 5-10 heclatE tract of RhEophom [6',tgt(]lrE lfu ttc borks of lh€ crEck.
This is a $rprising anomaly sinct this is a completcly tEshwater (0 salinjty) habiiar and nrargmrrs ar€
fouod oowhcrc cls€ along the upstrcam or do\*lstteam portions olthe creck. Thcy arc alBo missing frorn
the KukalaF rir€r riSht down to its entrance into Wouhda l,agoon. The Kukalaya Rivcr has 1.3 m
banls that de coveied with R ffia palms, bamboo thickets, large hpical hardwood trees, and nany
flowcring vi$cs. Floating gnss nutl exlend into the river from rlle tank. Thesc nats would Drovide
co\€r for young crccodilians. At iIl moutL the Kukalaya river is essenrially ft€sh$"ter (2%. saliruryr,
whilc Woullnta Lagool is brackish (10960 salinity)_ The shore of Woulhta lagoon is lircd *ith
mangror€s and lElms. Wouhno Lagooo is shallow along its \rcstcm shore ard ils rootcd srbmerged
aquatic plrnt bds srlppon a siabte runatec popularion.

DIsrANcEs ColEl'ED

I<all|bila Tingni (Crcek)
Kukalaya lagoon
Pusalaya Tingni (Creek)
Kukalaya fuver

4.0
8.E
5.1
8.7

Wouhnta
Total km surveyed 31 .9

Atotal ot 189 Cainan crocodilus chiapatius *we sitghted in lhe followiflg size class€s: 7
(Halchlings),27 (2.3'),9 (34),2 (4.5),2 (5{), and l4t (Eyes Only). No Croaodytus aahtt *6
detecled. Mosl ofthe caimans we.e found in the water-lily beds in Kukalaya Lgoon atrd i! was the stems
of$c lily pads that fouled our propeller and prcr€nted us fom apprcaching rc cainsns closc cnough ro
cstimate lheir sizes: hence thc large number of'Ey€s Only' reco.ded.

Some crocodilian hunting occurs irr these *denvays and the ar€a is heavily traveled. Boa6
rcgulaiy mor€ b€twEen Haulover village oo the €asi€m shore ofdrc Laguu Woohnta and Wouda villagc
at th€ southem end ofthe lagoor and farms and villages inland. The vitlage ofKuLajaya is located on the
south shorE oflaguna Ku.kalaya, and farms are scattercd atong the Kukataya d!€a.

BLI]EFIELDS AREA

6. RIo Kukra Rive., Caflo Negro, and Las pavas Creek.

Map sheet R ma Cay 345I-IV$€s used for this slllvcy. On the night of 16 February 1993, a
tolal of2E.6 km ofwaterr}nys was srrveyed from an upsrrcam slaning point on the Kuk a rive, to ar end
poiol at its moutl! and including Caflo Negro from an upslrc2ln $an point to irs c!trfluercc l,ith rhe
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Kut!'., alrd las Palzs cr€ek from an uprtre3m slan point to its conlluence with thc KukJ,r Originaly the
s|lrry s,rs to include 18 km of mangrovc ftinge facing Bluefields Bay bet*tcn the nouth ofttc Kukra
Rhlr and Blu.6elds, but lhe combination of a dlng spodight batrery ad expos.d sud flats forced
canaallation of lhjs portion.

tatihde l,onsiode
Kuha Rivcr upstream s!.n point at kn 19.2
Kulire Rive. nouth at km 0.0
Cafio Negto upsteam $an point at kn 22.5
Caio N.g!o mouth at km 14.5
I$ Pa\as cr€ek upst eam $an point at km l2-2
Las Pavas cr€ek mouth at km l0-8

11"53'30'N
11.53'3?" N
ll.57,l?" N
n'54,27" N
11"54,54" N
11.54'19'N

This s€ries of\ratenr€ys would be good c.ocodilian habilal eere it not for lhe nurnbcr offarms
scarcrcd ,loDg the banks. Thc cntire synem is freshwate. (salinity 096.), includiog the Kukra River right
do*'lto its mouth on th. saltiyater Bluefields Bay. The banks arc covcrcd with natry R fra palns rnd
l€athcdcaffcrns [4crortcrrDr sE). Floating mats ofgrass o$end ou! from the shore and would provide
e",(cellcot covea foryolrrrg caimans. Rhi2ophora ma gtova ar€ largely abscnt ftom the system exc€pt for
the h€ad*aters of Caflo Negro, where errlensive stands ofsdrdl (2.5 m high) n rzoprora nangte o.(10t.
Though black with tannin, the water is clear.

83.54',51" W
t3c49',26'W
83.5425' W
83.53'36'W
83.52'58" W
83.52'46' 1{

DrsrANcEs Co!ER!D

Ku&ra Rivcr
Las Pavas cre€k
Cafio NeEro

19.2
1.4
8.0

Toral km survcyed 2A.6

A totAl oI ll Caiman crocodihts chiapanls werc ighted in the following size classes: 6 (2-3'), 2
Ga), I (a-5'), I (56'), and I (Eyes Only). No Crocodytus aclrr.r was delected.

7. Nari River and Big Lagoon.

Map sheets La Fe 3453-Ifl and Carlos Fonseca 34J2-IV were used for this survey. On dle night
of l? Fcbnsry 1993, a total of30.5 km of river and lagmns was srrweyed ftom an upstleam end point at
km 30 km 2.5 to its the mouth on Lagunas de Perla!, and including 3 km ofp€rimeter shore in papta and
Big lagoons.

_ Latitude t ngirode
Ntri upsrEam $an fbint al km l0 12'19'35" N E3.4E39" W
BiB hgoon mouth at km 6.8
Nari Pirlr moutb at km 2.5

12.26'09' N
12.28'05' N

83.46'12'W
83.46',22" W

- This is ao entircly freshmrer slnem (salinity 0r5o). There wErE many logs aboi€ km 18 on the
Nad. ehich slow€d the survcy a brr. In addirion, the t 2-vott spotlight faited and the $ficy *as firished
llring lhe backup 6.cell Mag-Lite. The *aler levet .sched the top of the bant and extended into the
snrounding falm for€st. Big Lagoon is fringed with Rhizophom I'.4|a\gloves-
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DtsrANcrs CovEnlD
Watcrwey t[r
NadRii€r n.5
Big kgootr
Papa lrgooo

2.O
1.0

Tobltmsuwcycd 30.5

Atol,trof 16 Cainnn oocodilus chiapasius \ et sightd i! tbe follo*ing sizc clsJses: I
(Hatc inD, 5 (2-3), I (4.5), I (5{), and 8 (Ey€s Only). No Crocoat rrs aclrrrs fts derecled.

Th€ iari and all the surrounding r €rs, creek and lag(i)n! at€ hcavily hutrted- We iote.vic*cd
lhre€ crbcodilian hunte$ in I-a Fe, near the mourh ofdE Nari, who told us tlEt thcy cach kitted between
200 atrd 400 caitnaj|s and crocodiles a yerr, prilrarily in lagootrs that could not bc entered direcdy from
rc rivcN but corld only be reached by dragging a caluca (dugout canoe) to thcm adoss latd. Mo6t ofthe

hid6 .Eponcdly eerc 2-3' in length.

8. Waraslung fuler

Map sheets San Vic€nre 345UV, Rlo Wa*?shang 3454-m atrd Orino.! 3451-I ucre used for
this suvey. Or lhe night of 18 F€bruary 1993. 20 km ofiha Wan€shang Rircr r€s survEyed be$€en the
upstr€a.m slan and do$rstream end point, Other maps and reports in the litcratue sp€ll lume ofthe river
as'Wawasang.'Thespellingisfurtherconfi$€dbythear€abcingpartoflheWawash.anForestReserve.

Irtihde Irngitude
Wawashang River upstream sta( point at kn 37
Wa*"shang River end point at km 17.25
Wa*"shrng River mouth at km 0.0

Waten ay

12"41'42'N
12.39'21" N
12"33'12" N

83.50',31. W
83c45'01" W
83"44,45" W

The end point is 1.25 km above T.inkulang, which with over 30 housea, is the targesl viltag€ on
the Wawashatr8. There are farms upnleam ofthis poinE but matry more are found dost|slftan. The
Warwsbang is a fieslMater river and excellettt crocodilian habilat. It is a clesr, slightty rnilky, black
$Bter rii€r. The bank vary from 2 ro 6 meters high, most covered with vegetarion. Along the lowcr
slretchcs, thc bar*s are coverd wirh R flia palms, slands of b6mboo, and s€cond gro*th vegelation rhat
is r€claiming old f,irms- There arc nrany vines. Floating grass fiuts s\teod out sevcral meters ftom thc
bank. Upslr€am where the originat forest .emains uncu! th. ba[ks art shaded by pdmary canopy tr€es
l0O f€e! or taller. Mrny nussive hardwood trees lean out over the .iver ftom rh€ bank5 to shade th€ nrlter.
Under the trccs the ban.k is bare or widr a rhin cover ofhc6a€€ous i€ge!.tioa. Abovc km 30. nany loSs
a l brush piles panjally obstruct the river. In additio& abo!€ attout km 36, pebblc shoals impede travel
by ootboard motor. It t}"s one such rocky shoal tlut &tdmincd the upstrcam tcminus. Thcrc aft 20+
laSoons, former oxbow l*es, oEthe nain ri!€r. Most are not cln&cted to thc riv€r. Tapir, qhite-lipp€d
pcccary, deer, panthcr (Felis concolor), jagl'tar, c€Aots, and paca arc foond in thc area.

DtsTANcEs CoVERED
kn

Wawashang River 20.0
Total km $rr€)€d 20.0

A totJJ of 2 Caimon crcco.lilB chiaposius 'Nere sightcd in rhe foUowing size classes: I (2-3,) and
I (Eyes Onty). No Crocodylus aatus was denecte'l.

Since most olthe fanns are dowMiver from the suwey routc, alrhod certaioly lhc scarcity of
olcodilia$ is the r€sult of huntiog pressure_ We ioterviewed a huntcr on the Wawshang who rcporcd
tilling 300-350 caimans a year. Most are found nor in ihe river proper, bur in the lagoons associated wilh



the .ivcr Reponedly, lhe caimans are found in the lagoons during thc high .watcr and do not etter th.
rive. util lhe $ater in the lagoons falls during th€ dry seasoo. Thcy arE hunted by draggiog a caluca
(rlugdrt caDoe) into lhe lagoon &om thc rirtr.

9. Blaa& Wate. Creek.

Map shcct Bluelields 1452-n $"s used for thb suwey. O! the night of 19 February 1991, 29.05
km ofairra g?3 surveyed faom an upstrsm $an point on Black Watcr Creek to its moulh on the
Escondido River, including La Linea and Los F.ijolcs cr€€k Aom upstream $a|t poiots to their
conf,urnces wilh Black Water Crcek. Black Waler Crcek is the frst nanrc on the mans. but thc cr€ek also
tE s tlc sccond natrtc of'Ca.fio Negro'. Many Carlo Negro,s can be foutrd duougho;r $e counny (c.g.,
!e. localig 6 rbor€), this onc is immediately nonlvr€sl ofBloeficlds and is a tributary oftfie Esclndido
river To aroid coniEion. rl€ used the English n me here-lhc r€ader is also refenEd to the latitude and
loryitude slan and endpoinb.

Latitudc
Blacl Water Crcek upstream iart point at km 2?.25
Black Warer Cr€ek moulh and end point at km 0.0
h Linea deek upstream stan point at km 2?.0
I"a Lin€a crEek mouth at km 26.0
l,os Frijoles crcek upstream srart point at km 22.9
L,os Frijoles creek nouth at km 22 I

12.02,51" N
12.08'08" N
12.02'06, N
12.02'3t" N
12"02'34'N
12.02'47* N

E3"54' l l 'W
83046'10'W
83"54'08" W
83"54',16'W
83.52,07" W
83"52?0' W

This is a A€shrrtter river (salinity 2yo at thc upiream end poinr ofBlack Wate, C.eek and 0 960
thmughout dle rest ofthc syslem). Mangroves are largely absent ftom itr b€nk. The rirs hasb€€r
heavity settlcd in the pasr. bur many of the dverside farrns sholi|l on the 1988 edilion nuD sh€€ts are
gone, denroyed by that yeals hurricane. More of $e fams otr rhe hill tops secrhed !o have su!,rv€d the
imricane, but the ones along dre river's edge are gonc. Mrch of lhe rirtr swamp forcst a.lso is de3d as x
result ofthe hurricane. Talt groves of d€ad limbless rrunks slrrouDd€d by a dens.. l-5 n high. riicket of
secoqdary golrlh is a reminder of the former foresl. There bankJ are covercd *ith rnanv nafra oarm.s-
lstherlcaffems (,4./orrrcrrz s!.), s?ider lilies, and yellow ajlariarda vines. ]'he ban*s are cwcrea wittr
vegetatiol right dorn to the warer with no e\:posed banks cxc€pr at active farms.

Wateaery
DrsTANcEs CowR.ED

km
Blac* Water Creek
l, Lins creek

27.25
1.0
0.8Lo6

Total km suiveyed 29.05

A to/d of 20 Caintan crocodilus chiaposius wtxe sighted in lhc following size ctass€s: I I (2-3,),
4 (34), 2 (4-5), and 3 (Eyesody). llo Crocodltus aat /s was delecred

Thc proimity ofBlack Water Cr€€k ro Bluefields and the heary boat Irafiic atong this .ivcr ley
tccowt foa thc scarcity of crocodilians. Hunting undoubt€dly is another raason. Caiman ncrc soarse m
tlte thiddle stletches of the iver wh€re tlrcrc are s€leral large rrlrking catde and hors€ ranches. Hou€ver,
it is intcresting ro nore that many of the cainuns sight€d *€re directly in front of aclive farms along the
lowcr stretch€s of the river. They might be rtere to scar€nge fish entrails cle€ned at thc *ate/s edge, or
hunteE might b€ reluctant to kill c.inuns dir€ctly ir front ofsom€one,s hous€. In anv evenl lhc rEonry
ofues€ cairuJ|s were smajl {2-J') and wett hidden In lloaring grass mab.



SAN CARIOS AND THE RIO SAN ruAN AREA

10. Rlo Goacaiilo Mejo and shorc oflake Nicamgua"

Mrp sheets San Carlos 3249-IlI snd Colon 3149-tr r,E c used for this srlwcy. On tle nigha of 23
February 1993, e tot l of?.s km ofriver and lakc ahorc qErc $rve'€4 including dr. Rio Cuacelito Vicjo
Aom the upstrea.d stan point (where fload0g vegclation blockd ftnhcr p€sggc) to its drouth on Irke
Nicaragua (= kke Cocibolca) and 3.5 km oflake Nicangua shor€ slaniog c\tending €ast ftom the
muth of Guacalito Viejo.

Latitudc Longitude
RIo Gua.alilo Viejo upsrream shn pornr it km 4.0
Rlo Guacalito Viejo mouth ard eod point at kln 0.0
Lake Nicaragua shore $an point al mouth of

Rio Guaca.liio vicjo rt km 0.0
La*e Nicaragua shorc end fbint at km 3.5

l l '0t '30" N
u'02'50" N

I1.02'50' N
11.03,35, N

E4"59'50'W
84"58',45" W

84c58',45' W
84"56'53" W

The Guacalito Viejo is a fteshlater rivcr (salinity 0 ) draining a widc nursh. Mat5 offloating
l,cgctation ftom 5 to l0 m wide obscured the schr2.l width ofthe r rr and lefr all open chantrel5 to l0 m
mde. Thebanks $€re made up offloating camelote grrss, sawgrass, snd hydrccotyle. The rratea was
muddy.

The Lake Nicaragua (salimity 0 ) survey lr"s rnade +100 m ofshore through lhallow water and
cmcrgent brush. Sighting quality was inconsislent becals€ of rising mist and incr.asing wind. The
srrwey lras terminated when the outboard motor b€came ent ngled in a gill-let slaked out in the sh2llows
and fie l2-voh spotlight battery died.

DtsrANcEs CovERlD
kln

Rio Guacalilo Viejo
ktc Nicaragua shore

4.0
3.5

Tolal km srrrveyed 1.5

In the Guacalito Viejo river . total of 4l Cainan uocodirr.r crt pasrr.,s were sighted in lhe
followiog size classes:7 (Hricl ings).4 (2-3'),5 (3-4r),2 (4-5), and 23 (Eycs O y). Nocrocodylus

The number ofcaimans sigbted clearly indicetes that Rio Cuacalito Viejo provides good habilar.
The floating vegetation provides cover for young ard aduh annnak alike; and a nujority of the caimans
sightd (3? aninals) were in vegetation in dre warer.

Along the shore of La*e Nicatagua a total of 2 Cainan cftaodilus chiapastus werc sighted in lhc
following sizc class: 2 (Eyes Or,ly\. No Crocodylus acutus r&s detecred.

\trhile lhe dislance wls shorr. tl|e number ofcainans found during the la*c sho.e survcy is
signfica in light oftlE number of fishermen Oolh net and hook and line) rro*ing tb€ area. There also
is considerable trafiic from pleasure and passcoger boats in tie lake, rhough the shallows and rooted
vegctation keeps a good bi! if it fufier otrshorc.

ll. Rio Zapote.

Map sheets San Carlos 3249-Ill ard fuo Zapote 3248.IV were uscd for this srvey. On rhe night
of23 February 1993, 9.7 km ofthis river was $rveyed, from th€ internarional border widr Cosra fuca
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upstrEam to its mouth in Li.ke Mcamgua. The rivcr is still navigable well bqoM the Costs
Rica/Nicaragua border, but the lurvey did not cross th€ border.

latiode lrngitud.
Rb apote upslrram endpoint al krn 9.?
Rio Z,cpote moulh and end point at km 0.0

10.58'04' N
ll€01's7' N

84"53',12'W
84.5314" W

This is a fteshwaler.ir€r (salidty 0 ) flowing otrt ofa|| cxtensive lr|arsby f,oodplain. The
maps show llc rivcr b€ing relatively slraighl, but thc floating truts ofcamclotc grass cxtcnding out ftom
rhc b€rts narow the width hy 'l and tum it into a winditg cours€. Bsnks ale alrnost ron€xi$ert
dowtrstream, their Elat € positiod being ma*d by l-3 n Ngh MdtE ra.O?€ he|baceoos marsh plrnts.
UFlrcam the baoks are 0 to I merer high and are quitc Faty. There they support a nalroll Ctery foresr
ofFicrrr, ceibos, some Rala palms and other trees, most are coverEd with virEs, including a climbing
8rass. A papFus-like C/p"zs also occurs in the upsfeam cam€lote.

DISTANCES CoVERED
km

Rto Zapote
Total lln sulveyed 9.7

Ato,A ot 2L Caiman crccodilut chioposius *Erc sighted io the following size classes: I
(Hatchling), 9 (2-3'), 5 (3-4'), 2 (a-5'), I (56'), and 3 (Eyeso(ly). Nocrocodllus acLrr.rr \ras derected.

Dcspitc lhis river being relarively close to San Carlos, it supports a fair population ofcainrans.
This nay b€ a cons€quence of the river t€ing pan of the Los Gutuzos Wildlife Reftge or a reflection of
thc scarcity ofhunters in this area.

Map sheet El Castillo 3349-III was used for thb surr€y. On the night of24 February 1993,5.5
km ofthis river ir"s suFeyed from dle upstr€am ian point to its conlluence wirh the Rio San Juan. Were
it trot for the pr€senc€ of multiple logs in the river and .ocky shallo*s, more of the .ivcr could hw€ b€en
slrfvqed.

9.7

Irtitude Irnsitude
Rio Sahlos upstream end point rt km 49.7
Rio Sabalos moulh at km 44.2

DtstANcEs CoVERED
km

11"04'28'N
11.02'27'N

E4021'41" W
81.28'32' W

This is a fresh*ater (salinity 0%o) ril€r. The river is heavily s€ttled. Farms line the lo*er
$rerches ofthe dver. None ofdle original loren vegetarion remain. Pasorc grasses cor€r the bar*s right
dos1| to the*€ter. The.e is litrle floaling vegctation, sav€ for a thin fringe of*ater hyacinlh
(nchhomiar. At km 4.5 there is a enormous sa*mill. now inacrive. Above the nill the ril€I is strM
with sunken logs. Above km 5.0. tlere is a thin fringe ofgallery forest compos€d ofF,ctlJ ard an
occasional c€iba, Under llrc lrees the banks are covered with a small-leafed fem. Tlre water is clear and
stghdy nitky.

Rio Sabalos
Tolal krn suryeyd 5.5

A rc,d of2 Cainan crccodilus chiop8itls u4-rc si'hred in the following size classesj I (3-4,) and
| (54'). No Crocodylus a.,rur lvas derected.

5.5
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Wlile ihe number of km sui!€'rd is not grEat,lhe scarcity ofcailtrars on this rivcr rEll€ct thc
loss ofnost oflhc qur.lities that would nake it good crocodilirn habitar: vegelativ€ cover i! missin& the
drcr is hcavily travelcd, atrd many human sctllemcnts line its bank.

t3. Rio Isla Chica.

tv{ap sb.ct Lr Azuc€na 3249-U war used for lhis surwy. On the night of24 Fcbruary 1993, 6 km
of thb snal dver lras surl€'€d ftom lhe upstream $an poi.t n€ar thc Coda Rican bord6 to its
confluencc *ilh lhe Rio San Juan.

Ialiludc Longitude
Pio lsla Chica upstrsm $an point at kn 39.7
Rio lsla Chica mouth and end point at km 13.7

11"02'45'N
I1.04'06" N

84034'20' W
84c33',00'. W

This is a t€shwater (saliniry 0960) river wilh clear .water TIle upper seclion is app.oximately l0
n widc wit! mud banks 0.5-2 m above the water, numercus logs and oi€rhrnging vegeiation. The lon€r
3 km floll€d between lo* grassy banks with extensive rnats offloating camelote grass.

Walcr*?y
DtsrANcEs Co\ERED

ktn
Rlo lsla Chica 6.0

Total km s!ryeyed 6.0

Alstal of9 Cainan crccodilts chiapasius aterc sighted in the follo*ing size classes: 3
(Hatchlins!), 2 (2-3), I (34'), and 3 (Eyes Only). No Crocdd),16 adrt r *9s derecred.

Despite the favorable appearan€€ ofrhis river and the absence of hwran oclupatio& the densiry
sighted was relatir€ly low wilh molt of the anirnals being near to lhe conllueocc with thc San Juan.

14. Rio San Juan.

Map sheets El Castillo 33489-lII. la Azucena 3249.tr, d San Cailos 3249.m *€rc used for
ihis survey. On lhe night of24 February 1993,41.75 k$ ofthis river*€rE survc'€d upr €r ftom the
do*nstreah st n point at tle moudr oflhe Sabalos .iver to the public dock in Sat! Cados (the uslar
coN€ntion of measrring distances upstr€m fiom lhe mouth ofihe aiver rEs not followed here becaue of
the enormous distance berween llle mouth of the Rio San Juan on the Atlartic coast:nd thc $rvev slalr
poun).

Latitud€ Loncitude
Rio San Juan downstream stnn poirt ar mouth ofRio

Sabalos at km 44
Fio San Juatr eod poirt at San Crrlos public docks

at km 0.25

11.02'2?" N

11"07't4" N

84.28'32" W

E4.46'39" W

The Rio San Juan is Lake Nicamgua's outlet to the Atlantic Ocean. It is oac ofthe largesl rivcr
fu Nicaragu& 100.200 m in widtl! and one that slpForts nujor passetrge. and fi€ight boat traffic bet\rceo
Lake Nicamgua and domslream mmmunities. Large to*,ns and villag€s are scattcr€d slong its banks, as
arc nunercus fanns, Yet despile this developmenq much ofthe dver remains in relatively nanrral
c-onditioDs. The banks are clearcd near centers of hunan acdvity. Here banks nay be barE or covercd
nrltr pasturc grasser. Elsewherc, 0oating mats of carnelote grass extend l0 or more metcrs ou! fft,m t}Ie
benk into the river. Around lhe moutl$ oftributaries, gallery forest.enuins. AII rhis ve8etation provides
cover for caocodilians, panicularly young animals.
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We rould havc prcterred to have conducted this sun€y wilh t*! boats, one euvqidg one side of
thc .ir€r aDd the conpanion boat surveying lhe oppositc sidc- However, continued problcms wilh l2.volt
spollight bat&ri€s forced us to cooduct most of this survey ftom orc boat nluring do*n lhe niddle of the
rivar. This, plus the widlh oflhc rivcr snd the length oflhc s:lrvcy and lhc number ofcrccodilia$
sighted, made n impractical to run back and forth tct\r€en the opposiie brnk to eninate sizc ofthc
ad[als sigbted As a con$quencq this suvsy was dividcd into tno distinct seclioDs: sizc classes F€rc
rE ordcd for all thc crocodilia$ sighted h onc 4.5 trn strelch and a simple tota.l ofa.ll the crocodilia[s
sigitcd bct$Gn Oc stara and end points n€s recordcd *ithout regErd to sizc classcs for thc rcmaining
39.25 tm oftbc slrvcy.

DrsrANcEs ColERtD
ktrl

RIo Stn Juatr 43.75
Total km srweyed 43.15

Atc,,l ot 650 Cainan crccodilus chiapa:ius *rft sighted b€trcen the end point at km 0.25 and
rc start poiot at km 44, in.lrdi^g 120 Cainan c?ocodilus chiapasius ia lhelollowing size classes sighted

h the 4.5 km strerch berweeo krn 38.3 and km 33.8: 24 (Hatchlines), 29 (2-3), 2 (34,), I (4-5,)i and 64
(Eyes Ooly). No C/ocodyirs a.rrr.rlvas detccted.

The number ofgmups ofhatcNing sized animals indicates tllat actiw nesting continu€s ar nany
locations along the river, allhough relat €ly few adult sized animals were seen.

lUap sh€€ts San Carlos 3249-lII and Azucena 3249-[ nrre uscd for this s!n€y. On the rightof
25 Fdnury 1993, I1.5 km oftiis river were suweyed from the upsrenm dan point on the Costa Rican
ttorder to its mouth on the Rio San Juan.

hitude lrneitude
Fio Frio ups|Ierm sta( point at Cosh fucan border and

km l l .5 l lo02'49'N
Rio Fdo end point and mouth at km 0.0 I lc07'04' N

This frelhwater dver (salinity 0%,) is a majo. avenue for trafic b€t\r€en Costa Rica and
Nicaragua. Pass€nger and freight boals pass up a.d down the rir€r daily. The *2rcr is sligh y muddy.
The lo*€r reach€s oftlie river are lined wilh farnls ard ranches. In this s€clioo lhe 2-4 n high bank are
corcr€d with pasture grasses. Wlere the banks aE venical, the bouon 0.5-l m is barc lateriric clay_ Low
baDks are c$€red wilh Mlmota-like marsh vegetation, Above the border ch€akpoint at La Espeaarza at
ko 7.0, lhc bar*s support a g llery forcst of Erythrina, Caista, bromeliad ladcn eibas, R tra patrns, and
nun€tous vines. Therc is liltle floating cam€lote grass. The rpslream banks arc almost like leve€s
sepa!'ating the dver fiom the surrounding low floodplain.

Drsr, NcEs CoIERED
km

84044,39. W
84046,35' W

Rio Frio u.5
Tolal km surveyed l l . 5

Aroral of 53 Caintu crccoditus chiapNius werc sighted in the following size class€s: 5
(Hatchlings), 20 (2-3'), 4 (3-4'), I (1-5'), and 23 @yes Oity). No Crocodyttls acur6 was derecred.
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Thc relatirc abundanc€ ofcaimans, delpite lhc hcavy hoat trafrc, night Edect d€crcascd
hutrti[g Frssure as a result of thc prcscdcc of military Frsonnel at th. borde. chcckpoinr Thc dr€r is
pon ofthe I.06 Guatuzos Wildlife Refugc.

16. Boca Archa C.eek.

Map shc€t Sa, Carlos 3249-[I was us€d for tftis survry. On the dght of25 F€bruary 1993,4_5
*m oflhis river s survet€d from the upstream stadng point to its moulh on Lakc Nicaragu4 in€luding
a small utrtramed tribulary entering the right bsr* ofBoca Ancha at ke 1.8 atrd *lcoding upstr€am to the
€d poinr

Iltitutlc Laogitude
Boca Ancha upnream stan point at km 4.0
Boca A&ha nouth and end point at km 0.0
UDnam.d tributary nouth on Boca Ancha at km 1.8
UMamed tributary upsuealn end point at km 2.3

c03'20'N

11.04,30'N
ll'04'17" N
11.04,16, N

84.4J,45" W
84'4720" W
84"46'17" W
84"46'03'W

This is a shon black waler creek tlowing into Late Nicaragus from Oe inundated narshes south
ofthe lake. There are c\tensive ma$ ofsamelote giass and *ater ht€cinths lining the banks and
ext€nding into the crcek, similar lo other river in this region.

DtsrANcEs Co!DED
km

Boca Arrcha creek
Unn med t ibutary

Total km suweyed 4.5

A tolal of 50 Cainan crccodilus chiapatius werc sig)\ted in the following size class€s: t5
(Hatclrlings), 18 (2.3'), and l7 (Eyes Oniy). No Crocodylus acutus w6 &te,;led.

This cr€€k is pa't of tle Los Gu.?tuzos Wildlife Refugc.

MANAGUA AND THE PACII]C COAST AREA

17. Estero Real La Garita.

Map sh€ct Pue(o SandiDo 2852-IV was used for rhis s1[vey. On dte nighr of I March 199], a
total of 16.5 kn of river and esrunry werc surveyed, ftom the upsream $aning [Dint on Esterc La
Gasolina and including all ofEslero Real La Carita from an inpassable upsream sta( pint ro iis mouth
on the Pacific Oce3n.

Latitude Loncitude

4.0
0.5

Estcro h Gasolina upstrelm shrt poinr at km l2 r2.19'00" N 86.56'46" W

86055'28. W
86.56'09'W
E6c52'38' W

E$ero I,a Gasolina conlluence with Estero Real la carita
at k0 8.? 12.18,09. N

Eslero R€al la Ga.ita upsrream shrt poinl at km 13.2 l2ol9,l9r N
Esterc R€al l.a Garira mouth and end point al km 0.0 12016,l I' N

This is a meandering $hwatet n|.ar,gloye (Mizophoru') €sruary. Salt parls for the production of
salt have becn dredged out ofa good bir ofthe higher nan$ov€. In 1992, Salinas Gnndes, the b€ach
front villagejust sourheast of the mouth of Elrero Real La caril4 was swept a$€y try a tidal wa\€. The
nassive number ofdead and broken mangroves on the banks and blocking thc wlerways is a slark
eminder of that event.
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DtsraNcEs CovERrD

Estero La Gasolina
Esterc Real La Garita

3.3
t3.2

Tota.l km sirveyed 16.5

During the afremoon of I l\tarch 1993, as $€ reconnoitcred tlte su$€y route we saw 7 crocodiles
basbng on the creek bank or in tlle water. These l}€re all seen clsrly and $€rc in lhe following size
cla3sesi 3 (2-3'), I (54), I (6-D, r (?*), and I (8-10'). Cle3r pbotographs wErE obtained ofthe two
largest .ninlals. These crocodil€s rr€re all in the sectioo ofE$ero l,e Caritz km-9-12 and nosi of the
aninals $€re secn a8ain during the night srrwey four hous laler In additio& fresh tracks and slides of
an additiooal 5 different crccodiles w€re noted. These infomai da''time sighrings are nol included in the
quantitalive survey resulls or analysis. We also insp€cted th€ site ofa crocodile nest ftom the previous
(1992) nesting se{lon n€ar km ll otr Eslero Gasolina.

During the night s?ollight survey a toral ol t8 Croco4rlrs r"riff $€rc sighted in the following
size classes: 2 (Hatchlings).2 (2-3'),2 (4-5'), a 12 @yes Only). No Cain , crocodilus chiapasus *as
detccted.

18. Estero Ciego, Estero Cangura, and the Izapa and Lo! Arcos rivers-

Mrp sh€€t Pueno Sandino 2852-IV was used for this survey. On the night of 2 March 1993, a
total of22.3 krn of mangrove estuaries and rivers were sun/eyed, from an upstream staning point on the
Estero Ciego to Estero El Tanarindo (they ar€ diferent parts of the same cootinuous cstuary) and rhe dry
dock io Pueno Sandino, including Estero Canglla from an impalsable upstr€am staning point to its
conlluence with Estero Ciego, and $e Los Arcos dvea from an impassable upstrefin $art poinl to its
confluence with the lzapa river and hence downriver to the Estero Ciego. The upsream t€rminus of
Est€ro Ciego was chosen becaus€ beyond lhat point much of $e tabitat has been convened lo salr pans.

Lalitude Lonsirude
Eslero Ciego upslream stan point at km 12.5
Eslero La Cangura upstream start point at km 8.5
Eslero La Cangura conlluence with Esterc Ciego

al km 4.5
Los Arcos river upstream ian point at km 6.E
Los Arcos river codluence with Izapa river at km 6.25
Izapa river conlluence wilh Esrero Ciego at km 1.5
Estero El Tanurindo end point at the Puerto Sandino

dry dock at km 0.0

12014'34'N
12.15'08'N

1201342'N
12"14'15" N
12"14' t2 'N
12'12'49'N

12"t2'03'N

86'49'36" W
86"47',52' W

86'47'39" W
E6"45'53'W
E6.45'38" W
86.46',1?' W

86045,50. W

This is a sal$?ter and hpersaline waterlr?y. Th€ salinity in the El Tamarirdo estuary ar Puerto
Sandino is 34%o, and at lhe upstr€am soning point on the Ciego estuary it is 44%c The dominanl
vegetation evidert along all thes€ watenmys is R ,io?rord rnangroves. The mangrove peat bank are I m
high. Lowe. banks are composed ofnud and otrer limitd basking sit€s for cro.odilians.

DrsTANcEs Co\,ERED
krn

Estero Ciego-El Tamarindo
Esteao Cangura
Los fucos aiver
Izrpa river

12.5
4.5
0.6

Toral km surveyed

f)9

22.3



Atllt,J d6 Cmcodylus dL'utrrr rlerc sigbted in the followitrg size ctass€s: I (3-4), I (6-7'), ard 4
(Eyes Only). No Carrrar c/o"o dilus chiapasius wat der'.efited.

19, Eslero Rcll upslream ofPuerto Morazen,

Map sheets Pue.to Mo.azan 2754-I afll2755-[ Villanueva 2854-V. Tonrla 2754-[. 6nd Vilta
15 de Julio 2854-m were us€d for this surv€y. On the niglt of 12 March 1993, thc upper Estero R€el
n!€r $?s $rvcy€d staning at lhe village ofRigoberto L6pez P6rcz and continuing do$Tstr€am for 33 km
to tlle conflu.nc€ of Esterc R.€l and $e Este.o El Tempisque. The first 12l(m was above thc c!€slal tida.l
rn ngrove, ard tbe aemaining 2l km s,as in the margJor€ zone, No satinity rei'aclometer lvas availablq
but this s€ction oflhe rive. ebove the trungrove zone is sisum€d to bc frcsh. Eveo in lhe nanATov€ zorc
lhere prcbably is a leos offrcsh s?r.r on lhe surftce dunng tow tides and following lains

This sun€y was conducted by IRENA Frsoonel after tho CITES coordinators had retumed to the
U.S.A. This are is similar to Estero Real La Gaiita/Estero Ciego coastal mangoves near pu€rto Sandino.
bdensirc lidal mangrove lftickets suround salinas and are bisecled by ridat cr€€ks. The total habid arei
lying in this rcgiotr on lhe south side oflhe culf ofFonseca (cofo de Fonseca) iB grearer than 450 square
kilon€ters.

Rigobeno L6p€z Rirez upstrsm $an point st km 0.0
Beginning ofnangrove zone ar km 12
End point sl Eslero El Tempisque at km 33

Upper Estero R€al (riverine) to nangmve zone
Eskro Re3l nan$ove zone lo Eslero Tempisque

12"48'40' N
12"49'45' N
12"49'3E" N

lltitudc

kn

86.56'30' W
87$0'14" W
aToT2S" W

12.0
21.0

DIsrANcEs CovERxD

Total km surveyd 33.0

Three crocodilians, all conlidently assigned to CrocoarlllJ aezrlr *€re sighted in the firsl 12 km
section above the rnangoves: I (5-6) and 2 (Eyes Only). In the 2 I km nEngrove s€crion a total of 16
(Eyes Only) n€re sighted. No CoinM crccodilus vras &tf'1ed.

20. Este.o R€al, Esrero El Chorro and tributaries.

Map sheet qnero Re3l 2?54-IV $"s used for this survey n€ar the mouth olthe Estero Re3l on the
Gulf of Fons€ca. On rhe nighr of 13 March 1993, s?odight surveys l}erc mnducted do*nstream from an
upstream end point at Estero El Embudo to rhe contuence ofEstero El Cho'ro (*hich is continuou! witft
Estero El Embudo) and ircluding lhe tribuaries Estero Tronpa De Chancho ard Esterc Cervante!.

_ _._ - . lllitude Longitude
Estero El Embudo upsrre3m $an point st km 10.0
Mouth ofEstero Tromba De Chrncho at km ?.0
Mouth ofEsteao Cer%nles at km 4.9
UpstrEam end ofEstero Cervantes at kn lo.J
Moulh ofEslero El Chorro end Doint al km 0.0

1205t '33'N
12.52'00'N
t2"52'22" N
l2'52'35'N
12'54'42'N

87.23'05" W
47.22'tS" W
8?"21,40' W
8701942'W
87.22'00" W

This arc is pan ofan extensive, 3-5 km wide, mangrove fringe lying aloog tbe southem shore of
th€ Gulf ofFons€ca. This survey tr"s conducted by IRENA personnel after the CITES coordinalors had
retumed to the U.S.A.
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km

Enero Enbudo and Estero El Chono
Elelo Trompa Del Charcho
Esero c€Ivantcs

10.0

5.1
Total km sn|sy€d t7.0

A iota.l of2 (Elrs Odly) sigltings were rDadg both ofwhich arE ,ssuned to be Crocoarlrr
acrt6 one s,Es locat€d in th€ snall Eslero Trompa Del chancho and lhe othcr at the upFr end of
E(ero Cervantcs. Thus both crocodiles in this suwev wer€ at morc Emote and nBc.a*sible locstioff. No
Cainan crocodiltls was &t.f,c,l.

21. Eslero R€al, Estero Marcta.

Map sh€€l Esterc Rerl 2754-IV was us€d for ihis survey. The survey route lies approxiinately 4
km upsrearn rnd easl ofEstcro El Chorro (survsy 20). On th. nigbt of 13 Malch 1993, from a {an point
at lhe uppff limit ofnavigation at km 12.5 on Estero Mamt " a slodight survey *"s conduct€d
do*Tstream io its confluence with Estero Real.

Latitude lrngitude
Upnicain stan point at km 12,5 on Eslero Marota
End Doint at km 0.0 at lhe mouth ofEstero l\{arota

l 2 ' 5 1 ' 3 1 ' N
12'5503" N

n.rc'26" W
87.19'45'W

This suF€y $r3s conducted by IRENA personnel afrer lhe CITES coordinators had retumed to the
U.S.A. Thc habitat is sinilar to that at Est€ro El Chorro (s€€ suryey 20 6bove).

DtsrANcEs Co\,ERED
km

Enero Marota t2.5
Toral km surveyed t2.5

Latitude L-ongitude

A iotal of3 socodilia$ were sighte4 all Cro.oat rs acrr6: I (56') and 2 (Ey€s Only). The
tidat saline mrngrove habitat oflhis arca nukes lhe assumption that the 'Eyes O']jy' w.rc C. acutus
almost certain. The lhrEe crocodil€s werE s€€n in a 600 m s.ction of the cre€k 3 km from lhe conJluence
with Enero R€al. No Cainan cftcodilus \6 &tf,te,..

22. kke Nicaragua. Isla de Ometep€.

Map lheel San Jose Del Sur 3050-lI $as used for this survey. On the night of 2l April 1993, a
spotlight survey wE! crnducled along 8 km of the southero shore ofthe Island of Ometepe ne-ar the narro*
Istmo (Isthmus) de Is1i6n which comects the two seclions of the island. Omctepe is a largc island
coosisting oftwo volcar c cones lying aboot 20 km fton the w€stem shore olLake Nicar"agua (= Lal(e
Cocibolca) in the viciniy ofRivas. This is lhe only lo.ality in llgo Nicaragua where crccodiles are
consistendy r@ned. This survey was conductd by IRENA personnel after the CITES coordinaroc had
r€turned ro lhe u.s.A.

Start point at km 0.0 n€ar Pmta Coyolrni
End point at km E.0 soulh ofEnsenada EI Istirn

I1"29'00. N
llc28'02' N

85.36'50' W
25'33'44', W

No physical description of fiis location was provided by Oe suNey team
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Two crocodilians ll€I€ sighted on this $rary in lhc vicinity of the mouth ofEI Istidq a sna.ll
stream lhaf almo€l bisccts the Islhmus of lstidn. Bo l $€rc lenotively ascrib€d to Crocodylus adtust 2
(Eyes Only).

23. IaguDas Monte Calrn.

Map sheet La Prz Cenuo 2853-II was used for this survsy. On thc nighr ol4 May 1993, rhis
lo.ality was srwsyed on foot around drc shor€s of rwo adjacent lakes. Thcse lakca arE located on the
northwEst flink of Volcan Momotombo, 30 km nonheast of Maragua and I km ftom the shore of Iake
Managua. Thc nigbt time s?otliSht suney ofthc t*o lakes was conducled fiom shore, the lakes rrere
circumarnbulated on fool This survey *€s conducted by IRENA p€rso lel afrer the CITES coordinators
had rctum€d to the U.S.A.

lrtitude Lonsituoc
Stan point at km 0.0, Mont€ Calan e6st lagoon
Stan point at km 0.0, Monte Calan *€st lagoon

12.26'20" N
t2"26',36" N

86.34'14'W
85.34'50' W

This locality consists of a pair of small adjacent lak€s approxinately 300 n great€sr width
located with a prot€cled Sovcmm€nt rEseNc oFrrted ty thc national eteclrical comp6ny. Access is
restricied and rcquires a permit from rhe gor€nnent. The tak6 are lo€atedjusl oirr rkilometer ilom
Lake Managua at a point whe.E a small popdation ol Crocodytus adras is s id to renuin although
gready reduced ty inieractions with net fishermen. It is prcsmed dut the crccodiles ofhguna Monte
Galan originated ftom Lake lvlanagua or reprcs€nt a.emnant ollhat popuLiion Frsisting in a protecaed
retugium. A l0- lJ rn band of vegeration and shrubs exleods around the shore. The take lcvcls were low
at the time ofthe survey with a band of cxposed mud 5-10 m wide b€t*€€n the $atcr and the veeerauoo.

DrsTANcEs CoT,ERED

Laguna Monte Galan, e3st
Laguna Monre Galaq west

3.3
2.5

Tolal km ofsuvey 5.8

Atotd of 19 Cmcodyhts aa/r/s rrcre sightd durirg the s1llvcy (14 in the east lagoon and 5 in
the p€st lagoon) ir thc following size classes: 3 (2-3 ), I (ta), 15 (Ey€s Only). Cairnan are not reporco
from these lagoons.

RgsuLTs AND DrscusstoN,

S.mple diltributior rrd idt€rsiay. ceneral localiries ofsurvEys arc sholrll in Figur€ l. The disadbution
ofsurveys generally overlaps wirh the known and suspecred distributioo ofcrocodiliar|s in Nicamgur, ano
co!€rs mo6r ofthe ar€as where llarvesr ofcrocodilians is piictic€d_ A significant omjssion is rhe;enrar
Adantic coastal region ofthe middle Rio Grande de Matagatpa and the e(cnsive associared laqoons and
watenheds. Logistic connraints prcvented us ftom $rveying rhis .I€a and rhis defiocncy shoilC te
rectilied at the earliesl opportunity. We also susp€ct that some of the morc remote riltrs ofttre southern
area, e.9., Rio Indio, Rio Maiz 6nd the e{rensi}€ x€dands associat€d wilh Bismuu lagoo4 would be
useful to suwey,
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The toal drsta&€ srneyed is approximately I l% ofthe toal leogth of rive$ in Nicaragua
(enimated at 4,500 km by Peralla.Williams l99l). The quadity ofadditiooal crocodilian habitat in
Nicaregu, (la86ra, In rshes, rDenglqve c1€ek, lakes) is immcns€. The suvcy sample therefore is a
reprcscntati€ samplc ofcrocodilirn hebii.ts in NiceiAgua. Additional sampling in new loaatioos and
rEpctitive suvcys in somc ofour s iry locations *ould g€ady rcfnc the precision and accxracy ofthe
r€sults. No srcmpt r?s nMde to structur€ or randomize the sample dislribution. Oui surveys probably
owr-repres€nt oFn ravigable rivers and lagoo$ ard under-reprEsent more inaccessible $€tlands wherc
crocodiliani and porticularly Cdirrzr, arc ofren fooad Ther€forc, extrapolation to non-srrnpled arcas or
the caloiation of€stinat€d total populations inrclves significant ucenainty.

We do not have sifiicient data to quentitalively evsluate the prec-ision ofour suv€y r€nrlts. The
basic qEnion to be addrdr€d iq ilfr€ count a given number ofcro.odiliars io a s€ction of.ivet how
many are rcally ther€?' The minimum numbq present can b€ no less tha! the numb€r sighred.
Thcrrforc, uncorrecled survcf data reprcsant conscrvadve estirnates ofthe population. When the survey
techniqu€ and location is k€pt constant th€s€ srlrv€ts provide rclative data that are quite Edequate to
e%luarc populatioo trcnds and allow conparilons wi(h other arcas where similar techniqucs wrre used.
Mers€l .t a, l98l, provide a theorctical basis and fomulae to evalute 51llvey precision of spodight
surv€ys when multiple s€mpl€s of th€ sarne rivers are madc. We do oot hai! such samples and in any
cale they are oflimited applicability when the variatioo betw€en samples is large or the mesn deruily very
low. In an attempt to infomnlly address the pr€cision of our srdeys ll€ have comparcd the calculated
densities offour locatiol|s that were surveyed twice e3cl! i.e., Wart( Wark fuver to Ifflay4 lo*er
Bambana River. These indicate that the diferedce from ooe $rvey to th€ next, in the same river, on
subsequent nights, ranged betreen 0% and 50olo of the bgher esdnute. Additional sampling lo estinate
the pr€cision ofcainan suneys under the conditions encountercd in Nicaragua is ugeody needed. In the
me€Iltime, w€ us€ uncorr€cred vslues ofesiinuted density lh$ughout this report.

Nol wilhstanding lhes€ caveats, lhe sul€y reprcsents a !"luable baJeline on which to b€se future
monitodng and compares ftvorably in intensity and distributioq with other simil?! suw€ys tl|at have
proved adequate for lhe evaluation and maiagement ofcrocldilian popularioos. The use ofa slricdy
standaidized te.hnique allows comparison of the resolts generated with other similar surveys and
facilitates drc inlerpretation ofthe resul$ and fte genemtion of r€commendations.

CalLtAlr cRocoDlLas

Resulis of surveys of Cai,naa crccodilus xe srnimaizeA itr Table 2 (surveys group€d by region),
ad Table 3 (surveys goup€d by density ofcainan). Caiman were found in narly every suitable'fteshwate. body cxamined clnlirming the wide ilistributioo ard generil adapiabiliry of this species. In
truny ofdrc localities survcyed (72% of the kitometers suweted) the dcnsity ofcannan is low (lels lhan I
caiman seen F. km). These low densities ar€ similar to those secn elsewh€r€ in heavily exploi(d
populations ofcainan Clable 6).

We do nol believe the lorv deositics are th€ resllt ofimd€quate obscrvationr, *€ter clnditions, or
suflryitrg in (he *rong sites. All lh€ suwcys were conducted undcr favorable conditions of low wind
speed (less than lon/sec) ard warm air and wrte. temp.ratues (rarge 24o-3loc.) see Figure 2. No other
physical conditions would lead us to doubt d|at the low densities obseNed repres€nt real, low density
Caina populations. The fact that rr€ were. under idenrical condirions, able to obsen€ much higher
densiti€s at odrcr locali(ies Cfabb 3) contrms rhe rcality oflhcse obs€rarions. Some observers, including
cairnan hunt€rs in the fiel4 suggesled tlBt cainan could b€ found in high density in rcmole unsurveyed
locations that could not be easily reached by outoard motor tioat. This rnay bc true_ W€ noted that rhes€
sanle carman huters r}€r€ €3ger to lse our naps to locatc uE\ploited *?tea bodies where they cguld hunt
caiman. We interpret th€ obsewed low density ofcainar in firny localities as a dir€a1 rcsponse to
harr€sting in dre reaent past which suggests that hawest pr€ssure is ar, or possibly above, suslainable
levels in much of the accessible habitat in Adantic Nicaraelu.
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In drc renainder ofour sample lhe densiti€s ofcaiman *q€ higher (an average of2.3 cainan
sightcd pcr km in l0% ofrhe km $rvctrd). and v€ry hiSh Grratc. thaa l0 caiman sightd Fr klt| in lt%
ofth€ &m su|clrd). Th€se ds$ities are comparablc to h.€lthy, unrxploitcd populetiols ot Caiman
cls€wh€|! Cfabb 6). Th.se &assuring daia gii€ us cotrfdctrca tbat our $nlqs a& r€asoMbly acclrretc
es*inqtions ofcaitrun popl ations and it is clc.r that in a significant ponjon ofthe at"ilablc h.sbitat
healthy populations F sist. MAugement aclioos and hrwca controls need to be de,!€loped d|at nuitrlain
lhese heallhy populations and optimize tbe long tcrm sultainable ha!v€$ lhat can bc cnracted from sus

CriDI|| Siza The size dinribotion ofthe cainan w€ approached $ficiently close to estirnate iheir
l€nglh is sho$! in Figure 3. Oi€rall 6e size diniibotion is tftrt exp€c1ed &om a hunted population with a
paucity of hrge individuals (gred€r than 6 feet): The prcsence of abundant hatchlings and eninuls in the
2-3' sizr class suggesls that reprcduction and recruitrncnt remairls healthy. A total of 9% ofth€ sample
falls into size cl.sscs at and abo!€ th€ legal ninimum size for harvest which rcprcsenrs rh€ buft ofthe
larger adult male popdation.

FigurE 4 rcpr€sents lhe data on size distribution pr€scnted by .Egion. Some distodon ofdrc
situation is caused by lhe difrerent samgle sizes ftom cach region and thc data arc nor sufficiently robust
to merit statistical analysis. Howeter, inspe.tion olrh€se data suggcst that harchlings are under
repre,sented in the BluefieldvPearl lagoon arca, i.e., Kulra Ri\€t Nad Rivcr, WswEshang River ,nd
Black Water Creek). We Doted that water levels in rhis region appqrcd higher, relative to the river
banl(s, wilh exlensiv€ flood€d vegetation at the dver nargins in mod areas. We cannot say whether this
*ater level difrercoce rcpreents a r€al difrerEnc€ (and delay) in thc reccssion ofw€t s.ason floods in this
arca. Ho$€l€r, iftftis is so it is possible thrt the suve)s oflhis rcgion utrder.€pr€scnt €airnan, and
hatchlings, tlut are nill dis?eced in lh€ flooded fores. ArtditioDal suvcys r. nc€ded to addrers rhis
po*ribility. It also is possible that the breeding s€sson ofcaiman in this arEa is difercnt ftom els€wne.e m
Nicaragq F haps timd ty flood water levels. Agai4 additional sampling is ne€de4 Finally, as noted
in lhe Black Water Cre€k s|jfiey abovq this ar€a *es dewsarcd by a hunicane in 1988 and widesprsd
evidence offorest altention remaim visible. White regroMh ofth€ forcst is occr|rring Gpidly, it is
evider! $.at rhe structurc, and possibly the ecologicat balrnce and prcductjvity, of the.iltrine forest m &e
Bluefields afta is still reflecting hwricane induced changes and this in twn may harr afected cainan
reproduction.

Discu$ion of Cdtr@. We *rre unable to identify any causat relatiodship between lhe locatities wlth
high cainan density and natural or human factors. Som€ of rhe dense populations were fouod in op€o
rivers, e.9., RIo San Juan. Others r*ere in marshy lagoois, e.g.! Kukalat? lagoon. No diffeience m the
disiance from commercial €€nters or the density ofhunan inhabianb lr"s cvidcnr. Hish densirv
populations werc localed in all the regions surveyed excEl around Btuefields/p€art I-a!oon. There *as a
higher incid€nce ofdense populations in the San Carto6 region. Thc onc lolr density $rr€y in this region
was lhe Rio Sabalos which has a rece history of timbea extrsction. de-forcdatio[ dense humrn
settlement rnd visible siltation ofthe river. We sus?€ct habitat nodificarion has had e negarive efrecr on
cximan in lhis riv€r.

Tbe assiSnment ofcausal relationships to the obs€fled cainun de$iti€s will hw€ to awair more
detail€d suweys and anaDsis. Data provided by IRENA on )€ar to ye{r char86 in which arE s produce
most caiman sldns $ggest a brsis for speculation about tlrc structure and cffcrt of cairMn huntinA. The
IRENA data are 'ss€mbld from reports ofskin buyeE and providc . fairty coarsc-g'irn€d anajls;s of
wherc the skins arE harvested each ye3r. Data for t99O-92 indicatc that in l99O and l99l most skrro
came from the oonhem pan oflhe Arlanric coastat arEa and rr€rc traded tfuough Arcno Cab€"rs. In
more rccent years the bulk of skins havc originzted in the ccnrral, Rio cmndc de Matagalpa area. W€
sp€culate dlat the caimsn h$ters respond (o harvcst-{aus€d rEductions in caiman densiay by r€drecting
their huoting eflons lo other ar€as (mobile, oon{€sident hu crs), or by $spendinS hunting until Iney
perceive the caimam again are numerous (resident hunlers). Caiman huntc$ in the field cxDlaineo Io us
dlat the tundameoral e4uation for rhe €conomic succds was wherhcr thcy could catch cnoug'h in one nrgnr
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tojustiry $e co6t ofrhe flashlight battcries used that night. At the present batteries cosr approyjmrrely 5
Cordobrs e3ch (C 6.00 = U.S. t1.00) and ftesh CaD@ skins bring 5-12 Cordobas eacht so for it to be
sonhwhile, .ach night's huft mun prcduc€ tho skitrs of at le3sl 3 cain n-

In larg€ ar€as of the nonhem and ccnrral Adantic coast, latd and r€sourc€ us€ is stilt allo.ated to
traditional Mis&ito Indian communities. Ecch conmunity has a *cll-recognized are3 wilhin *hich it hrs
neady cxclusivc |rse ofnatural rcsourc€s. This traditional s)rlem has grtat potential for assisting the
nnrclujiog a regulation of the cainun halv€st io cnsrrre that sustaimble levcls of harvest are not
cxccedEd. Udortunately, traditional land use is irc'rcasingly bcing undemin€d. Non-Miskito colonisls
arc penetrating do*tl the river !"lleys ftom the ce ral uplands, forest clsring aJd semi-permanent
agriclrltuic ir spftading, and lherc is $rong pressure fiom entrepreneuts to rapidly sell oFnatural
resouc€s ofall hnds. D€\,tlopment ofa slslem to regulate the caimao harv€sl would benefit if it remains
supponive of tradition l land use. lt rnay be significanr out the rcgion wherc we found no dense caiman
populations, around Blucfields, bas lhe longcst history of non.traditioml resouce extraction (e.g.,
trullogany logging dat€s from the 1860's) and hes signitrcant numbers ofnon-Miskito commufties (i.e.,
Cr€ole, Carib/Carifillla Indian and Meniz!) who do nor use the samc conmunity altocation of resouces_
Also, n€ should cautiotr that traditional use does not gulonutically lcad to wise rnd srstaimble rcsoura€
u!€. We lound lolr densiti€s in the Kukra river in apparendy ideal habitat Wc *€re lotd lhis river srsrem
is hunled almon exclusively by Rana India$ who live oo Rana Key, a small ti-adilional communily at
lhe mouth ofthe Kukn river The obserr€d low densities ofcainan suggpsl this resourc! las already
b€€n overeploited and is not cunendy caFable of providing useful income lo ihis community. A proSram
of rcduced harvesting to allow popdation recovery would be advisable.

Criinrn M.t|rg€m€ The CITES Management Autho.ity, IRENA i! doing a finejob of r€guEuns
expon ofcdna, skins from Nicara$a. h was very roughly eslinated that approirnately 400
individuals are rcgulrrly involved in hunting caiman and others rnay panicipate on an occasional basis.
Skins ftom the field aJe purchas€d by about 19 field buyers Clable 4). fticrs ofcaiman skins at different
levels in lrade arc shown in Table 5. Skins are then fo$€rded to a singlc lic€nsed expon hnnery wfuch
purchases, tans, tagt and ships all the exton quora under CITES permit ftom IRENA. As a safety factor
to e6ure that all the skins remain above the legal size evcd after shrinkage duling tanning, the tannery
only acc€prs skins greate. than 4.5 feet loral length. Once the shns reach the tann€ry, record keeping and
inspeclions are exemplary and compliance wilh Mtional and CITES regulatioo is very tight. A well
designed sfslem of inventory monitoring atlo*s the Management Aulhority to close the !€rson as the
export quola target is reached and overruns have b€€n insignilicant or absent for the last three years_

The nc€d to implement the CIIES Universat Tagging Requirement in Nicamgua l}as discussed
at lenglh widl IRENA ofiicials. Some practic€l difficltties will b€ s\Frieoccd tre.3u!€ during the laoning
process a skio from rn individual cainan often is dividcd i o difroren( lEns (flanlc, taits, throa! girdles),
which are shippd to ditrerEnt buyers. It rnay be nec€ssaly to apply additional tags to diferenl pans.
Discussioos on s solution to lhis problem :re ongoiDg and *€ will took with ioteresr to solutions
rievelop€d by olhcr CrIES Panies.

Regulation ofinrenal proc€ssing and manufacture ofcainsn products is tess *rll-regutated and
requires impro!€menl. D ring our surveys $t idenrilied a lignitrcant problem involving the harvest of
undcrsized (i.e., jwenile male 3nd adult fenule) cainan. The legal mininum size limir is d€signed ro
focus exploitation upon the ldge male component ofthe population which can more easily sustain
harven. The sizc limit is supposed to protecr brefding adutt fenules which are sma er than rhe mrnrmum

. sizc limir so that prcduction and recruitment is maintaincd. We noted widespread capture ofcaiman
bclow the legal limit. We wer€ able to insFct 75 skim in the fietd fiom fiir diferent sourccs. Of thes€.
55 l^€re lcg.l sizc and 20 (267.) wer€ undersizd. All oul sourccs (hunte6 ard t6der6) were velv casuar
and unclncernd abour rating and uadrng und€rsized caiman. We mun $ress rhar our dir€cr D€rsonal
inspection, IRENA dal4 and CITES cxpo( dat4 alt confiIm thar norc of rhese snlllt skrns eder fonn l
in(ernational trade. The un&rsized skins are sold di.e.tly to small, unregulated a'tesanal ranneries and
manufacu€d into low quality goods for locrl s€te. The Mamgua narke! the aipon and othcr rerail
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outlcts ofrer a large rllume ofpoorly construcre4 sntall leathcr itcns for sate. Fo. o(ampl., on I
Fcbnary 1993, wr conducled an infomal count of it€fits for sale at the Managua Inlen tional Aieon.
Approimately 223 belts, 32 hrndbags, 25 h€adbands and hrlbad& 16 sufred cain|,r! atrd 8? $r.llets,
k€tcbains and other $n ll l.athergoods itemr t'c|c couniad. All ofthese iterDs arE prEscnted as bcing
qocodilc although more thrn 90'l.of rc items *trc cairun. A small numbc. ofit€ns, paniclrlarly behs,
werc rtrad€ ftom ctocodilc. A larger volume of similar natcrial is displayed at the l{allaglla op€n rna*ct
and some oftb€se items, allegedly from Nicaragua, are retDned to be available foa ptrchrs€ in Hondums
(P. Ro6s pers. obsenrtion).

Whilc this local artesanal oudet for tanning .nd ftarketng illcgal undeFi"rd caitrun and
ffocodile skins and producls e\ists, control ofdris trade will be difrcult. Nevcnhetess, Ois illegal rad€
undemines rcgulatioq cndangers the $siai.able use ofthe rEsource, ar|d impcrils CITES controt of
regulated trade, so it m|l5t be brought ude. control. It would be a .elatively simple matter to bring the
anessml lanneries mder the sane letel oflicensing codtrol and inspcclion as the g\pon tanrrcr'.
ApparEntly, IRENA used to har€jurisdiction over these tanncries, but this ina(hene ly was removed
dudng lcgislative changes a few years .go- A significant componcnt to this lroblem is rh4 alt the nunrcrs
u€ talked to *cre aware ollhe minimum siz€ limir blt \rcre complctely ignoratrt ofthc rEason for it.
Wh€n we explained tha size relaiionships to se\ and reprcduction many huntcrs e"prcssed som€ surprise,
immediate underslanding, and approml ofsuch a s€nsible ide3. A program ofpublic cducation tna!
explains the biological basis for lhe size limit woutd be valuable_

CR(rcoDvLus acurts

Survcy resdts for crocodiles are sholrll in Table 6 attd survey conditions in Figure 5. Orr
surve's indicate d|ar in Nicarag!4 crocodilcs arE much less *idely distributed and lcss abundant lhan
cairnan- We w€rc directed to four locations on the Pacific sloF and cenrral higl ands whcrc crocodiles
were said to p€nist (Salin"s Grandes, Estero Real, Lagutus Monre catat! and Ometepe) and at each of
lhes€ sites re cortrrmed that small populations renain. Thc deNity of these populations is h ewry (jN
low" even when only small aJ€as of habitat $€rc suveyed. We suspecl that the numtrer of individoals
sighted nay bc close to lhe aclu.a.l number pres€nt, i_€., about 70 crocodiles. We werc told that a small
population ofcrocodiles pe$isb near Momoloftbo in kke Managua and is suffering from the impacts of
a local gill net fishery in the arca. We r€re unable to conf.m this.

We did not positively identiry crocodiles in any ofour exteosive srweys on the Adantic coasi_
However, r€ aft conlideo! as arc many ofour informanE, that crocodil€s oaa1r there. One ofus fJpR)
has seen a photograph ola fu.sh CrocoMus aarus snn coltected ne3r Sandy Bay in 1992. The
provenanc€ and idendty oflhis sp€cimen is completely verfied. Or selrra.l o€.asioos during our Atlantic
suveys r€ noted eyeshines of apparent large crocodilians that behaved in a distinctive sulreDtitious and
wary marm€r. which *€ srrspect *€re cro€odiles, e.g.. t aguna Nadaya_ Kukalaya kgoon. and Big t agoon
oo lhe Nari River Unfortunately, r€ could not ap$oach theft and lhey were reconled as .Eyes (inly' in

In independent survsys cooducld by Dr A. Valeozuela and Mr. Mario Espinal during Novemb€r
and December 1992, crocodiles were noted in seven localiti€s (Appendix l), some ofwhich lr€ atso
$weyd (i.e., kmbana tuver/Narlaya l,agoon, prinzipolta River K*alays k8ooo). Mr. Espinal is an
expertenced crocodile sul!€yor alrd \r€ have no re3lon to doubt his observations, Unfonmatalv- the data
provid€d to us from the ValeEuela/Es?inal $rveys did nor rcflecl nandard srrlvey mertroas ana as a
mns€quence a$not b€ used to geneme quantitalive or comparative data, We conclude that lhe presence
of C acr./rns at ser€ral localiries in the Arlanric draiMge €an be considcrcd .conlirmcd' but rhat the ex"cr
€xtenl and quanlitative ass€ssment ofrhese Fopulations requircs additional standardiz€d su.veying. In
lhis regand, the Waspuk fuvet a rcmote rributary oflhe Rio Coco that dieides Nic{ragu, and llonduras
and nrns through tlrc BOSAWAS reseNe, a significanl ar€3 ofprotected forest, should be surveyed.
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ExceF for d|e population in liguna Monte calar! which is a sp€cial case ofan isolated
population and completely protect€d locatioq th€ obs€rved d€nsities otc.ocodiles in the Pacific drainage
$€rE low itr cveay casc,

Ctlcodilc tiz.. In$ffcicn! dala *rrc colleclcd lo 5llow m€aningfid anabsis ofthc siz€ dirtribution of
crocodil6. For firbre compsrison with data ftom latcr sutvcys, (hc sizcs of 14 individuals tbat wcre nored
arc girtn id FiguE 6. Thcy indicate only lhat sorE brccding ard rccruitment (lutchlings atd snuller siz.
class€s) s€ert|s cvident. One individlal 61itruted at 8-10'*"! s.cn during ihe day at Enero Garita and is
lot shown in Figurc 6. All oths siAtd crocodiles *q! at $e lowcr sizc rang. ofsdull C acrr,/r.

Crfiodif. Mrtr|gemcnt Based on c1lnEnt i|lformation, Crccodylus aartus i^Nlcaragla liould qualry
as an endanger€d sp€cies mder lhe Mac€-lade criteria (1991). While it is possible that additional
popolations rcmain lo be disaovercd or lhat the Adaniic populations arc largcr lhan we suspex! the
flrlent quantilative data indrcate that this speci€s requircs special maiagenrent to allow popularion
recovcry and to ensue its survivel. The prnnary thieats to suwival ofthe crocodile in Nicaragua are
uncorrolled hunting, habitat loss, and limited filnds for rnanagemcnl Crccodile fanning and ranching
has been proFsed as a mechanism to providc economic ircer|dves foa crocodil€ cons€rvation in
Ni€aragua. Severrl commercial groups have cxpress€d interEsl itr lhis possibility and one company,
Nrcva Era, S.A., has nade significant iN€shents in ba.kgound infomution ircluding the
ValenzueltEspinai prclininary suNey. The ruCN/SSC Crocodile Spe€idist Group has stmngly
rccommended that oFn cycle ranching proSrans rhat obtain egSs fon wild poputarions should be
promoted for thei cons€.vatioo benefiLs in prEference to clos€d cycle captive breedirg and faming
oFrarions that are relatircly independenr of wild popl ations.

The development of crocodile ranching in Nicaragua can only proce€d ifthere is a clear
conscwation benefil lo wild crocodiles and is coniingent upon three necess6ry conditions:

L) ThE wild Crocodylus acurff populadon must be large enougft to sBtain h3wesl ofeggs or hatchlings
for stocking ranches.

2) The CITES Managenenr Authority (IRENA) mun ha!€ the capaciry ro maruge and regutale
brvesting and ranching.

3 ) CITES must approve changes in lhe present App€ndi x I \snn9 of Cmcodylus acrr,./r to atlow
international Aade in ranch€d crocodile products.

The clnent srrvey data indicate that crocodiles are ftagmented inro severri isotated poputations
,nd fte trumbe. of b.eEding :dulrs may be very small. Ifour evaluation ofsighting precision of about
50% is conec! then the total numb€r ofcrocodilcs in all fie suntyed populariors is oflhe order of 140-
150 individuals and only a handftl of these, possibly as fcw rs 50, are adult breeding females_ Akey
factor io €valuating the poteniial for crocodilc rinching is ih€ location ard abundance ofcrocodile
populations in lhc Adantic dlair|age, Qurntitative surveys to irss€ss this resource are urgcotly n€€d€d and
should b€ undenaken prior ro firther del€lopmeot ofranches.

The rclativc success achi€ved *ith rc cailran export program demonstrates tlBt thc CITES
Managen€nt Authority (IRENA) has the capacity to regulaie crocodilia' rrade. Hon€ver, rosotving the
p.oblems ofilegal use ofcaiman and crocodile skins in the artesanal tradc musl bc addressed
immediatcly to eosure that opening a rrade in mnch€d crocodit€s does not endanger wild crocodite
populatiom by increased poaching.

A change in lhe CITES listitrg of C a.,rrrs from Appeodix I to ApFndix It .Trade in R_anched
Sp€cimens' cluld be achieved by s€veral routes- Ofthes€, submission ofa proposat to trade a rcstricred
quota ofranched animals uoder Conf Res. 7.14 i! ille mosl conservarive and tollows the model
eslablish€d in eastem Africa for lhe progressive devetopment of crocodile runagement program! and



regulat€d trade in aarrched specimens. Diso$sions hav€ been held g/ith thc rEprcs$tatives of the
nrllugemant audbrity and a, inlerEsled pairtte compeny, sugSesting lhjs option.

Th€ nlcd immcdiatc co$enariotr bem6t lhat could bc associatcd with a nrching program in
Nicaragua woold bc thc invob€ment of rcpri tc s€ctordirEctly ad fimncially in the conscwation of
wild qocodilcs end lhcir habita!. Orc group ofcntr€prcrcurs have srgge$.d lhat by vinue ofthcir
busimss laases of sltrourding ar€ai for shrimp hltr$ and salt Foduclion thcy aLeady contml access to an
importarl crocodile population. ft€y har€ indicatcd that id rctum for b€ing allo*€d to rEmovc a
regulat€d quantity ofqpcodile eggs for a linch tlEy would uDde.take to pr€s.ri€ k€t na.g.ove habitat,
cnploy and cquip c,ardeq end conduct rrgular popolation monitoring (i! coojuctioo with IRENA).
This interEstins Inoposal descrv€s qreful attention. The crtvious drartaclG arl that the crocodile
populatioG in qu€stion at SaliMs Gnnd€s Inay not bc $6cicotly lrrSc to imnediately support an
ecoromically viable ranch rnd $rch a paofbsal do€s oot addrcss c(rodilc consawition rc€ds els€where in
the country. We recomnrend that this idea be examin€d wirh a flexible and plagrnatic mind se! and ut
models be consid€rEd Aom olher counldes wheae private s€ctor and goverone suppon har€ combined to
consery€ crocldiles. We panicularly note lhe American dlig8tor Inarugcllrc|lt program in Florid4
U,S.A., where eggs for ranchcs are provided by the state liom state lands as well as ftom privete sources
and captivc brceding. The c.\ample ofPapua New Guinca where tie commercial crocodile ranch provides
nujo. ftndin8 support for thc cro.odilc monitodng program is also uscfirl.

REcgMMENDATIoNS.

General Scientif c Recommendations.

r) A rcgular proSram should be eiablishd to census and monitor rhe stattls of populations at key
rcpres€ntative loaalons. Th€se siles should trc cenrused at least once a yrrt. HoErvet pre- and posl-hunt
cen$rses would bc ideal, possibly in Novcmber and ag3in in Ap.il. Data ftom these reperitivc surveys
would atso providc calibradon ofthe survey data. Reclmmended sitcs in the Pueno Cab€zas 6r€a arg Rio
Wa* Wark and Kukalaya Lagoon; in lhc Bluefield arE€, fuo Kukra and Blsct Water Crcckl in the San
Carlos arc4 the Rio Zapore, Guacalito Viejo, Rlo Friq and Rio San Juan km 1G.40.

2) A sp€cial sftdy ofgroMh mles and matudty ofcain n ro provide scientilic data for d€termining the
size limits that protect breeding femdes. One $ch study has beeo initiated by the Vida Silvestre sta.frof
IRENA.

3) Sp€cial additional surveys of suslected imporiant systens that were not includ€d in rhe series of
suarts .eportcd here: Rio Grandc de Matagalpa and alsociated legootrs, Bismur|a lagoo& Nartala lagoon
(for crocodiles), Rio Coco and Rio Was?uk (including panicipstion ofblnational Frsonn€t *ith
Honduras). Estero Real.

Recommendations for Msnaeement of Cdn a, crocodtlB.

l) Domestic aftsard t|ade in illegal undersized caiman stjns musl be c.onuolled.

i) IRENA musi be enpon€r€d to inspect, monilor, and regutatc all irnreri€s proc€ssing wildlife
hides and pelrs.

ii) IRENA must monitor oulets for anesanal leathergoods production r lvlasat", Mamgua, ano
lhc Intematio&l Airport.

iii) IRENA lnust confiscate illegrl skins ard products, includiog ancssnal teatheBoods.

2) Managem€nl ofthe cainan rrade by universal hgging ofall hid€s and signiticalt picces of hide.

i) IRENA must license all hide buvers and tann€rs.
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ii) IRENA nun purcluse locking hide tags fron the CITES S€c.etariat 6nd s€lt thesc tags to
hunte$, skias buycG and tanners at the lo*€$ possible pdce.

iii) AI whol€ skitrs (cueros cdtcm) and fi'ames (chaleco6) shou.ld hsve a CnES tag attachcd ro
them at the timc thc anitrul is kill€d

iv) If wholc ltins srrhr€qu.ntly .Ie divided into flanks (flrnco6), tails (colar), throats (gargranlas),
ad be[ics (parEa3), rdditional uniquely ambcred locking tags should bc ettached at le3sl
to drc signifcart pic.rs (i.e., flants ad tails).

v) Pdor lo lbe hurdng scason which is centcrcd oo thc Novcmbq to May dry se.so4 rags shoutd
bc sold or is$cd to th€ hunters in dle 6eld (possibly in Oclober).

vi) Unuscd taSs should b€ retumd to IRENA ty June for a refind or for drdir toward the
putrhase ofthc n€xt yeals tags.

vii) olrcc a CITES tag is afrxed o a ski& that fin may be exported under p€rmit fiom IRENA
at any slb6equent dete.

viit IRENA nust maintain a computer deEb:|se on tfte distiburion and use ofthe crocodilhn
hide tags.

3) Tbe curent expon quob of lO,Un CaiM crocodilus should rernain unchrnged p€oding new data
from the monitoring progran showing population rEcovcry ard a rcductioo in the domestic anesanal trade
in undcrsized skins.

4) Atr cducation program shoold bc laurched to explain !o the public, poniculady th€ hunrers and hide
dealers, the biological basis for the size limils on hunting hunring s€asoni and lhe skin taSging program.
This education program should include ielei/isioq nerrspapcrs, radio (€sp€cially Miskito Bdio), brochures
and poslers.

Recommendrtions for lhe Manaeement of Cro.odvlN ac,rt rt

6) Wild cro.odil€s morc than 2 feet long must be protectcd fron alt hunting.

n A serics of narion l parki wildlife r€s€wes, and olher prot€.led arcas shoutd tte d€clared in which
crocodiles are prorected fiom all hunring. One site tlut is suirabt€ for inmediate protection as a crocodit€
sancnury is Esterc Red L Gaiita at Salinas Crande. lffirture suweys indicsre a signiticant docodile
population thcre, the sanctuaries might b€ declarEd at lhe following sites: Kukalaya tagoon, Narlaya
Lagooq Rlo Waspuk, Estero Real.

E) A nnching program should be €stablish.d to allow lhe collectioo ofwild crocodile eggs or the eprule
ofwild crocodilc htchlings in area! wh€re the monitoriog program indicates fie adult population rs
srrfrciendy large to withstand collecting prcssure. In addirioq any such egg collectioMatchling caprure
prcgmm should only b€ established in are3s wher€ rc wild adutt population and habirat are adequately
protected,

9) IRENA should prepare and submit a ranching p.oposal to CITES for approval oflhe parties. Thar
proposat musl dcscribe in detail lhe proposed ranching prograrq iocluding how the IRENA MnEgement
Aulhority will connol the wild hawesl, how it wilt regulate rhe lic€nsEd ranches, and bolr, th. progru
will bcnefiI consewation ofrhe wild crocodilc populations. The proposal also shoutd Gquest a quota for
limit€d e\port of ranch mised skills to provide an cconomic bas€ for program del€lopmc and suppon.
In FEparing $e p.oposal, IRENA should be assisted by the pil€te seclor thrt will beoefit fmm sny
rarching progr3q and by the ruCN/SSC Crocodite Speciatist croup. The proposal mun includc

. Survey drta on thc distribution ofcrocodite! and crocodile popularions in Nicaragua.

. An annual program for monitoring (surveying) bo r prorcded and urilized crocodile populations,
including . program for censusing neis (monitoring reproductive success) in those populalons.

. A detril€d dcscription ofthe prclection provided crocodilc populations ar specilic sitcs.

. A detaild d€sciption ofhow the colteclion ofeggs and hatchlings fton ft€ wild is conr.olled.



. Dcrailed descriptions ofthe individual licetlld nnch oper.tions should be provid€4 including
infonnarion including housil& dict and fc.din& tempenturc.nd $a(cr $ality, incobatiotr
Ac ities atrd methods (ifcggs rrc iniolved), vcterilury carc, and oth.r as!€cts ofhusbandry. as
well as slaughter and skiD (and neat) p.ocessing mclhods end facilitics.

' AnNal egg o. hetchling harwst quota shordd Dot c\ce.d 50olo of the amual output of the adult
fcmald io thc S€cific barycn population.

. Provisions shodd bc nede for rel€ase of a ponion (possibly J7.) of drc ra&h-nised y€€rlings back
into thc wild populadon if annual nonitoring &(a indicatc that thc wild population is not srable
or incrcesing.

. A systcm for tagging or otheNise na.king raDchcd prbducrs and theriy prcvcnting the cntry of
ilLgal wild .aught skins and products into tr.de. For e{ample, in addition to tagging the hid€s,
it might he desirabl€ to sct sizc limits drat could best b€ mc! by thc rErchrs .rd oot by huntels.

. Docun|cnted cvidenc€ that the domestic usc of illegal undersiz.d crocodil. skins hrs b€en c.unailed
snd that art sal|3l tameries arc bcing ins!€cled ad .egulatcd

General MaMscmcnt Re€oinmendations,

l0) IRENA'5 Marugement Authority should nai ain conmunicatioo wi l drc CIfES Se.rctariat and in
sharEd *atearays and wEdands ecofyslems should coordinate conseMtion and nanagement proSrarns
with Cosu Rica atrd HoMurrs.

I l) Apgopriate audorities in Nicaragua should encooragc the development of a profc*sion I association
of ranchers, skin de3le$, tannerq and other interesed companies and individuals in the commercd
s.:ctot togetlEr wilh oon-govemmental co arvation orgarizatio$, The purpos€ ofthc associatioo should
be lo slppoat lhc comervxtion and srstainablc utilization ofthc cainan rnd nnched crocodile rcsource.
This can be accomplished through ftnd-raisin& including asscssing the membe.ship, to suppon sun€ys,
protection ofcriticd populatioos and habirats. Anothe. function ofthe associatioo should b€ to tooov
goverfirnent and to advis€ IRENA on crocodilian managcment.

12) The use oftaxes currendy collected od the exDo( of cai.nan hides should b€ rcvised so lhe frnds are
placed in a govemment trun fimd for the cxclusii€ u5€ by IRENA for crocodilian conscrvation. F€s
collected by IRENA fiom drc sale of CITES hidc tags and ranching ticenses should be ptaced in the Eusr
fi|nd for the sarne purpose.

ll) IRENA'S audority musl be expanded to ioclude insp€ction and regulation ofalt tanneries thrt process
wildlife hides and pells.

14) Appropriate legislation should be emcted to provid€ a legal basis for the crocodilian management
program.

15) A regiooal or tri-naiional accord should be develop€d to coordinate crocodilian numgem€nr in
NicaraSua, Co6ta Rica, and Honduras.
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Table 2. CairnaD Survels Arranged by Locaion.

Rcgion Sofiey Cainatr
L..ality Daic Sighted

Density Totai Km
Cailr|rr|An Sullgycd

Pucno Cqbczas

Wad( Wa* Pivc.
Lan aya lrgoon
Wart Wa.rk R €r
Iff a}l hgoon
Bembqna Rivea
BaInbar|, River
Narlaya Lagoon
Kahfu/Kisa Lagoon
P.inzipolka Rivcr
Kukaie'" lagoon
K*alay. River
Wouhnta Lagoon

Bluefields

Kukra Rivet
irari Riwr
Wal\€sbang Ri!€r
Black Wate. Cr€€k

Sar Carlos

Zapote Rrver
Cu8crlito Viejo Ri!€r
Lake Nicaragua
Rlo Sabalos
Isla Chica River
San Jurn Pii€r
San Jua[ Rivcr

Boc{ Ancha

3F€b
3 Feb
4 Feb
4 Fcb

E F€b
8 Feb

l0 Feb
l0 Fcb
l0 F€b

Subtotal

23
0

t2
0
6
0

34

6
182

1
0

243

l l
t6
2

20

49

o.14
0
0.38
0
0.18
0
2.05
1.69
0.27

t4.22
0.49
0

31.3
l8

t1.3
33.8

0
16.6
7.7

22.3
l2.E
14.4
4.1

16 F€b
l7 Feb
l8 Feb
19 Feb

Subtotal

0.38
o.52
0.1
0.69

24.6
30.5
20.0
29.r

23 Feb
23 Feb

24 F€b
24 Feb
24 Feb
24 Fe!
25 Feb

Subtotal

2.t6
10..25
0.57
0.36
t.29

26.67
13.25
4.61

l  l . l

2 l
4 l
2
2
9

120
530
53
50

9.7
4.0
3.5

7.O

39.25
l l . 5
4.5

828

Totals and Average Density I160
I

3.6E
39.J8

413.6
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Table 3. Caimal Sun€ys Arringed ty Ot6€rv€d Densities.

Crco€ml De$ity
Lacation

Observ€d DerBity
Caimar*m

}{ean Deosi9 &
% oflocation $mplc

llmlaye llgoon
WouhDta Lgootr
P.. kgoon

lrw Dcnsity
Wa*?sbatrg Rivet
Bamb€ra Rii€r
Prilzipolka Rivet
Kukia Rivcr
RIo Sabalos
Wart Wart Ri!€r
Kukalaya River
Nafi Rive.
Black Water Creek

Medium Density
Island Chica Piver
Narla'" lagoon
Zapote River
Kahru4(sa Lagoon

High Deosity
Gu.calito Viejo River
Boca Ancha River
Kukalat? l,agoon
San Juan Rivcr

0
0
o lvt€€n density 0 in 5% ofsample

0.1
o.2
0.3
0.4
0.4
0.5
0.5
0.5
o.7

1.3
z_o
2.2
2.5

10.25
I  l . l
13.2
14.8

Me3n density 0.4 in 67% of sampl.
(s = 0.18)

Mean deBity 2.3 in l0% of sample
(s=0.75)

M€an densityl2.3 in 18% ofsample
(s = 2.06)

% of localion samples is cxprEss€d as kilometers of total survey€d.
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Tablc 4. Buyqs of Crocodilian SkirE by Region.

Nodern Region (RAA}9
Rosita
Prinzipolta
Pueno Cab€zas

Southcm Region (RAAS)
Blucfelds
l,a C'uz de Rto Gdnde de MaraCpa
Puta Corda

Rio Satr Juan Region
Boca de Sabqlos

I
5
6

2
2
I

Tolal Field Bu'€rs l 9

. InfonrDtion prcvided to IRENA by Mr. Juan Sequi€ra General Malager, Rcptilcs dc Nicaragua, S.A.
Eeptinic), Granada. Th€s€ buyers purchase crccodilian skins ftom the hunters and sell them to the
Reptinic (an!€ry in Granads and other tantreries.

Table 5. Pric€s Paid for Cainan Skins in Nicaragua in 1993*

Poirt of Sale Location
Souce of Infomution Pric€ Information

Pueno Cab€zrs
Narlaya Lagoon hunteN

Pdnzipolka Rivet
Kahn /Kisa l3goon^lango Village hunter

Bluelields
Nari Fjver/h Fe Village hmtcrs

Bluefields
W.w.shaig Rilrr hunrer

Granada
Reptinic Tannery general nanager

? C's lor a 4.foot long skin; 5 C's / foot lotal lengh
for skins abov€ 4 fee!

3 C's / foot oflenglh for small individuals (24');
8 C's / foot for skini ovcr 4 f€.r.

l0 C's / fool length.

l0 C's / foot for skins 4 tect long or larger.

30 C's / foot lor skins 4.5 fcct or or€r.

+ lnfornstion gathered from imervie*s with hunters, bu]€B. and ranne.s. Pric€s are tined in Nicarasuan
Cordobas (C 6.00 = U.S. 31.00). L€ngths are m€asur€d (o tlrc n€arca whole foo!
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Teblc 6. Abundmce (individulykm of shoreli&) of cairnans i! scv€nl rcgions of South America.

!pE!$ Abundance Regiodllabitat SourEe

C. ctocodilus

C. yacarc &.

6.6-9.O2
E.5l
0.7-19
19.&-E6.5
l .6l-155.71

2.s2

o.4-29.4
0.01-1.5
o.2-10
3.0

0.3-8.4
0.15-3_8

Peni / Ri!€rs
P€niL / Pi€rs
SuriEme / Rivers
Suriname / Rivers
Vcnra*la / lagootrs
Vcnear€la / kgoo0s
GuyaM / Rivers

Bolivia / Rive.s
Bolivia / l,agootrs
Bolivia / Lagoons
Bolivia / tuvers
Bolivia / R €m
Bolivia / Lagoons

Gorzula and S€irs 1989
Vc.di et al lga0
Clastra 1983
Outboter and Nanihoe 1989
Gorzula and Wmlford 1990
Espinoza 1992
Gora a and Seijas 1989

Waller and Mcucci 1993
King and Videz-Roca 1989
Kidg and Vid€z-Roca 1989
Ergueta and Pacheco 1990
ErSueta and Pach€co 1990
Pacbeco 1993
Pacheco 1993

Many ofthc lo*€r limi6 ofabundanc€ indicated aboi€ represent oq[oited populations or observadons
madc dudng thc *tt s€ason when ihe cainans arc dispers€4 while unexploitd populatioos or dry s$son
conc€ntrations nry ac.ount for sone ofthe upp€r limit!. Ada ed Aom Pach€co 1993_

Tabl€ ?. Croc.dile SurveF Ar.anged by Location.

Region Survey
Date

Crocodil€s Total KIn

Managua and Pacific Coast

Esle.o Rcai l,a Grrita I Mar
Enerc Ciego 2 Mar
Estero Rcal (fto Morazon) 12 Mar

13 Mat
13 Mar
2l Ap(

1.09
o.21
0.58
o.L2
o.24
o.25
3.28

22.3
33.0
l 7 . l
t2.5
E.0
5.8

l8
6

l9
2
3
z

t9

Eslero El Chno
Estero Marola
Isla dc Ometcpe
Laguas Monte calan 4ltay

Totals and Average De$ity

155
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Caiman crocodilus, Nicaragua
Size frequency distribution
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Caiman crocodilus, Nicaragua
Size of Caiman in different areas
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Crocodylus acutus, Nicaragua
Survey conditions (March-April 1 993)
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INTRODUCTION. Paragua/s crocodilisns haw been the subject ofsci€armc studies for bundicds of
ycars. Dobrizhotrer (1783{4) refend to two species of cairla! found b Paraguay. Azara (1801) visikd
ParaSuay ad nadc dscn"tiotrs otr thg char-acleristics and datrrEl history ofa black yacad, end $"s told
ofa se.ood sp€cics, r r€d caiDan. Daudin (1802) d€scribed &ocodilus Wue (Cainan yacare)baxA on
Azate's ddctiption oflhe black caitrun. Schcntel (1902, rcWrled Cdinorl latircstis fom Vilarca in
sorlhcenltai Paiaguay. Winkelried-Benoni (1913) des.dbed grneral distribution oftlrc csitruDs of
P.Iaguay. Krieg (1928) dseft€d yacard cainan in thc upp€r Paiaguay River ard ne.r the mouth of tlrc
PilcoDayo Fivcr. Schmidt (192t) repon€d on hi! 1926-2? obs€rvalions on Cainan yacarc iut]a
Paraguay River a|rd Cat rrn lar'rortlir in thc Parard River atrd lorcr Pilconayo Fjr€r, and demonstrated
rbal Azara's black cairDrn wtcaimon lacare ,adhit td (,i4'.a *2t Caina, latircsti& Miller and
H€lmich (1936) tt€atd.t-"care as a sutrsp€cid of Cailror crocodilus ad te'otfu,it ftom a number of
localitiG along tlle ParaguayRircr Mcrtens (1943), Wermuth (1953),3nd Wermuth and Menerls (1961,
l91T atlo lrca.tcd yacare 6 a slbspeci€s of Carrd, crrcodia,rs. Fucbs (1971) described t\ro trew
subcpeci.s ofcainaq Canan crocodihs natogrossoiensis a d Caiman uocodil's paraguayiensis (later
st&llfd nalogrossiensis ̂ad panquaiensis W Ft.cfu 1974) ftoln Fsraguay and adjacent Bolivia and
southcm Br.zil- Tbese tso subspeci€s were shorr to bc il|valid by Medem (1983), King and Burke
(1989), and Sco!, Aquino and Filzgerald (1990).

In 1973, Fdcrico Medem tra!€led throughout sourhem Soulh Arrcrica ro detemine lhe
cons€naiion slatus of cainrans itr the region, His anecdotal obs€rvations on Paraguay,s cai[uns werc
rcponed in Mdem, 1983, Los CRocoDyLlA DE SURA EtucA Vol.Il Scott ard I_ot€tt 097j) recorded
Cainan yacare ftomtheParagi!.:yan chaco. Aquino (19E8) reported o! food habits ofyacarC cainan in
Fa.aguay.

hspite all lhcse studies, $rprisingly little is ktro*'n about the coNcrvation slatus ofpsmguay,s
crocodilians. Throrghout southem Soulh Arnerica rhere is a lol|g Nstory of exploiting the cainans lor
lheir r"luable skios. Pasl exploitation *€s not b6s€d on th€ biotogical n€€ds of rhe $ecies, lheir habirat,
or level ofexploilation that the populations can sustain. Considerable effons are now b€ing mad€ to put
utilization ofcaimars on a sustaiEble basis. This will be difrcult or inpossible to accomplish without
rcpeatedly suryeying the coru.rvation status ofrhe caimar populations. L the latc 1980,s surveys were
initiated to collect lhe data ne€ded.

Fron October 1986 through Janurry 19E7, under the sponsorsfup ofthe Inveotario Biologrco
Nacional, Museo Nacional de Hisroria Nanral de Paraguay, Ministerio de Agricultura y canaden4
Psraguay, and the CITES Secretariat, a suvey ofcainais in paraguay w"s iniriated and compteted. That
$rv€y covered lhc cntire counrry and docum€ni€d the distribution ofthe various crocodilian @ya in
Faraguay, the habitats thcy ocqrpy, and gercral observations on their conservation (Scdtt Aauino and
Fitzgerald 1990). It demonsrated tltat Carr e locne en1s in Bd numbers tboughour rrs hinoricat
range in PEr3guay; deslite much illegal hunting ofihe sDecics in rhe tan 30 years. Dara ftom lhis crucial
suv€y paovides the basis for later long-term moniioing prograrns.

With fi|nditrg from the Japan L€alher & L€ather-coods Indunries Associarioo (JLIA). in October
1991, CffEs-Palaguay, Ministerio de Agricultura y caiaderia (MAG), and the CITES Secrelariar
idtiated a suvey ofcainun populaiions to establish long-term monitoring sites. This survey covercd the
cntrrc country aod *?3 under the supervision ofAjda Luz Aquino, Scientific Authority, Oficina CITES_
Panguay, end Dr. No'mrn J. Scot! U.S. Fish and Wildlife Seryic.. A tolal of25 lo.atities and nore than
65 sites *€rE visited in order to select p€nnanent monitodng sites arxl sites for long-term studi€s on
Cainan yacoe and Caiman rdrirosrtt biotos/. When the sctection is comptete, MAG Frsonnel will
retum amually to nonitor ihe population ar lhe sites,

Itr October 1992, briefprelininary nighttine s?odight surve's were nad€ of the fuo Apa and
L4una General Diaa and daj,time aeriat suwcys ofthe habirat arouhd Lagutu ltuhakaia, laguna fuari,
kguna Moroch4 Estancia Cerrito Jam and much ofrhe up!€r Rio paraguay and Rio Negro (Messel and
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King 1992). Tlis bridsurwy efort yieldcd a series ofrcconm€ndalions to the Go!€nrmen! ofpar"aguay
for thc cfrccliva danagemant ofthe wild cairnan r€sourcc for thr co$ewatioo and econornic beoeit of
Paaaguay, Ircludcd in lhorc accoftnendAtions was the eslablisbment, as soon as Dossible, ofa progrem
for rrpcaiablc ccnsrsinS of th. lvild populations; that the r6dts of thcse rep€atd surtts sould providr
the basis for dclcrminiag |[a sraos of the populations (iocrcasing, dcfta3itrg or remairing slable) end fot
dcvelopitrg a comprchcnsi!€ nanagrncnt phn for the cainatr in Paraguay.

With contiNed imdiq from thc tep€n l,cather & taatber-Coods Industrics Association (JLIA),
in Octob€r 1993, dle tr.sr of$e rcp€atable syatematic suvets *€rE conducled itr t7 sites scattercd ltftugb
mo6t ofParaguay! w€ster& ce ral, and northcm caila[ poducitrg argions. Most ofth€se locatio$ will
scrvc rs pernelrcnt sit€s for monitoaing populatioo ttEods, Thc lcsrrtts ofthoce srrrys arc the subject of
lhis rcport

ACKNOWLEDGMENTS. This srllvey would not hat€ beco possible without dle suppo( of Akira
Saityo oflhc Japan L€athcr and L€ather Goods hduslries Arsociation (tUA), qrhich iuded this survey,
end.s?€cie.Uy JLIA'S CITES Promotion Conmittcc rnd the committcc chairma[ Mr. Yoichi Takalur4
who.ctively promolcs conserwtion through implementation ofprograms for lhe srrs€imble utilization of
wildlife resoutces-

The Paraguay oftce ofthe Udted Nations Devclopmant ftograrune CJNDP) provided crucial
fiinding for equipmeot and pcrsonnet. Ofequal importartcc is the continuing surunn ofParaguay's
Gdvemme and partiqdaily of lhe Minister of Aericdtura y canadcrla, Rail Tones Segovi4 and the
Autoridad Admininrati!" de CITES, Ing. Oscar Ferreiro.

The treldwork nould not have b€€n possible without the hos?iratity and logistical support
provid€d to the gualy team by rnany estancia own€Is, manageas and stafs. We canrct emphasiz€ enough
bow difrcult thc lieldwork *ould have b€cn ifcsCancia hosrs had mt welcomed the $rvey le3m and taken
the iime to al|swer questions or show the team the best caiman habilats in tlle regiod. Ofpanicutarly note
*€rc th€ following: Es€ncia Palo Srnto and ils orule. Fral|cois Manel; Estancia Juan de Z€lazrr ano lls
oivner, Rotlen Eator! its agent in charge ofarivals, Atribal A.ldafi4 its administrato., Dr. Roque
qrel€do, and Miguel Fenande4 Eslancia la Golondrina a.nd its administrarot Ing. Jose Sinch€a ao
our contact witft k Golondrilq the Fundaci6n Mois€s Benoni; Est .ncia trgula Cr€neral Diaz and irs
op€ntor, Yasushi Kobuchi; Enancia l.oma Portr and its owner, Dr. Heriberto Roedel. its administrator,
Don Mario Oniz, 8nd oul contact for Lonu Poni, Dr. Emilio Escobar Faelal Eslancia la toseDhi[a and ils
o*1cr Don Chiquitin Nuffez, our contact fo. Josephin " Juan Nunez, atrd ranchhand, Pabto Acosra: rnd
Estancia 26 de Agoslo and its forenur\ Eduardo Juniniano, ard administratot Jorge Dacack. In
addition, Eliodo.o Silv4 and his sor! Aldo Silv4 op€ned their house to the swvey team in Bahia Nega.
Yaslshi Kobuchi not ooly hosted the $lrvey t€am on Estrncia t aguna cral. Diaz, he atso provided a
logistical suppod for lhe t€fin in Puerto Valle Ml and Balia Negra and for surveys oflhe RIo Ap6, upp€r
Rlo Pa.aguay, ard Rio Negm.

In addition, of special nore is the suppo( ofthe sraf of lhe Ofrce ofclTEs-paraguay, €specially
H€c1or Cabalero, Mrrgarita Miercs, Silvia Frutos, Ltjls carcie" Calmen Vitalc, .Id Cartos Vasouez.
*ho€e hrrdw!* atrd dedication H thc srr €y t€am lo ctlas€ after cainars and cainun habitats_ Hector
Cab€llero, Margarib Mieres, and Cristj|ta Moral€s actompanied lhe team on some ofthe $jrveys.

Finally, encour-agement and logistical suppon was received tron the Catrura de Indusrriales de
Pieles Silvcstres dE Paraguay and from the staf ofihe Museo Naci6nal de Hinoria Natural del paraguayt
ftom Emeritus Professor Harry Messel and the IUCN/SSC Crccodile Sp.cidin Group; fiom Dr. OMulio
Menghi and the CITES Secrebriati and ftom Juan Villatba-Macias and T?.AFRC-SL.DAMERICA.

METEODS. The survey methods for systenatic and rcpeatable night s?odight censusing ofcro.odite
populalions are descriH in M6s€l er al 1981, .nd sumrErized and disclrss€d in Bavliss t987 and
Gra.bam 198?. I! additioq they arc outlined io the Crocodite Sp€ciatist croup,s ( 1993) .CuDELnlEs oN
MoNrToRlNo CRocoDtuAN PopL't-ATroNs" fuf€r to these publicalions for dctails olthe suriey meIhods.
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An estnnatiotr ofthc density olcrccodilian popdarioN *ss obtained by rrai€litrg r€prescnlative
samplc scctiotrs of xBtrmats ar night ''d couDritrg the crocldiliens si8bted wilh a slotlighr Wlell
pcJsiblg aD cdimelc sis nadc ofthc sizc oflha individuals siBhtcd from which a size distfibution ofthe
popuLlioo catr be c$imalcd Such bricfsample survqys do troi sight and count a[ th. c.ocodilians in an
ara Ho$€ilr, cxt.nsivc rcpctitirc sampling by Prof€ssor }lesrel ard coleagues in Austr'rlia (involvitrg
thousanrts of $ch $rv?s orrc. a Frid of I I y€ars) has €sleblished a vcry sound statistrcal basis ftom
wbich thc rEsrlts ofsinSlc night spodighr counts c€tr be intcrprct€d with confdencc. By foltowing a ndct
prolocol of proccdurEs fo coDduct srch surwys, dewlop€d by Mesror Marsel, d|c a€$rlts can be
comtorcd wilh sirdler $ft?y r€sults in other ptac€s and iorcrprct€d wilh cotrfdcncc. Conpsrisons
batwn locatioos ard b€iwEan ditrerEnt samplc Friods catr also b€ bade.

This techdquc bas becn used in croaodilian $ri€'s in numcrous countri€s iNllving ser€ral
difercDl sp€ci6. In several studiG additiotral rcpetititr samplir& and popukrior €srirnation by olllcr
tcchniques such as trurt and rccapture studi€s, confrd lhe !"lidity oflhe re$lts ofsingl€ night spotlight
Euri€ys. The techdquc h.s3 be€n widely applied io lhc quantitatil€ srrnq ofcrocodilian populations in
I-atin Am€dc., e.9., Honduras (Kiog er d, 19910), Vemarela (corzula and Seias 1989, ThotjaiErson
l9r), Gu]".tra (Gora a and Wooltord 1990), Agentina (Wa.Uer and Mcucri 1993), Bolivia (Erquera sno
Pachcco l9E9; Pacheco 1993), Co6taRica (l'{alunood and Cbaves 1992), Haiti Cfhoftjafll{ son lgSS),
Nicaragua (King and Ro6s 1993), alld elsewhere in thc world (see Bayliss l9E7).

The csscntial elements ofdE prccedue aie ut th€ g\act position of$an atrd end points of€ach
su gy ara carefiilly noGd as is lhe distaff€ or area suveye4 aDd these aie reported in $rbsc{rcat
Frblications so the surll's car be duplicatd ty indeFndent rcscarcheE. Itr tlle sun€ys rcponed herc, a
Idageltan GPS NAV l00O PRO ras us€d !o accurately dctermine the latitude atrd LoogiMe in degr6,
minutes and second! ofsil $an and end poinrs. Itr ooc irctarcq indicated below, the Magellan GpS
instrument ras us€d itr combination with a KVH Datascop€ digital conpass and ranMn&r to project
(cslorlate) lhe location ofa. altern4e .ndpoint that was in sight but could not be .cached b€cause of
shrllow q'ater. Physical variablcs are r€.orded such as wind strenglh, tide or l}Bler levcl, vegerarioq
n/arcr ard air trmperaturg and water salinity, wbich arc knowr io afrecr the proportion ofcrocodilians
sighted. P.derably, srrweys are conducted at high sp€ed to cover distances of20-j0 kfi in a night after
prelimiMry reco rrissance llas tt€€n made oflhe warerway in daylighr to ident8 hazrrds and !€ris
positio$ and disLanc€s-

In Paraguay i! lr€s not always possible lo $rvey caiman populations using the $andard nightrine
spodighr survcy proto€ol in which er€ry inilividual crccoditian sight€d is apFoached suficiendy close ro
reaord what specics it is, and to estimate its sizq and rccord its location. Cainrns in some paraouv
populations wcre so abundaol and so close togerhcr rhat ir lras not possible !o srite fan enough ; reclrd
the urul data bcfore several ne$ty caimaDs had submerged or moved to new positions, mking it
impracticable lo kecp track ofwhich individuals had be€n !€corded and which had not. This is
pantcularly true in dcnsc populatio0s that conrain nullrlrous dominan! terdtorial nalcs more ihan 2 m in
lengh. Many ofihese malcs astirlly swim 0oward the spotlight only to srbnerg€ with a greal swirling
splash when they are wilhin 3-6 m of the bost. This nuy be pan ofa tcrritorial dis?lay, a challenge to the
boat inwding lheir t€nitory, and finatty submission when tlle boat do€s not fl€e. Some of the doturur
mrles s*im not toward lhc boat but diagooally aeay from it. In either insiance. movement oflhc larse
nalcs caus€s snallcr caimars to ft€c ftom their paft or to submerge. This combination of a largc, de-nse
population dmoving, submerging and rEappeadng cann2lls in a relstir€ly srnall body ofwate, prcvents
tbe s?otter ftom doiog more lhan nake a fast caunt ofthe total numb€r ofcaima$ prcs€nt before tlEv
mor€d or submerged. A number of populations wrre s!fiiciendy abundall !o force a simple count oithe
total number ofcaimans present, These total counts w€re conducted from a boat rnoving firough ihe
population or from s}rcrc. Simple total coutrts do not contribute infonnalion on th€ size classes of ihe
caimatrs in th€ populatiod. To o\,€rcome this shortcomin& where possiblq si?a w€re reaoadcd ofthe
caimans sightd ftom a boat tra$ect tfuough lhe population. Data ftom lhese transecls arc rrasetrted
below as the percentagc of the population in e3ch su! class cocounrered.
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Occasionally a coutrt &om shorc would b€ hamp.rd by r€getation that penielly blocled a cteat
vicw ofth! total popuLalioo. Orc such oacarion occuned whetr tbc dense population in Aroyo Syty at
faguna Gcnenl Diaz ras srweyEd. Ttc pQuletion r"s so detrsg 1,017.3 caihadtD, lhat it *a5
impossiblc to coDduct the norn l slardard surlry. Two s@6ratc apodight total cou s rrrr t Lcn of
Arolo Syry, o|re fiom a traclor on slDrr lhat couded 2,050 caima4 rnd orc ion a bo6t novitrg down
thc middlc ofthc sltEam that countld 2,238 cai|tratr. Thc tolal couDt ioln thr tractor noviog atong lfie
shoa€ ra{s casiea becausc it disturbcd drc admals less so they movcd lcss. Ho$crlt ihict slands of
cattails, 4/pra, in two locatioDs blocked lhe view ofthe stl€or', Dakiry it difrcult !o sight cairurs along
th€ near shore- ?he coutrt 8,om drc boat providd an Unreilrict€dview ofthc cai|r|ens, but cle€ y
di$urbd natry, pronptiog thcm to movc ioqard or s$ry toD lh€ boat, adding to th. dificulty ottryiog
to kc€p trad. ofwhich ones had bccn countcd fird which had not. To bclp or€rcomc this di6c1llty, on€
sFtte. (W. King) countcd the cainan otr the right sidc ofthc boat, whil€ a second spotter (L. &uino)
couted the caimatrs on thc lcft sidr ofthe b@t. Coaridcring the difiiql'Ity iDrf,ftdby tb C2'lrfls, TWha,
the difierenc! h the t$o Arroyo Syry coutrts s"s surprisingly $nall (8.570). This sugg€sts that in other
localities where local condidons forced total coutrts ftom shoc, e sdull rrror lras idroduced if the view of
the tot l population \*Bs lanially blockd by r€getario.. Whc! thrt occwre4 ir is no(ed in tlle s1tryey
aesults prcsentcd b€low ard the count is corBidered a r€cod of the minimum nurht€r of caimaE paesent.

A fcw Spanhh terrns are used lhmughout this repo( both because thcy spp€€r prominently on
maps ofPeraguay end itr other publications end b€cause th€y arc tcrms widely us€d in Paraguay. These
few tema are defined her€ for lhc readcr who is trot lluent io SDarish:

. anoto - *tcaar
, caaada = golly, t vine
! €rrarcta - rancl! usually a catde aanch
, lago = lale
. /48rra = lagooq r shallo* la*c
. rrpresa = a dan! or the impounded lake or pool bchind dle &m
. /etiro = refreal usually a snull ranch or secondary ranch headquarters
..iacro = steanL fcquently €n intermittent strerm thar flo*s only dndng the rainy se3so4 or

th€ Fmune[t pools found along the nre€m coursc dudng 0rc dry season

' tajanar - n -n dewateftol€i dug catdc tank livestock }aterhole. or highway bonow pit In
many tajamars the \r?ter is suppli€d from a $€ll, so lhe uate.let€l fluctuates linte durirg the
year. Sp€cial reference is made to t\e'tojanar Alstratiano', a raterhole in which lhe e3rth
rEmovd by the bulldozer dudng construcrion is lormed into a tall llmud adjacent to the
rEterhole. A depression is dug into the top ofthe raisd errlh rnoufll and a windnill used
to lill it with qater from the *aleftote. Gravit flow rhrcogh pVC pipes di5p€rs€s lxarcr
fion th€ raised eanh pool ro orher pans ofthe ranch.

O.iginal field data records ofdrc sune}s atE rerNaincd in the otrces ofclfEs-paraguay in
Asulci6rq Paraguay, and the Crocodile Specialin Group and Biodiversity Scrvices, Inc., io Cainesvillq
nodda USA.

RESITLTS. In lhe p.cs€ntdion ofthe srrvcy rcsulls tbat follo*, the sires ofthe iadividual surveys are
gmupd together prifierily utrder the gencral regio& Cenlial Chaco, Easlem Chrco, pjo pilcomayq AIto
Paraguay, and Oriental locrlities, and s€condarity under the turnc ofthe estarcia or wat€nrav where the
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CENTRAL CIIACO AREA

EsrANcrAPAt SANro. Fo. thc srrlly sites on this ranch, nup lrna plaia HOJA SF-21-9 in the
l:250,000 MalE N&iotral scdcr, ras us€d io combination witb a portjy banddra*n nap provided by th.
rrnch. Oaly Cairna, tscare is km*! to oc.rr od thr nrch.

l. LAC{NACoRoNELMARTNEZ. On thc night of28 (hohcr 1993, this cntirc I km loog lagoon r"s
9,rtqcd Thc o{acl size and shaF ofth€ lagoon varies with tbe srtr lcvcl betn€en dry and rainy
seasotrs. On rhc trup it is showa es e 'V'-shrp€d lalc *ith th€ .rns extending NNW and SW from atr
can pointing.Fr. Each elm is spt!.oxi&atcly 0.5 tm loDg so thc midtine length of the lagoon is I km.
Thc $rlouding hsbitat is ill.rmcdiate bet$€o llc dry chaco ad tle inundared chaco. Thc shorc oflhe
hgootr ras a l-30 m wide st€tch ofcss€ntially b6rc sard and clay with lcattered logs. In tlrc past the
lagoon bas becn coverEd with $atcr leituce, Prnd sp., but at ihe time of the surv€y r"s iE€ of floating or
crDergent vegccalion. Th€ n€tea *"s lcss lhatr 2 m dcep.

:  :  : : :  :  :  I r t i tude lrngtude
LsgUrE Loroner Maftacz starung point

at eastem apex thc lagoon 22.t4'20'S 59009'45" W

This is good cain n habitat. Tlrc leke is ft€shrater (oiY, salinity) and suppons a vsriety offish
and paterfowl. The cairnans wer€ so abundari t|at tte standard slrrcy could not b€ conducte4 so a total
coont *"s madc fiom shorE and combined with a size{lass samplc rnade ftom a t oaa tansecl through the
population. Hunting is not allo*rd on Estarcia Palo Santo so the cainuns arc not shy. N€rr'enlrcls,
trutry $bmerged beforc thc b@t was within 30 m ofd|cm.

A ro'al of 481 Cainan lacarc *€rc sighte4 and rhe tra$ec1 sample indicates the foltowing
perc€ntage size classes r*rrc presenr 2.4% (Ilalchtings) , 46.3o/0 (2-3'), 4.Ey. (34,), 4.8o/o (4_5,\, 24.4%
(5-4'r, 15.5o/o (6-1'), nd 1.6% (7-t). No tnrc hatchlings l}€rc sighred. The .Harchlings' ftcoded are
bosd otr aninals less thao 2' in length sighted duriDg the tra$€ct. Ho*er€r, at least two pods of these
nclr y€€rlitrgs *rrc sighted, oae of I I individuals at the eod of the SW ann ofrhe lake and one of39
individuals near the aDex of the 'V'.

waterway Cairun sighted Caiman^m
Coronel Martinez 441

4S7
l_0
1.0

481
Totals

2. CasADoTaJ^MAR. On thc night of28 Octob€r t993, this 1.0 hecrare tajanar Oulldozed cat e
r?terhole) rras survey€d. This is one ofa sedcs olthree similar tajarrlafs confiuclcd at tho do$n$re3m
erd oflhe fuacho Mosquito, a s€aional str€am thar carries salty *ater (l2lxo sslinity) hon tlle up$ealn
drairuSe. The *€terbolc has b€comc a, aniEcial cvaporating trasin that funher concent arcs the salt ur
th€ $"ater (2?*. salinity in the rajarnar), with lhc r6ult ihat the cattails and olher emergent aquaiic
vcgctario4 Urc fish and lhe mollusk halc alt died. The *arerhole now is a dead srln; ftat slnells of
hydmgro sulffd€. Thc surrounding ar€a is a sssonalty trooded grdssy satrJlna on he3vily salinized soils.

Latitude lnDsiiude
Ca-sado Tajanat 22.12'19" S 59.1126" W

No cairuns \*€rc sightad.
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3. RIAcfio AND REPnrs MocQUIro. On lhe af,emoon of 29 Oclob.r 1993, the Riacho Mosquito a&l that
Fdotr of it inpoundrd as a largF lat€ no.lb ofEstancia Palo Sallol nab east-w61 ro€d ec.c suw.y€d.
The Riacho l\ilosquilo is a safg firam 02% salidty) that srlpports liglc appal€d wildlifc at this timei
allflough n b€codrcs $rtrcieady ftesh to support a firshc/atrr fora .trd quna (ircluditrg c'imr) itr ttre
6iry scason. Thc shorc i! litbrd with daad rootad r€Sctatio! (what appca&d to ba th€ loots and stens of
cadails) atd dr.d mo usks. A thitr white litre of &id salt cocdned the soil aod flotsamjug abovc lhc
ratealina.

Thc lakc was cotrgruc1€d by building ar earth dam across thc couse ofthc str€am for thc
Frposc of rEt ining *ttcr Ihrough the &y s€ason. It accomplishes lhat bot es a! cvaporatiog basio that
firthcr conccntratcs thc salt 03% salhity). Dcad trees line pan ofi6 shorE. No aquatic vcgctation is
prGcnt eport from r r€ddish+ro*T algal ftingc at th€ *deis edge. Fish skelctons and mollusk shells
littcr thc Bhorc.

Latitude lrngitude
Riacho Mo6quito at the bridgc on the

Estancia Palo Santo cast-wE$ road

No caiman n€I€ sigbld ard no sign ofcainar was deiecl€d. This $,as not a slandard survey and
the results are offcrcd hcrc lo show thg l,Eriety of babitats encouotercd ilr Pemguay.

22.11'46' S 59"14'03'W

CaimadknWater$€y Caiman sighted kfi surveyed
Riacho and ReDaesa Mosouito 0 2.O

EsrANcrA JUAN DEZar.AzAr. For the $rvey sit€s oo ris rancl\ maps Lorna Plata HOJA SF-21-9 3rd
Pom Colorado HOJA SF-21-13 in the l:250,000 Mapa Necional s€ries, s€re uscd in combination wrrh a
pady hand{ra*a map govided by rc ranch. Orl.ly Cainan tacare isknorrn to occrr on the r3nch bui
the known range of Caird, latlorttr is sr6ciendy closc that it is possibl€ thc qecies might occ1l' h€r€.

4. LAc(NABEN'lrEz C\r6. On the night of30 Ocrober 1993, this 3 km long lagcon was suweycd. ltisa'C'-slup€d, frcshwater (0X. salinity) lagoon with lhe opening oflhe 'C' orienled to the lilw. The
$aterler€l rras sufrcieddy low ro p.ovide a lG-30 n wid€ flat shorclirc ftcc ofvegetation other than
slrrs€ grass on lhe upper slopes. Near the watcls edge the shorE cotrsisted ofdried mud-oracked cakes of
whrt apF.srd to b€ dehydrated Ptdta p€at. h the $ave lap zone there was a slurry ofdead algae and
trrud. Mud o0endcd otrshor€ some distance, Thc northwEstem end of the la{oon is onlv a fcw inches
dccp. sufficienrly shallow fo. wadirS birds to $alk acmss irs middle. Tle htoon suppons a good
populatioo ofspoonbilts" slilts, connontnls, scrc:uners, ard tapirs. The combiMtion of*ida muddy shoae
and sballow $atcr discouraged the use ofaboat. Innead, the lagoon lr"s srveryed ty spotlight ftom the
back ofa pickup truck on the shore.

Totals 2.O

23c0203'S

23.01'46'S

Laguna Benitez Cue stan point at the tip of
lhe SW arn

l,agua B€nitez Cu6 end poini at lhe tjp of
the NW arm

59013'01. w

59"12'2E'W

Alfitai o163 Cainan yEorc wer€ sighted in thc following sizc ctasr6: 4 (4-5'), I (5-6), aid 5t'Ey€s Only'. The najodty ofthe cainmn }lre on the oppositc side ofthe lagoon rnd many $€rc light shy,
submerging a! soon ,s the s?o[ight beam hit ihem. Hunting is prohibited on Estaffia l\ar & Zalazzr.
but thc ranch's many large lagoons are popular camping and fishing $Dts for local clUzens, mary of
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whom surrEptitiously hunt daspic the wish6 ofthe oslrcrs. Duritrg oua da),tim€ r€cotuaissance ofthe
lagoo& tto tapirs strc spotted atrd otrly our pr€scnce etrd discouragiog shouts Drrvenied huDtcrs in a
Dossiag pickup tru* fioa shootitrg then. Thc shyncss ofthc cainatr trray s,r[ rcsdt iom lhis .holidey'
butiDg prrssur,

Csinan sisht€d lm surrcvcd Cannan^m
Lgura Bcnit€z Cud 3.063 21.0

Totals 3.0

5. LaouNAItE-E. On lhc night of 30 Octder 1993, this l.E km long Achwerer (096 s€Iinity) lagoon
grEs ntwey€d. Its name is somctimcs sl€lled laguna Jhc-E. It is a 'C'-shap.d lagoon wiih the oFdng of
th€ 'C' pointing soDlh. The r@d passes b€rween thc mouth of,the .C' and trurshes tyitrg to the south.
The lagoon i6 s popular camping rnd fshing site fo. local citizetrs. S€r€ral goups $€re ca.mpcd across
lhe lale oo the NW shor€ thc nighr olthc sulvcy. The lagoon cou.ld easily hai€ bccn suvcyed by boal but
thc trafio*n€ss ofthe lak€ and lhe cxtrcnc shyness of the cairhrr$ (most slbnergcd a.s soon as tle
spotlight b€3m hit lten) and lhe presence ofa wide grassy shorc l|ade sulisying ftom a Uuck on shore
possible.

, Latitude Longitude
Laguu He-E staniog point d rhe end of rhe

SW rrm
lrguna Hc-E cnd point at thc end ofthe

SE arn

end oflhc SW arm
kgulu Tapa CuC cnd point at the

cnd of the NW ann

Atotd of 3a Cainan lacarc *€rE sightd in the fo owitrg size clasres:2 (4-5'),I (j-6,). aid 35'Eycs Only'. Tbe majo.ity ofcaiman we.E locat€d on lhe far shorc, opposite ftom the rcrd. The only
cairnatr on thc ne3r shore $€re in the p3n of the Lke where carnpeN occupi€d the oppositc shore. The
sblness ofthe cainEn undoubtedly comes ftom hunters and ftom ha!'assnent bv camoers ard fishetren.

6. LAGIJNATAIAC]jt. Ontherightof3l Oclober 1993, this t.8 tm long lagoon *?s sl|ryeyed. Itisa
slighdy salty (5960 satinity) 'C'-shaped lagoon wilh rhe ends ofdrc .C' pointiog *en. It supports a good
faura offsh and nollusk. A low s$€te of seasonelly flooded *ctland extends south from iaoa Cue
laSoor to Romualdo Cu€ lagoon. As the dry season progres.ses. Tapa CuE shrints in size,Enatty
occrlpying only lhe c.stem end ofits shallow basin. At lhe time oflhe su!€y, tlte wat€rlewl in the lagoon
eas Elatiwly low- The e4osc4 hrrd sandy shore vrried ftom 2G-30 m wide. A soft ooze ofmuck and
alC ddris extendcd ftom the watct's edg. ioland for several meters. The tagoon rvas shrllow (much ofit
less lhan I n deep) alrd drying- Although it lr€s thc iainy s€3soq the rait|3 had not yct $aned in €anesr.
Thc general al€a is 5 mosaic ofdry chaco and ilundared chaco.

: = :: : : : latitude l'ngiMe
La$ia lapa cue $arung potnl at $e

22.58,50' S

22"5840" S

23c01'08" s

23.00,s4' s

5900708' W

59.07,01. w

59.11,39" w

59.1127'W

A livestock feDce p.evcnled us ftom approaching Talta Cud closcr lhrtr 50O m by pickup tnrck or
boal, so a l2.volt battery and spodight trere hand-canied and the shoreli& was suvevei W fooi. ff,"
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suvct w:.s dooe ty $otliSh! trom lhc shorc. Alntal of33 Cain@t yean E€.€ sighted h thc folowitrg
sizc class6: I (6-7), I (7-t) and 3 I 'Eyes Only'. The 6-7' ad 7-{' spccinctrs t*crc at thc no(hem cod
oftbc l4goor, cncounterd otr lan4 leaviry thc *ater ad h.adinS to*"rd thc sinounding dry chaco
forcS. Fresh tracl(s itr thc Drd at that locatioa rccoaded thc novcmdrt ofdoza$ ofcainan into lhc
trfioundbg for€st whetB lbcy appaEndy will eait thc latc anivel ofth. rai$ ad rEn€p€d ex[E0sio! of
thc lagootr. TIte cainaD srrE light shy, neny $bncrging whgn th€ slotliglt b€am hit tlrcm.

Waterray Cainun sighted lm $we'€d Cain|,nAn
Iagum Tapa Cue l E lE.3

To{als l .E

7. LActNA RoMUALDo C],t. On the night of3l &obcr 1993,lhis2.6 km loog lagoon *as suiveyed. It
is a 'C'-shap€d laSoon with the ends ofthc 'C' poiniing northw€st. A low se"lc extends frorn the
Donhcm .td ofRod$aldo Cua to Tap6 Cua to the nonh. Thc slighdy 6alty (596. salinity) s/atcr f,as
$ficietrUy low to providc a 3-70 rd wid€ hard baked clry satrd, ard ouck shorc bcr*€ the *ate/s
dge and th. surrounding foresl. TIlc ends ofthe anDs $trc shallosr and dryiry. Cattle walkcd acrocs rhe
ends pilhout ge(i|rg much moft ihan their ar*les weL Thc lagoon qas srrlve]ed by spotlight fon fie
back ofa pickup truck that drove th€ $qnam shore on the idrcr crlrvc ofthe caescent. TIre surrounding
habitat is a mosaic ofdry and ioundated chr.o.

Iltitrrde I,ongitude
LaSur|a Romuatdo Cu6 staniog point at the

end ofthe nonh arm
I4ma Romualdo Cud end point ai d|e

end ofthe south atrtr

23.01'33" S

23.Ot46" S

,9"1128" W

59"11,41, w

Atofl-l oIt6 Cain lacare *€re sighie4 all iothe'Eyes Only'catego.y. Ronualdo Cue is a
farcrite camping and fishing site used by local citize'|.s. As a consequencc, the cairnans probably arE
lErrssed more herc dMn in many othe. populations. The caimans *cre light shy.

Caimrn sishted kn slrveved Csiman^m

2.6

E. CA.NaDALucFl. On the night of3l Octobs 1993, this 0.9 km long msndcring larerway rras
suw€tcd. AlthouSh it looks lite a nanlrEl wate.\r"ay, it is an anifcial impoundm€nr in a fossil oxbow of
the Riacho San Carloc t€hifit an eadl dam formd by the rarrch road. Thc sater is cssentidly fresh (3
salinity). Ilrge slands ofcattail, 4,pr4 line the shore and pady obscurc thc view oflh€ watcr. The
waterlevel *"s rclativ€ly low maling the impoundmeot shallow. Th€ bonom lvas mucky. Caimans w€re
lcaving the *Eter foa the surroutrding forest, We disco!€rEd nec cainEn that \r€rc intercepted on their
*ay to Ol€ woods by Indians, who harvesl€d thc meat. The shor€ was 30 to l0O m *ide and consisted of
g'ass-covere4 hardbaked clay and peat. Thc sunounding habitat is dry chaco thom foren. The \r"te.s?y
t as surveyed by spotlight from the bac& ofa pickup truc.k ard on foot.

= - , = , ,  '  ,  ,  k d t u &  k n 9 t u &
Laraoa Lucr-r s&uung porfl at u|e

Caflada Luci-i end point at rhe
road*ay dam at the east end

23"04'21. S

23004'29i S

59.13'29'W

59"13',02'W

l',t0



AtDl,lcf?l Caina" yacate r€te sighted all bur onc in thc'Ey€s Only'category. The only
exc€plion *5s a 3-4r cainun caught on shorc.

Watlrflay Cainen sirhtd l(m srfvclcd C€ioatrAll

0.a1

9. LAG(NAZN.AZ rTuyA olr thc tright of I Novcobcr 1993, tlis 0.5 km lo!& .clatir€ty suaigtl,
oaor'.l Lgootr was sun€tqL ThL is atr rxtrwely rich fr€shsarer (2 salioity) lagoon. Thcrc are targe
nfids ofcanail, ,}?ta, on its F.imctcr, and hct"€ctr tbr tangc ofcathil rh€ shol€ is covered c/ith
.t0.06,ivctf,dt of Hydmcotyle atldr(ff,d. Dchhomia. The vegptation has produced s 6ick bd of p€ar
that b cxposcd wftcn thc rat€r is lolr. Thc lag@n is visit d by la.gc flocks ofblack+ill€d irE€ducks,
white-fr.€d treducks nusclif, du.k, sc.rame.s, lpoonbills, egets, hero$, andjabiru sio*s_ Cat ra,
'-a.dre hcads atr rcadily yisibl. during dle &y scattftd ecross lhe suacc. The lagoon wes ebour I m
d.tp et lhe tine oflhe sul€y. Thc surrounding habitat is dty chaco. Tbe lagootr \ras slotlight survcyed
iom the bact ofa pickup tnck on sltorc.

Ilitude Loncitude

Total3 7l

lAgrjta7,a''az t Tvf6 {afling point at the S end
l4un&z uar Tuy6 cfr point st the N end'

23c05'10" s
23"04',54'S

59"16'45' W
59'1647'W

AtstiJof34S Cainat yacaa werc sightc4 all in dle'E'€s Only'category. Judgitrg ftom the
clo6€ clumping of cycs in a cove at thc southcrn en4 at lcast onc pod ofycarlings $"s pr€sent,

!4&My Cannan sighted km srveyed Caiman/km
L38nl)a Z,zlntt TWA 0.5345

Torals 0.5345

10. RrpirsA GaLpoN. On lhe aftemoon of3l Octobd 1993, andtlrcdghtofl Novemb€r 1993 this
impoundmenl was visited. Galp6n is a canle s,aterholc behind an eanh dam on a triburrry oflhe pjacho
Sar C.dos. The aftemoon recomaissance mad€ ir apparent lhat rh€ pool *?s unlikcly to conrain uy
caiaoa[s. The end-of-thedry s€ason *ater r€s almost gonq only a shallow muddy remnad rcmained.
\trlra! *€s oncc submerg€d bonom $r! now a bere muddy clay shorc witb tro vcgctatjon. Mrch ofthe
mud *us dried aad q'ackcd into large cakcs that lay loose oo llrc surface. I-ocal Eshennen were busy
catching fte fisl! mostly synbrrnchid eels, U.app€d in rhe d.ying pool. Ir rained lhe night of 3 I Octob€r,
tnd lhe rrlatcr ros. slighily, but thc nighnirn€ sulrry revealcd no caimar prescrt in lh€ Repr€sa catpon
tcm.oati pool. A p.evious survey oo 16 Novcmbq l99l found a 0.64 hcctare pool oc@pied by 16 Crrnan
,a.4r.. Since Represa Galp6n is not large enough or de€p enough to provide a pennancnt *ater source, it
is mentioned hcr! not as a slerldard suvey, but solcly for ftture refcrenc! on the habitat,

I L REPRTSA VrcEN'rE. On drc night of I Novcnber 1993, 1.0 km ofthis $e.m-likc impoundment was
$rv€,rd. This is a sliShdy gfty (8% salinity), mcardering waterway that $rppor6 s rich flora atrd fauru.
Exte$ivc goves ofcattail lina its shoaE and floating algal rnats covcr lhe shallo* satcr overlying lhe
p€aty botrom. There $rrc flocks oft€educks and screamcrs and a few connorants on the wrter atrd shore.
T[e spodight surrrt l/as conducl€d ftom an aluminum skifr. The cairEn lrere lieht shv. The war€r ]r€s
too shrllow for alr outbosrd motor, bur dle canter of rhe warerway r€s sufroenrty d€et' io allow r}c boat

'Tbis cad point m2y bc lcss acc1lf3te dnn o$€rs as it was calcu.lated ftom thc nraD and not bv usc oflhe
Magellan GPS instrum€nt.
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to be poL4 gdsrrv€r, poling w&s a*t$"ard ,nd slow b€causa lhc !Dl6 kept gctting caught in the Duck
botlon\ so a total coul] wa! t kan in combitratioo with a sizc class tmnsccl.

kdudc f.ryiadc
Repr€sa Viccotc naniog poinr et the

soulhcm c[d oflhc riratds.ay at lbc a€tt! dartr
R@rcsa Viccnc cnd point al th€

northch Cnd ofth€ raterrr€y

23.{X39' S

23004'18'S

5901543'W

J9015'54" W

A tfi,J of 2$ Cainon tscaft wcrc sighrc4 end the tr.!se.l samplc indicates the following
pcrccntaS. iiz. chlscs urrlr pr€sed: 13% (2-3), 30pl. (34'r, 35% (4-5',r, aad.2r/. (t4'). No realy big
narurt nales (>7) wc.r sighted.

Caima! sighted km suwv€d Caiman/kn
RcprEsa Viccnlc t .0203

Totals 203

EASTERN CHAC]O AREA

ESTANCIALA(ioto!.IDmNA For the survey sitcs on this rarcL rnaps Aslnci6n HO'A Sc-2li in the
l:250,000 Mata Naciooal scrics, and Benjsmitr Aceval HOJA sl7t-tr, Rio Confirso HOJA 5371-Itr,
Pueno Galileo HOJA 5370-X and ViUa Hayes.HOrA 5370-I in th€ l:50,00O Caaa Nacional Pardsuay
6€ries, w€rp uscd in co$bination with a hatrd{rarh rlap providd by the ranch. The general arca is
inundatd chaco wilh occasionel islads of&y chaco. Botll.Cainan latimstis aM Caiman yacare are
kro*n trom fie 'Iea.

12. RExp€sALq,GorotrDFrNr" Oo the night of4 November 1993, this 4.0 ha ftesh*ate. (0 salinity)
impoundment vas $rfic]|ed The impourxlnrent is relrdvely shalow vith covcr h tb. fonn ofemcrgent,
woody shnbs sca$erld across its surface. Strcam-like channels nm lhrougft the shrubq but tlrcrc is no
large open rater itr the ccntar of ihe impoundment. This is r clear, blacl$rater system that carrics no
s€diment load" and may be erle.S/ poor. Recent rains had soated the groutrd betwecn the road and the
reprcsa. turning the soil into a soft muddy ooze atrd forcing us to leave the truck 500 m away. The
slodight sui€y *"s conducled on foot ftom lhe top oflhe elnh drm. Belo$/ thc dam th€ water s[ead
through lhc woods and evcloallyjoined a fast tlowing black*€ter siream. Thc palh from lhe ro6d south
ofthe rcpa€sa passes n€er a snull tajanar, which *?s srrrounded by bunch grasses. Tacks ofraccooo
and ocelot $€rc pres€nl in the muddy path, and numerous fto8s were calling.

Irtitude Longitude

1.0

Represa h Golon&iaa $aniry point
at lhe north cnd ofthe dam

RcprEse la Golondriitr cd point
at the south end oflhc dam

Snull tajanar inn€diately south of

24"57',40' S

24"57'41.5

24"5756" S

s7"42',29'W

57"42'2a. \N

57.42'30" $t

A siryle 'Ey€s Only' category cainan ll/as sighted in rbe rcpr€sa, tlut it *"s e8remely sby s s
werc ullable io get su6ciendy close to det€rmine what species ir n"s. No cailnais were sighted in the
water below tho dam or in the ne{by tajamar.



Wale rway Ceimran sishted ba suvcved Caitnenna
R.pr6r k Golon&ina

Tajsnar Punta Porl

4.0

Althougb huntiry is pmhibitcd on Ia Goloodritr4 it is beliclrd that in the rrced Dast local
hdials did iovad. thc ra[ct to talc sbDs for comeercial sele ad sub6incnc. hunrhg pdsdy stil
occurs oo thc ranch. That do6 not account for thc prEsant paucity ofcain n. E forcemcot ofprragua'.s
cllrr€lt Dotr or caieaD cxports, scizurG ofillcC skios, arrd thc irtenutional cco@mic nEassion sim!
1990, h,3 &$dt!d iD clo6iag dol}Il the cairnao !&in riDrtct in Par.gury. Vilnrally no orlc b hunrin&
buying or seUiDg caitrun skins.

13. TaraMARAusrp,AuANoPur.'rAPoRd Oo thc night of4 Novcmber 1991, this 0.E heclarc nan-made
rr?&dlolc *es suyeyEd. It is a filshwate. (fi. Ealinity) pool sur.ouded by booch g.ass€s and w€€dy
sbrubs. Thc qatcr i! mur*y witi aigac and not ieds. In additioo, therc is a 0.2 ha tais€d<tnh tark
innediately bcsi& the tajarMr fiom which gravig-fd water is piped ev6y to watcr th€ cattle. A fence
kccps catue out ofboth the taiarnar rnd fi€ nis€d tank pool. Thc tank pool contains somc emergeot
gres*s atrd sedges.

_ _ . I4itude t ngitude

No c.iman RErc sighted in lhe tajmar. A single 3-4'Cainan yacare *6, sigrtcd in ih€ raised
t^ik. No Cainot latircstris *rs detected.

24"58'27" S

24c59'23" S

57"43'45" W

57'43',47" \t

O,E

1 ' O

14- TAjAMAIAUsTRAuANoSaN"rALusA2. On ihe night of4 Novemb€r 1993, rhis 0.8 hectare r|@-
madc *at€ftole nas suseyed. It is surround€d by burch grasses, vincs and shrubs, Inm€diately next to
Ihe pool is a 0.2 ha raised-€afih tank from *hich rr?ter is piped io lhc ca{lc. Both the tajatnrr and rhe
nis€d tank ar€ fteshuater (C,%. ssliniry). A nanow fiioge ofwhat tooked like dry seaso; dwarf€d p,rria
ringed the €dge ofdle tajanar pool. The raised-eaflh tank pool had cmergent grasscs and s€dges along its
cdge.

_ , At!'al of 12 Cainot racdr. *Er€ sightcd in the following size classcs: I I .Hatchlings' and I'Eycs Only'. Thc 'Itatclrlings' arE c.[ed that solely b€caus€ they *trc rpprcxioatcly 12 inches (30.5 crh)
lorg; lhey lr€re hatch€d tast ncsting s€rsotr and now.re ncarly a y€ar old. One ofthc hatcl ings *€s in
th€ raised tank rnd the rcnainder $€rc in the tajalDar pool. Thc .Eyes Only' in the tajana, pool could
l|6v.W^ a Cainaa lat|,stris, but most prohably was $e Caindn yacare nrcthat of lhe hed inc md.

t B



watcrs?v Cairnatr siqhted ha $n€ycd CairDann|a
Tajansr S.!ta Luisa 2 0.8

0.2
13.75
5.0Taj.Dar S.nta Luise 2 rais.d-.anh te$k I

Totals 1.0

15. TAraMArAutfl.AuANoSANrALusA4. On thc trigbr of4 Norqnbcr 1993, this 0.8 he.larc nan-
nadc va&rhol€ *.s s|tvq.tl ln n diat ly adjaccd to lhc ajaoar pool b a 0.2 ha laiied-€arth ta* ftom
which Eat r i3 pipcd to lhc cadc. Tb€ pool atrd tart arE frEshwater (oft. saliaity). Th€ watdhole is
Budorlldcd by bulch Sressas and \ 5ody shnlb6.

Ilitudc Longi$dc
Tajarbar Saota Luisa 4 25"00'34" S

No caimr.n w€re sightd itr eilhd the waterhole or in thc raised tank.

Caifien sishted ha $ryeved

57.41,5E' W

Caiman4n
Tajarn r Santa Luisa 4
Tajaoaa Santa Luisa 4 rais€d-€arth tank

0
0

0.8
o.2

0
o

Totals 1.0

16. D,oiACyMnflaRoaD. On th€ night of4 November 1993,0.4kmofthe ditches alongside the load to
Doi, qdhir R.prcsa u,Erc alrvey€d. The road pals€s duouSh inundat€d gressy tr€lds rnd Inarshy
palnarc (palm savama). This is thc road to the Reprcsa Dofla Cln$ia and it *"s olir original intention
to suvcy this largc impoundmenl but recent rains hrd rai.ed the *?t€r so high that a olven no longer
could handlc the flow ard the rcad l*"s completely xashed out. Tlrc inpaisable, x"sh.d.oul *€tery
cr€vass€ E?s the end poitrt ofour $Ivey, The ditchcs contained many $bmcrge4 ooating, a.d em€ryent
squatic plants, Rail6, cran.s! caracaras, ard hawks n€re abundad in tIrc arEa

Lalitud. Loogitude
DofiA qtlthia Road stad poitrt
Dona Cynthia Road eod point

25.0t14's
25.01,26'S

57.41,J0', W
5?'41'53',W

A tolal of 17 Caina, yacarc werc sighted in lhe following size clrss€s; 15 (2-3r) atrd 2 'Eyes

Only'. The 2-3' animals were so rErnarkably similar ur $€ are colwimrd th€y reprcsed a pod ofyoung
fiom laslyear or, morc probably, the )tar before. Thetwo'E €s Only' mighthaycbe Cainan
/anto.rti.r, but more probqbly $ere more meiribcrs ofihc Cainn yacare pd or tll.i Dareats.

Cainun siqhled km sunsvcd Csiman^m
Doftr Clrdria roadside dirch€s 42.50.417

Totals 0.4t1

17. 'NEw' AUSTRAUaNoTAJAMA& On the night of4 Noi3mb€I 1993 lhis 0.8 ha rnrn-rnrde warerhole
\*3s $n€yed. Inm€diately adjacent to thc $?tcrholc is a 0.2 hd rxised-€€nh tank ftom *hich watcr is
piFd to lhc c{ttle. The bar*s ofthe pool are coverd with bunch grrss€s and shrubs.

Iltitude LoDgrtude
'New' Tajarla' 24"59',39" S

No caiman *€re sighted in either the *atcrholc pool or the nis€d tart.

5?"41'03" W

114



RJocoNtuso. For tb€ E|wGy of lhis riv.r, trup Asunci6n HOJA SG.2l{ in tl|c l:2jo,mo Maps
Na.ioDal se.ies wa. u!d. Thc gdrcral arca is ioundard chaco. Th€ r t. is fringed wilh a gal.ry fores
lhaf includes not otrly the ubiquitous mesquitc, bA also wiIh sorlle bro€dleafcvergrE€n t ees ald sca{ered
Copemicia alba palns. Nh Cqinan latitustris a'I|d Caina, yacoe arek'rfl0!r.from the arEa.

18. Rlo CoNauso. Oa the night of6 Not€Dber 1993, 2j km of$is rii€r *€sl oflhc Trans.Chaco
highsay bddge r/as $IvcyEd. Thc RIo Conftso is a nurlry btack, fi€shwater (O%o salidty) dver more
tban 2 dErcls drep. Thc tr me aEoccls the large loopiog .cotri6e4' ncetrdels that characterize rts course
(urhile the .ivcr disia.ncc sul!!y.d is 23 k rL thc srraight-lirc distance bctyc.n rhe upst €am stan aftl
do*1lltream end points is only 9 ttrr). The banks are a sady clay, tEqueody wi r tb€ lo*€r l-4 n barc.
Thc tops ofthc banks arE corcrEd with Clcry for61. A fnc natt d tanglc ofvines covers rnany oflhe
taeas and ftequcody dr,Fs into thc dt€r. Apart fiom the vitres and occasiooal lloating grass nuti mere
is li(le mver available. Thc .iver h.ss rema*ably few logs, floating limbs, or orher obslructions.

t ngtuA"
Rio Confro ulrslr€am sradng lDint
Rio Confilso do$r|slJe9m end point at

the TrEns{haco HiShway bridgc

25.01,31" s

25"06,26. S

57'35,36" W

s7.32',41" W

- Arar,l& 5 Cainan lacare $€r. sightd in rhe following sizc ctass.s: I .Hatcbling' rnd 4 (3_4,).
No Caiman lati.ostriswq. detecl€d- Ho\r€ver,4.Ey€s Only'll€re sighte4 and whilc Jms probablc
lh ltfs€, *Er. Cainnn rwa.. as *€ll, thcy could have fui Coinan latircstris. In additiotr- dunne urc
daylight re.!trnaissance of rhc suvey rorre. two b€tly slide [|ad$ ofa large adulr caiman were disciverea
io thc softmud oflftc dverbar*. The impressions let by the b€lly scales suggest lhc slides *€re nade by
a cairnen 6' (1.8 m) lonS or longer Th€ slidcs were facing cach other on opposite sidcs ofthe riv€, and
pr$mably rep.escnr a siDgle adut( which *"s not sightcd duritrg the nightti.ne survey.

23.O 0.39
Totals 9 z3.o

The RJo Confuso is e popula. sitc firquented ty fisbermcn ftom Asurrci6n. Thc nigh oflhe
$fi€y, tbough dlcy \i€r€ more iequcDr wiftin 5-t0 km oflhe Tra$€haco highway, fish€Imeo *ere
found througftout lhe entirc suwey.outc. The absence ofcainran probably is the resolt oflittle available
cor€r and lurassnent from fshermen ard bo6ters,

ESTANCIAIoMAPoR{ For surve}r in this arr5, map Conccpci6n HOJA SF-21.14. in the l:250.0{)0
ArDadcrs s€rics, rws used. The ,Iea is primarily inundated chaco with scattcftd Datch€s ofdrv cbaco.
BollnCainatt latirostrit and Cainan lacarc ?f:ekt]oe,t. from the area. Hutrting; not allowEd in rne
nncl! lhouSh somc undoubredly oc.us withoui le knowl€dge ofthc n rrgemcnt. Nevcnheless,
hu ing is not belicved to be in&nsive hcrc.

L15



19. RlpRlsa CAi^DA" On thc dght of l? Nov€rtrbd 1993, lhit 3 tm lotrg s.ri6 of in-litr , fteshvd&t
(ofr. salidiy) pools inpoundad bchind lhb canh dae aDd toadray c,!tE surler€d. The pools vary itr
eldatioo, rhc lolrlst atld f-rd $fllycd baing frnhcs \ tst ard Proglstivaly clinbing e 8.ntlc slopc
toua.d tlc aa$ and th. last pool st vlyd. Many ofthcsc pools dty out'duri4 dl. dry s.asotr ard as a
consaque&c havc vcgdation ooly arouod tbc edgEs, Howrltr, e fat contain $?tct !€arly y€€sound as
cvideoccd ty lnorc f,oatiry (Prrt a ad lhe .€d waterf€rA Azo a) efrcmctg.fi (CWns,3q/u,lic
vcgelatiotr. Thc poolr all naarly da,oid offish ard nolusls. Thc t!p|!sa{as cotrstrucled appoxinately
2-y.ers r8o ard niglt dlvclop into Frtrletrcot \ atertodiG as th€ Poob dao& rnd thc bo$oms r.al.
DrspiE lhc hck ofyear.bund s,atcr, lhc atca supports a vadcd asrociatad tfienrirl bnoa of rruscovy
dur*s, white.ftccd lrEaducLs, jaaanas, rious hercns, reils, ad p.ccary.

Idinrdc Irngitud€
Reptlsa Caiada drning point
Repltsa Caiada ed point

23631'45', S
23.30'05" S

57.33'22" W
57"32'54. W

A |Ital ol2 Ahn@t latirostris werc Bighicd in lhc fouo$ilg sizc classcs: I (3-4) atrd I (4-5);
ard l <34\ Cainan yacare also ${s sig[ted In additioq l'Eyes Only'cainan timidly ratk out ofsight
befor€ it could bc detcrmined to sp€cics. The inlcrDittent traore oflyal€I i! this s€d..s ol impoundmenb
udoubledly accounts for the scarcity of caima[

Waters{y Cannan sicht d km sfirqcd Cairnan^tn
Repltsa Caflada - /attrot ir
RepEsa Canada -t-ncrE
Rcprcsa Canada - 'Eyes Ody'

0.6
0.3
0.3

3
3
3

2
I
I

Totals

20. RErRlsABARxARrroNoRTE. On the night of l8 Nor€mber 1993, lhis 8 km long series offieshwater
(0 salidty) pools along lhc nised entrance road ftom the Pozo Colorado-Cooc€pci6n Eamal Pueno
Militar) high*uy to the ranch h€adquders ofEsrrncia Lorna Pord rr"s $lll€ycd. Th€ rnajority ofihe
pools prrallel the road but sone ne€r the highway €nd are perpendiculer to the rcad. L{any of rha!€ pools
dry out dudng the year, but scvcral arE pcrmatreot bodics of*?tcr dut $rppon a rich growth ofPisna
Bchhomia, Typha, alqry s"llke Cfpens, Cleone,ard floadry mats ofcamelote grass.

Represa Barrarito Noate ianing point
Reprcsa Bararito Norte end point at th€

village ofDieciseis on the Pozo
Colorado4oncepci6n high*ay

Watemay Caiman sishted

23.29',59" S

23"27,58" S

57.33',06" W

57.36'20. W

Atolalof 4 Cainan latlroslris ftrc Bightcd in the fouowing siz€ cLsres: 3 (3-4) .I}d I (4-5);
,xA3 Cainan tacan were sighted in the fouowing size classes: I (2-3) ad 2 (l-4). In addiliotr, 16
cainan could trot be approachcd sufiicic ly close to identit as to sp€ci€s and wsr rEcord€d ooly as 'Eyes

Only'. Most of lhe caiman *s€ sighted h two diferclt pools, both ofwhich supportcd ar ext€Dsive
gowth offloaiitrg and.n€ryetrt aquatic r€gEtatiotr. Mo6l of ft€'E'€ol y'probably \trc.eCainon
/rcafa ss lhey apFarEd to be m.mbers ofa pod oflag t€ais hatchlinSs lcatter.d thrugh the Ptdi, of
one pool that coDtaincd adult Cainan yrcar..

km srrw€ryed Cainan^ft
Represa Barrarito None - lcli.ol/rir 4
Represa Barradto None -/acale 3
Represa Barrarito No(e - 'Ey€s Only' 16

8
8
E

0.5
0.38
2.O

Totals



21. RracHoNEcRoaNDRarREsAAr,mruA On lhr light of 18 Nowebcr 1993, 0.5 td oftha $mI
fatoo! itr lhc Rircho Ncgo acar thc ratrchhoue oo Retiro Alegria ard tha s€dcs of pools alotrg &c 6 ks
itp.ls. atd cntnncc road ftlm 6a Pozo Colorado-Conccpci6n bigheay (on lhe n p this highway ir
iDdicalcd aa Ranat Pucno lfilitar) pcrE $rvsyEd Th. Riarho Negro lagmn is cxce{cnt caitr|an babitat.
It is a pamaDeot body ofpalcl b a saasomly flowitrg suEaD. It stpporu a,ich ltora offloatbg ad
cin rge[t aqualic Egciatioa that prcvi&s hebitat for both p.ry s!€ci€s and Fung cain n. Camelote
g.as Mt afi Eldhomia bloclcd ossrag. of lhc boat so otrly thc pools ftar the ra[chhousc could be
qdight ryftly€d Mrscovy du.b,lEaDan nilts, various fiogB, mollustq and fo(es abou[d. Atong the
railcd.canh co8anc€ rcad to tha Retiao Alcgria ntrchhouse is a serics of,borrow piis (iajama$), mo6t of
which rI€ s€asooaly f,oode4 but romc ofwbich ,Ie pcrlnanent or semi-permanent. notl tte lagmn anO
rcptse pools arc frcshrater (0% sa.linity).

Riarho Ncgo lagmn naning point
R.prera Alegria end point at lhe

23.30,J1" S

51"46'33" W

57.44,30. W

,- Ato',l ot26 Cainat ),a.are were sightd in the following size classes: 2 (2-l), 4 (3-4), 5 (4_
5), I (6-7), a.nd 14 'Ey€s Otty' . tlo Cain@ tatirostris pEre d€recte4 6nd thc Reri. At.g; $;tr
itrfomed rc survry team th4 o ly Cainan yacarc a$,louod in the tagoon a.nd rcpresa Allbur7oftl|€
caiman! s€rE sightd in thc .iacho lagoon. Tbe siogl. 6_?, cainun s?otted *"es found *rlking alory the
shorc ofon€ ofthc shrllcfi rcprGa pools.

Pozo Colorado4orcelEi6n highway

Ritcho Negro lagoon
Alegria

0.5
6.0

Caiman
l9
1

lxn Cainan^m
38.0
t.11

22. LAGT,NA CoRRArxro NoR.TE AND R$cEo CHE RAy. On the night oflg Novenber 1993,2.45 km this
large lagoon and tlxo smaller poots along the Riacho Che Ray were surcyed. None ofthese pemranent
bodier offteshwarer (0%. salinity) arc indicated on the Concepci6tr map shee! though seetnlngly *..y
rarchhand in the arEa and thcf families hai€ visitcd the tagmn at somi time. No roaas leaa io ttre nactro
so the sat€nrays nolhAlly aac rr&hed on horsebact or by trac0or. The lagoon and pools occui i! the
middte ofthc wide, s€aronally floode4 course oflhe Riacho Co.ralito No;e. The fl'oodDt{in conststs of
crterge[l aquatic rrSctatio& f'atDfts-like C/p.rus. and various g.asses on a peary *ll. w:!lJl, Copem@a
alra palns and mesquitc on floodplain ista&ts and on lhe higher nrEarnbanks. tt 

" 
Cor"rtito lion"

sUtaln *?s_sftallow at the time ofthc suw.ry oess than I m d€ep in nost places) and the lagoon even morc
shrllo*. fhc st€m *rs spotlight swcy€d ton a boat bought in by tractor.tor,€d traibr; but tlte lagoon
nrs too shallow to travers€ by boat so a total coun! of caimans $ras made Aom th€ oFn water of lhc
lagoon at th€ moulh ofthc strEam ncar the boat liunch site. As a possible ajd to firturc $rvey tcarrs that
may 6nd suftcient riarer to $rv€y thc lagoon F.imeter ty bat, and iD order !o dctermine thc di$arce
corerEd ty the tool cou.trt of caitrutrs, tbc latitudc-longitude locarion of the $rrcy end poilt on the fa,
shorc ofthc lagoon *rs Fojcct d (calcular€d) using the tv{aecllan cps NAV 16 pRd anrt a KVII
Datas.ope. The tst sntallcr Riacho Che Ray pools werc sporlght surv€ryed for tot2l cairnan ftom a
ttactor-ioBEd tr:iler on the shorc. Caitrutr h€ads r€r€ ptainly visibte dffing the day in att rhesc
watcnrrys. Scacaners a|td tr€edrckl were abundan[
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lltitude Irngitudc
Lagura Corralito Nonc drning point at l{W

cd of $tam
Iagl|lr| Conrlito Norte boot lauch sirr
Lagune Corralito Nortc prcjecl€d €trd poiDt o!

Sw shorr ofLgoon

23025'0,6' S
2325'26. S

23025'54', S

5?.41,14. W
57"4t'26',W

57"4144'W

Atd.,d of123 Cainat tocoE rqr sightrd b lhc folowing size class.s: I 'Itercl iag', 16 2-3'\,
24 (l-4), 13 (&5), l0 (5-{), ard 59 'Ey€s Otrly'. Nodai,,d,' lotirostrk et E dcteclcd. Though
hunting is not pcnnittcd io thc arca thc dts.ad.d botry bcly cut out.trd lhrosr swry tDm a chalcco
s&innd ftom r caioan eas fouod on thc shorE mar the boat lau|rch sita. lt cleady f,€r Aom an enifial
kil€d thi ]ter. This mi8hlbc suggrdiv€ ofthe rcason large caimr$ atr eissing ftom 6e Corralito
Nortc s'tarn population,

watdwsv CairDan siehlcd ktrl $fle1d Ginan/km
Laguu Corralito NorL

and si&em
Riacho Che Ray pool I
Riacho Che Ray pool I

l 1 3
6
4

t.7
0.5
o.25

66.5
12.0
16.6

Totals t23 2.45

23. TAJAMATS at NcEASTENDoFPozoCor,oMDo-CoNcEpcr6NIhcr.rwAy. Onthedghtofl9
Nov€nber 1993, 54 rcadsid€ iajan rs aloog the 16 km portiotr of lhe higbnay b€tq/€en the village of
Di.ciseis and thc bndgc ro Conc.pci6n over ih€ RIo ParaSuay *as suv€ry€d The €xEeme eastem and
rcnem ends ofthis bigh*ay (i.dicated on thc inap as Ratnal Pucrto Militar) arc graded and parcd with
as?halt but the middle haifto t*o-thirds is uDar€d and poorly gnded Eaflh uled to raise the finished
road abow le suroutrdiru seasomlly flmd.d cbaco $"s takm ftom tajarnars (bonow pits) dug along the
north atrd south sides ofthe grad€d and paved portions. Thc sizc oflhcs. fresheatcr (olxo salinity) pools
vErie,r consid€rably, ftom I lo 3 he€1arcs, and probably ar€ragc aboul 2 hecla&s, Thc c\act sizc of
individ|jal tajarErs could trot b€ detemired precisely b€cause access to most ofthe pools *as dcnied by
caflle feoccs without Flcs. Mo$ ofth€ lajaltra.Is arE d€ep emugh to pfovide Fnwm€trt water, but a few
arE shrllow pools tbat dry out seasonally. Ma[y oflhese shallo* pools appsr as little morc than
luxudous patches ofllooded samma Ncwly dug tajarnars lacking aquatic irgetation rnd en int€rt€brate
atrd fsh 6um ar€ relalively ste.ile pools. Ho*c!€r, oncc they ftair b€en iN"ded ty local iora and fauna.
lhey provide good caiman habitat. That 16 km poniotr ofthe highray hetvr€en Ihc vmagc ofDie.is€is
and the bridge !o Conc€pci6n over the Rio Paraguay to lhe €ast is bordcr€d hy lajarnars *hicl! for the
most parl can bc €asily seetr ad spodight slrwet€d fron the highwey. Ev€ntuslly, dle rees and shnbs
on thc shorc bccomc sufiiciendy larg€ to block the view ofthe poob Aom the higlway, as is thc case for
the tajamars along the pav€d high*"y lle* ofth€ village ofDiccis€is.

The fo owing listing shows consecutivcly numberEd tocations along thc high*"y and wh€iher at
thar l@tion a tajarMr is located otr the nonl! the soutl! or on both lidcs ofthc high*?y:

N or S ofHighwEy ladnde L,onginl(le
t
2
3

5
6
1
8

N
N & S
N & S

S
N
N

s
S

23"21't9" S
23"21'12" S
21"27,10. s
23"21',06', S
21.27'05' S
23.2?05' S
23c2705" S

s7.21',23' Vl
57.2735" W
57"2E'10' W
57"2v18" W
57028',4t" W
5102a'41" W
51"2a'41',W
5?"29'14'W

1?8



57.29'26" W
57029'3t' IV
57.29',43. W
s7.29'54" W
s7"29'59. W
57'30,04. W
57.30'17" W
57.30.27" W
57"30',34" W
57.30,4t" W
57.30'51'W
573r?4. W
57.3130' W
57.31',37'W
57"3143'W
570315?" W
57.32't2'W
57"32'28. W
57.33,01'W
57'31,15'W
31033',23" W
57'13',29" W
57.3349. W
57.33,56" W
51c34'07" W
s1"34'26. W
57.34'38' W

s1"35',20',W
57c36'04' W
57036'10" W

_ A total ofTl c'iman were sighted in these .oadside pools, all in the .Ey€s Only, category
B€.aose the views ofthe rajarnars at locations 16, l?, 24, 25, 265, and 36 were panialfy Uo"*.a 

-Uy 
,r"""

and sluubs, this mus bc consi&rEd a minimum counl Ne!€nhelcq $"tersaya abtrg majo! hjgh*ays
,l*a]sarc $bject to hurrin& so moniro.itrg thc oumbe.s ofcainans in there tajana; should giie mme
indication of hunting prc$surE on caimatr popul'iorB io the a.!la

9
l0
l t
t2

t4
l5
t6

N 23"27,05" S
23"2705. S
2302705. S
2302704' S
2302704. S
23.2704' S
23"2?'03'S
23.2703'S
23"21',O4. S
232704. S
23.2?03" S
23"2703" S
23"27',O2" S
232702' S
23"2m2" S
23"27\2" 3
23.21'02. S
23"2m2' S
23027'01'S
23"2701" S
23"27'01" S
23027',O2', S
23"21'02. S
23"2702. S
23.27\2' S

23.27\3' S
23027,u. S
86n22'S
23"2746" S
23.27'49' S

N
N
N
N
N
N &
N &

s

s
s
s
s

s

s

s

s

N&
N
N&

N&

N&
N&
N&
N&
N
N&
N&
N&

N
N&
N

I t
t 9
20
2 I

24
25

21
2a
29
30

33
34
35
36

38
39

54 tajanErs along the E €d oflh€
Pozo Colorado{oncepci6tr

73 t6

RJO Ptr-coMAYo AREA

Es-rANctAJosEptfNA ANDEsraNcta 26 DE Acosro, For tfie $rcys on thesc ranch€s, nap Fonitr Grdl.
Diaz HOJA SF-20.16 in the l:250,000 Mapa NacioMl s.ries n"s u!€d. Esta&ia 26 de Agono is
idcntifid on the nap ty irs former Drme, Retiro yulupi. Th. a..a is characleriz€d Uy typ-iot ary 

"t "-fo.Est inteFpe.s€d with wide cxDsEes ofinundated savanna in rh€ RIo pilcomayo O*djfain. t_i-y of
th€se savrmrs arc chrraclerizld by deep p€aty soils prcduced by €xtensive stands ofcana s. Few
Copemicia r,ahlr6 ?defo\rd inthe atrf5,. Bo|d Cainan latirorns and Caimd, /acdr. are k[o\rr fiom the
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arca Curenuy, orga[izcd caina! huotitrg do.s not drt on thcsc rarch€s, thouglr it Pts dlo*td in lhc

Past

24. RrAcro MoNrELDrDo. Otr thc night of24 Novdnbcr 1993, 1.5 tm oflhis $tEam t"s sunryd. Thc
.iacto is.tr i ermittent fitam that fc.ds lt€ Pilcotrtayo. Duriry much ofthc '€r it is litd€ mor! than a
s.des of int rcoarcctcd l-5 n wid., frlshwatcr ((fi. salinity), pools scadctEd aloog a meandcriDg co rse
lhrough thorny chaco *oodlad, Th€ $rvcy beSrn at an carth dam coBtructed aq!6s d& strea$ atd
extrodd uFtrcam to a poi{t rvherc the strEam was liltlc morc tban a tncllc lcas lhan I m wide, Therc is
lidlc rcgrtatiw covc. on lhc 2 ro 3 trl high b6Dts apan ftom Srass ad atr occasioml young nesquite. A
$bncrScd aquaric platrt, prlbably t odea trll€d rnuch ofthc pool iorncdiacly tboi€ the.anh dam. By
F6rudy, d|c scesooal rains harc raisad the !r'a!er abov€ the b6rls and thc antitc sultoutrding atEa is
Oood.d. Thc s?otliglt suriq e/Es conducld by *€lkin8 thc cart b€.* of ftc alrcam.

ktitudc Logitude
Riacho Montc Li.do sani.g point at eartb d.m
Riacho Mon& Litrdo upstll€m €d poitrt

23"36',2!'S
23.35,55' S

60"13'48" W
60"14'2?" lV

Atol?d of 15 Cainan tscare $rrc sighted h the folloqriry si"! classes: 4 (3-4'), 3 (4-5'),end 8
'E)€s Only'. No Cairncn latirosttr *as det€cted AIl the caina! wc.€ found ia the 2 or 3 deeFr pools
immediately above th€ dam.

Cainu.a sishted krn sufvcird Caimarvkm
Riacho Montc Lindo l5 1.5 10.0

Totals l-J

This is not great cairoatr babirzL Th€rc is little vegEt tiw col€r !o provide a nursery for young
caiman. It is Euficicndy remor€ that it do€s not $f€r fiom daily or wEckly hA".ssnent from hullter! and
thc slrcam is too shallow to attract fshcamcn.

25. EsrANcrAJoSEIITNATAJAMAR l. On thc night of24 Novcmb.r 1993, this 0.25 ba frcrhwater (0lxn
salinity) tajanar $"s sun€yed It sets like a thom tree sur.ounded islatrd on the cdgc ofa pcaty floodplain
domiMred by cattail. Ai lhe time ofthe suvey, the cattails had b€en bumcd do*,tr to therr rootstock. The
thorn trces are s.paratd from the rater ty a bare, sardy clay, shorE. The tajamar has a sizable
population offish in it. Bufr-necked ibis s€re common. Wheo the tajamarwEs first app.oachcd dudng
the day, cairnans n€re beskiag on shorc and hcads rEnraincd visiblc once thc animals Ilcd into lhc *?iEr.
The spodight sul,sy w8s conducted ftom the shore.

ldio& Longitude
Egancia Joscphina Tajanar I 23'36'(X' S 60"19'47" W

Cairnan/ha

Atbtltr of3l Cainar yacarc were sightd h the following size class€s: 15 (2-l), 3 (3-4), I (4-
5), I (7-a), and r|E €s Ooly'. No Cainan latircstris werc dct6tcd. Though lome ofthe 'Ey.s Only'
ttigltbzvct'!'nCainan latirostris, tlut this s€€ms unlikely. This tajanar providcs dry scason habitat for
the cairDan tbat eil dispcrsc inlo lhe surounding mrr"sh duing the w€t season.

Water*sy Cairlunsiehled ha survcrrd
Eslancia JosephiM Tajanur I l l 0.25 t24.O

Toials 3 l o.25
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26- EsraNcrAJosEEetaT^rAMAR2. On ttc night of24 Novembc. 199j, this 0.25 ha &Esh*atcr (0%.
safioi]rlinity) (.ja[ar $is $vrycd. Ir is dug itr s.!dy clry soil and har a thorn ftc i,ingc eround it. The
shorc is bdc and therE is oo aquatic rcgatatioa iD thr natcr, A str|al dry si'tam coursc ctrtcrr ole sidc of
t|l. qiaoar, bot a log bardcr bad baa! coostntctcd aqoss it Matry cainans F€re ba.t i.g on ahorr whco
tbc 'Iriry t an f$t eFrcochcd d|c tajanar durirg the da}litrrc rEconnaissanc€. The spotlight 6wcy
vr5 coDd|rcld by c,alkitrg thc lEriri.ter sho.E

::  : :  : :  =:  :  I$i tudc l .oogttudc
E$lcia Joscphitra Taja.n,I 2 23.35,55" S 60"1849" W

At!'tl d 19 Cainaa facoe wI! sighted in rhe folowing si"r ctass6: I r e_3,), 3 (4_J), 2 (7_
t), a[d 3 'Ey€s Otrly'. I'Io Cainan latircstris *se dctcct€d. Sonc olthe .E ls Only' might hat€ bcen
c. dnrortir, trut this sems udiLcly sim€ nooe \Ncrc scen either during thc dey re.oooaiia,rce or tn"
nigbttime suN€y.

At th€ timc ofthe sunry, hundreds ofdried ad fresh piranlu ard amored ca6sh covered rhe
sborc and ettracled e goodly number of\.ultures. One oftlrc ranch s guchoc informed the slrtey te3m
thal lhe fish staned jumping out of lh€ *tter 3 days €artie. shen rhe seasond heat raiscd the temFraor€
ofthe pater ArmorEd catfrsh s€re gulping air ar thc surfac. dudng the daytime visit of the srney rearq
but by lhe timc th€ t€{m rctumed for tlrc nighttimc survey Oerc wa3 a trerr layd of amorEd aadsh on the
shorc erd fcw fsh brEakilg Ihe surLcc. Surprisiogly, drc c.irnan sermed to bc scavenging fcw, ifany, of
lh€ live or nes,ly dcad fish o! shorc.

27. EstaNcrAJosEpHtrrATAJAMAI3. On tbe nighr of 25 November 1993, dris 0.5 ha fresh*ater (0960
salinity) tajanarwEs ellvetd. This tajanar sits in dle trjdst ofa caitail floodDlaio. Ar rhe time oflhc
srwcy the catlails had b€en bumed do*n to lhet roor stock. Thc soit is a de€t F3t. Mesquire re€s gow
atop th€ ea(h mounds at cach end ofthe pool. The shore is b€r! nurl-likc ctay, poctnurfea ty rfre
hooves ofrhe many catrle tbat drink here. The spodight sur.r€y \rar conducted bt wa*iry around the
peaimeter shoae,

F 6 L E J U * P | u B I a J U @ , 2 J ' ] 5 ' 4 o - s 6 o " l 6 ' 2 7 " w

A total of 120 caiftrn lrerc sighled. During lhc dalrnne recofiDissance of0rc tajarnar, , toral of
4 .C?fat latuostri: '*erc sighrcd in the foltowinS sizc clars€s: 3 (t{) end I (?_S,y. Ouring the
nightrine wcy, dl€ adult C drirortN \rare not lighte4 but 3 (2_3') *!rc siglted. Vinual-ly ell fie
olher caiman sightd pcre Caindn Ware. Undoubtedly, a few other Cairnarlarirorris night have been
pttscnt but e€rc unidentifiable because they $€rc srbmcrgcd or because they facld away tom ttre
sto{ight so the slupe ofthc snout could not be detcrmined.

tzo 0.5

The sory€y team was informed lhat this tajar$al has b€€n in exisi€nce fo.25 ve.rs. and has
al$rays supported a larg. populario[ ofcainun. Considering rhc trumb€r of catrle thai&ink herc, Is
surprising that thc caiman population has survivcd in good numbers. The dehydnted skeletal r€nains of
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II'to &lt Cainl yacarc, onc aslimatd to bc 2.5 m h letrgtb, wq! foold und.r thc mcsquiic trccs on
sboIe,

2t. EsraNcra26 DEAca6'To, RrcP[.oMAyo l. Otr lhc dgh] of25 Noi€r*e.1993, two fteshwater (0*.
lalhity) pools, with . conbind alta ofapFoxhEcly 2 ha, behind (ups1&.s d) an .anh dam Dcar thc
ratrh hcadquai!.srras su,sr€d Thc 2-4 m Ngh bsnts arr b6!E clay. Thc nah pool, n ar6l lhc
rd'rNcie, has Ullc vegdarir€ cowc hdsgvcr, thc sidc pool cootains a numbct ofaqualrc pla s. The Rio
Pilcomayo itr this 5tEa br.el6 up into a scrics ofpools duriry lhe dry s€asotr, Thc reprcaa vras corutrucl€d
to pr@idc a year-to|md *arcr sou!€e for lhe l-.rrch. At lhc tirnc ofthc erflly, *ott vrs uttlctsay to raisc
th. b.igbt dlh. rcprcsa. Th. ToUiglt eirvey was conductcd ftoI|! thc 5ho.r.

tatiud€ lrngitudc
Rio Pilcornayo I 23043'31" S 60"14'19'w

ha $rvev€d Cairnadha

Al! al ofa6 Cainan yacarc were si8hte4 3I in thc'Eycs Otrly'catcgory. llo Cainai lanrcstis
ves d€,tectc4 ttough lhc s?ccics occllrs itr the arca. B€cause ofdre proximity to ihe rarchiouse and lh€
lack ofvegetative cow., this is not prime caiman habitai

wate*av Csin$ sishted
Rio Pilcomayo I 432.OE6

Totals

Th€ rarch s|atrreponed tlral pira a s€re abundant in the p@ls', otl€T-8' Caimat yacare wn
on shon durirg thc da'time r€.onnaissaff€ had e ftEsh wound with e lrrge poniotr ofiis tail tip missing
ard s€emed rcluclant to cnrcr fte EeLr after all llrc other caimais had fld fton lhe s'lrlvey tearn.

29. EsTANcra 26 DE Acosro, Rio Ar.oMAyo 2. Ol} lhe dght of25 Nor€mb€. 1993, lhis I kn lod& l0-
25 m widg 0.1-2 m deep, pool of the Rio Pilcln yo *€s surveyed. It is a drying freshwater (oft. salinity)
pool in a separate river cha$rel isolatcd from the resl oflhe Rio Pilcomayo quile som€ di$anc€ from tlrc
rarch hsdqurners. The pool clntains a larye population ofmoUusks and fish (rcpoftcd by Orc
ratrchhands to be piranha). The bottom l-2 m ofthe banks are barE mrddy clay while the tops ofthe
b€.trk arc cover€d witr lftoatry trces and shnrbs. The surrounding a.rea is ssaso& y f,ooded sai"nDa,
B€cause major Frts of th. pool rrc.c to sballow for a boat, the spotligba $rvey *"s €uducted by $alking
tlong rhe shore, except itr two places where r€getation bloc*ed vicws ofthc pool. A transc€lby boat
through one ofthe d€ep tools provid€d data on sizc class distsibution.

0.5120

lritude L.ngitudc
Rio Pilcomayo 2 23.43'29" S 60"1855" W

CaiInan/kln

Atot,J Cf,868 Cainot )ncarc lr€re sighted in llle followite iE (,'tego'i.s:2.2./o (2-3t ,l.l./o
(34), rv/o (4-5r.22.20/. (5-4\,42.2V6 (6-Tr, aad 22.2Vo O-a"| l,to Caino| latircstis lr"s d.tect€d,
lhough the slecies occlns in the arta Th. proponion oflarge adults in thc popolation *as unduly l6rgE,
probably retlecting a dry serson concentration drswn ftom the suraouMing arca,

Watenrq/ Cainun sighted km s|rrv.ryed
Rio Pilcomayo 2 86E1.0868

Totals t .086E
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ALTO PARAGUAY AREA

LAoT,NAGENEnaLDI^2. For tbc $rv€y ofthis lagoon, thc l: I,m),mo scatc Inap shcct of paragray
is&|d und€r 'Dirc.ciotr rtcl Scrvicio G€ogrEfco lvfilitar, 5th Editioq 1988,. $,a6 used h coEbi;tio! wilh
r I :2,500 scalc d|ap of llgum cral. Dlaa apparcdly Flparcd a5 p.n of a boundary srlr.!<y ofthrs
FlF q by tbe oFrator ofth. 2,000 hcctar€ Estarria Cnl. Dlaz Mr. ya$shi Kobuchi.

m. I-^GUN^ C6{En {LDtAz. Or the oigtt of l0 Novcobcr 1993, *! surrc}€d lhc l,agoon ald 2.2 Lm of
Arroyo Syry, thc stftam tbat |lo into the \'tst .nd ofrhc lagood. Duritrg thc 1992 srvcr, th€ lrle lr"as
80 cm ab@c normal ,nd ttc Dcdrldcr ofdrc ftIy oooded Iegoon *1r5 l3.0lm in leoSrh. By coDfasq
during lhis y.a/s $rv!y lh€ latc wes lm-150 cm lo$€r atd lhe sho.€ cxposcd as a eO to tOO - *Ue,
berE, satrdy-cl,ay bcach. The lagoon pcrimctcr cleady rras shortene4 but *€s thcrc was no easy rray ro
&tcrmine tha difcrclcc, so 13.0 lm ly.s also uscd as 0rc Fincte. lcnglh in the 1993 $rvey
calarlrtioDs. Itr 1992, the entitE sysi€n lr"s ftcshsder (ofr. selinity); ho*?r€r, this yra/s lack of ram nas
lowscd thc *"tcrl6€l and dcca.ased thc inlbw Aom Aroyo Syry to drc poiat lhat Ure strcan and tle
wslem end of the l.goon rdnain ftEsh (0 sditriIy), but has afbw€d lhc saliniry to jocrcasc (296
lalbity) in thc niddlc ard canem ctrd ofthe lagoon.

Amyo Syy upslr€3m $aning point
hgura Getreral DIsz nan ad end po,nt

21"09'05's
22"07',28' S

58.36?9" W
57"55'35' W

Atol,i of3,294 Cdirnan yacdre s€rc sighted ih Arroyo Syry snd Irguna Gral. Diaz in tbe
fouowing size classcs: l% 'Iiarchlings', 21.9r./. (2-3), U.eU. p-.t1, tt.Vt (l_S\,28% (S_4,\, tt.S./. (6_
7'), and 4.2Vr O-a'r. Most (689/0) ofthe caiman s€rc in t[e arro]o. That population n€s so dense that
9!y l lolal oqTt s/as poesible, couplcd wilh a tra.nsect through rhe population to gather data on siz€ class
disldbution. Two separate s?odi8h counts *€rc trk€q one ion a iiaclor on shoic anrt one ftom a mat
noving down fic middlc ofihe slrcall| (s€€ discrssion in Melhods seclion abovc). The,csulr! ofthe boat
sut!€y arE pres€ntcd her€. The size class trans€.l $"s firade oo cairnan encounrcrcd randon v while
moving up the $rsm prior to suwcying back do$,nsr€arn

Waterqay Cairrar siehtcd lon $x.\,fjd Caiman^n
Aroyo Syry 2,238

1,035
2.2

13.0
l ,0l?.1

16.7
Tolals 3,294 t5.2

- The low *ater Arroyo Stry/ltgutra Ccnerel Dlaz cainan populatiotr, with its nany 2 m or
longer te..itorial trulcE is suficicndy large that ia coulrt withrandi nuruged harvcst and still prouoe a
wildlife spectacle rEny eco-.tourisls *!uld b€ intc.tst€d in viewing. The sarn€ ist ue ofthe targe
xatrdowl a[d 6sh populatiotrs found therc.

NoRTIGRN Rio PARAcuAy AND fuo NDGRo AREA- For the srrrvcy! in lhis afta, the l:1,000,000 scare rnap
sbcct ofPar"aguay issud undcr 'Dircccion d€t Sewicio G€ografco Militar, jth Edition 198t, i|as use.L
Bahia Ncgra is tlc largest to*Il in nonhc{srem Atlo pEraguay. It was built on trad€ in caiman strns tiom
lhe rEgion and Aom th€ Braziliar patrianal and adjac.nt Bolivia. As rec.ndy as 6.g 'r€rs agq busines
was brisk and thc local $srehoules strc filled *ith skins. Today, as rternatic cvidence ofrie
efrectiveness ofthe covcrnment ofPrraguay,s efrorts to curtait iltegal wildtifc tradc, Bahia Negra ls a
alying to*n. The sarchouses arc cmpty and lh€ir owErs hr}l movcd to A$!ci6n. f.ocat people are
trying to derclop a fishing indu$y but are orrendy thwaned by a lack ofmarkcts. Howercr._Bshia
Negra coold b€come thc center ofa ttuiving ecotourism industry (s€e j2. Rio N%ro and Rio paraguay
North ofBahia Negra below).
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3I. R'OPAITACUAY ANDRIACHO ESPERANZA FROM Tfl8 MOtmI OFRIACITO NUEVATO BAI|IANECNTA" ON
lh€ Dight of I I Novcobcr 1993, 2? km of lh€ PEraSusy Rir€r alrd otr€ of ils altlrDate challrlcls soulh of
Bahia NaSrarBs suvcyrd- Both Oa tivctand lhc cbam.l all Alshwatct (0*.salinity). TIrc nitht ofth.
sl|Ivcy, a slrong aest wiod carded thid( snoh across thc rivcr trom buming ratr8.s otr Bntziliatr eltdc
renc.h€s oo thr oppocita bant ofthc rivcr. Thc smo&e nad. spodight survsying ditEcldt Nlong thc
soutbcm-most 20% oflhc $w€y routc. Thc srnq bcgatr tom an aluminutr stitrin Oc Riecho
Eteranra cbrfiEl rnd ran nonh to thc Indiatr vi agr al Puerto Et€rarza whcrc tbc sriqoas movcd
abcrd r 50' cccl-huucd.iwr &cight b@t ad codinu€d north to Bahia Nc8!e- C"in"n. eetE spodightcd
or both shorcs whilc thc i€igbi boat Davigatcd up drc mildle of lhc rirs.

ktitudc Irngittde
Riacho E'perrnza sianing poin! at the mouah ofthc

chrnnal lcading to Riacho Nu6a
Pu€no Es?€nnza vilagc
Brhia Ncgra cad point at thc dockiry arEa in

froot oflhe public sqoarc

20"30'03" s
20023'43' S

20"13'38" S

5t.01'23'w
J800326" W

5E.09'59" W

Atotal of 3u Cairran wcan \rq€ si8hr€d in rhe following siz. clrsscs: I Q--3\,2 (34'\,5 (4-
5), 3 (fu), and 376 'Ey€s Only'. This must be corBidercd s minimun cotlnl bccause ofthe $noke that
obscu€d much of lhe rir€r. Even so, fis is o surpdsingly large nurbb€r of cain n considefing {rc hea}T
boat traiftc that moves up and do\[! lhe Rio Par"aguay er€ryday. Much oflhe rivcr brnt is b€r€ clay, but
there are numercus e ranc.s to oxbow lakes, sma.ll str€ams and.nballrl.nts withlqetttion lhst would
Drovide covcr for cainan.

Waterwry Cain n sighted km sfvrrrd Caimadkm
Riacho Es?€ranza channal 16l+
Rio Panguay ftom Punla Esleran?a

toBahiaNeg!'a 226+

5.0

22.O l0+
Tolals 38?+ 21.O

32. Rto NEcRo aND Rto PARAGUAY NoRTs oFBAlrrA NEGR.A" On the nightofl2 Novcmber 1993,31.9
km oflhe Rio Nego and Rio Par-aguay *erc suFeyed norlh ofBahia Negra. TIrc Rlo Negm is a rltajor
ft€shrEter (096 salinity) tdbut ry of lhe Rio Par-aguay that forms lhc bordcr bet$€en tro.theastcrn
Pamguay a.nd exulme southeastem Bolivia" As isplied by its name, in contrast to dle silty, bofr<olored
Rio Paraglay, the Rio Nego is a muddy, black water system. The surroutrding arlr is s€asonaly flooded
salanna, much ofwhich has bcrn cnconpassed h catde ranches, h $pports oe of$a largest watcrfo*l
populations rhe suriEy lsm had c!€r s€.4 flocks ofthousan& ofwoodstorlG, jabiru sod(s, MaSuari
slorks, whitefaced lceduckt black+cllicd tr€.duckq nuscor1 ducks, cosqoroba slrans, rosEate spoonbills,
comronnts, plumb€ous ibis, butr-nackd ibis, southcatr scaeamers, linpkitrs, rails, scricrus, jacairs, black
skimm€Is, and numerous egr€ts and herons aboond in thc sballow cmbryncsts ofthe Rto Nego, The
riiEr also supports tbriving mollusk and 6sh populationg iacluding onc ofthe hrSca ,nd nost agg€ssir€
piranhi pQulr,rions in all ofPanguay. The river bar*r are cove.€d by a nanorv slrip of Clery lor€n in
plsces and gmves of Copelricta palmr in otherr, ln n ny places a trAfiow ftin8r of footcd yatcr hyacinth
(Eichhomia q., endc,malone grass lircd the gateds .dgc. Clcarty this is good cairMr babitat. Th€
suri€y from a shallow{|ai aluninum skiffbega! upslr€3m in the Rjo Ncgro and ran do$nrivcr for 12
km lo whcre a deepcr dr3n, 50r sleel-hulled .iver ftcight boat *as tied up laiting thc rcturn ofrhe suwey
team. Thc te3m then nov€d aboard fie fteight boat and contiru€d do*D the middlc olthc rivcr
sFodighting both banks all tlrc *ay to Behia Negra-
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Iltitudc r,oncitude
RIo Negm updrEaft staniry lDitrt
Rio Nrgto cotriucE Bitb itr RIo Pb.aguay
Bahh Ncgra cnd poi.! at tbc doclinS area itr

totrt oflhc public squarr

19.55,29' S
20.09,41, s

20.1338'S

58"1t'49" W
JE"l0'12" w

5t.09,59. W

At talof2,100 Ctina" yacaE rerc sighted in Ihe folo*i[g siz€ .lssses: 192 (2-3), lOE (j-4,),
97 (4-5\,n |J-6) 16 (6-n,.nd 1,597 'Ey€s Otrly'. Thc upper glttches ofthe Rio Negro contained
cobslmcds tbat s!rc 16 shdlow to b3 enterrd hy thc snrrey skitr, cvcD by politrg. Th. arca v.as hcavity
huntd whcn Bahia Ncgt"a tras thc buying ceoter fo. skins i egaly smuggl.d out ofBolivia and Bnzil.
Hou€rrr, ortailment ofthc hutrtitrg hzs allored the population to rcrov€r. A rMjority (g2yo) olthe
catulal|l siShtd lrl|r on thc Rjo Nego. Thc Rlo Pa.raSuay b€t\r€en lhc mouth oflhc Rio Ncgro and
Bahia Negra is heavily u-avclcd hry boats atrd fsherme[ which undoubtedly accounts for the relativE
peucity ofcainans along ihar €tch ofrii€r.

CairDao siahtcd km survE€d Cairnar/kn

Rio Paraguay ftom coDfucnce with
thc Rio Nego to Bahia

Rlo N.go 1,124 25.O 68.9

Totals 2,100 31.9

ORIENTAL AREA

RloArA For rftc suracy ofrhis river, thc Pucdo Valle-MI HOJA SF-21-10 nap ia the l:250,000 tvlapa
Nacional scrics *"s us€d. The Rlo Apr flors into thc Rio Frraguayjust oonh ofl\eno Valle Mi and
forms the border betw€an no(heastem Pemguay and Brrzil. The codinuing dry sssotr had lowered the
waGrlevel sigrificardy. Many shoal arEas preventcd closc appnach to the shore by ille surrcy boat. The
bonl(s ar€ allernately cut-away, hig[ .ocky frces and gently rising sady or grassy slop€s. callery foresr
tops lhe banks.

33. Rio ArA-

fruring ftc night of9 Novemb€r 1993, l'c resurveyed the samc j5 km ofthjs fiesh*sier (0
salinity) river ttut \*€re $rve,€d by M€ssel and King in 1992. Untike 1992, *hen the Rio Apa hadjust
raumed to eithin iis banks followinS a wet y€ar, in 1993 rhe Rto Apa *?s shaltow and travel was
inpded by mary safiSars. Mor€ ofthe sandbar that fomed the upsfeam sun point *"s exposed which
6lighdy charycd th€ $rrr point betwe€n the 1992 .nd 1993 $rveys.

I4i$de lrnritude
RIo Ap6 upstream staning point
Rio Apa do*Tstream end point

22.06'13'S
22.07',28' S

51.40'24" Ut
5?.55,35" W

Atddl d 55O Cdinan yacare wcrc siShtd in thc following size class€s: 12 .llatchlings,, 19 (2_
3"),32 (34\, 45 (4-5\, 52 (5-6), l5 (6-D, 2 (?l), and 353 .Eyes Only'. This is a significant incrcas€
over thc 158 cainEn sighted in th€ 1992 $rvey. The diffcrencc probabty is, at lsst in par! tlrc result of
the anin ls beiog concentr.red by the low€r \ ?ter. Paleonchus palpebrosus is rccorded fiom lhe upper
Rio Ap8, ,trd sp€ciai attenrion was psid so that s?ecies woutd not be misideoti'icd_ Ne\,€rlheless, no
Pal.osltch6 and ̂ o Caintd dttrorr,i *€re der€cted.

550 5J.0
J50

r85

55.0



Tbe Rio Apa is heavily traveled W bolh Paraguayao atrd Braziliatr boals. The cainan ncrc morc
frE$rcnt itr thc upper portion ofthc .ivc. ad &opp€d draDaticaly h the last 5 tn bcfor€ rtachilrg Pucrto
Vale Mi. That alooc itdicatcs thc im!6cl ofrivcr lrafrc on thc caimm populatiotr.

LAooYpAcAr-{. For lhc sr q ofthis lrrgc tratut'l latc rnd tb. Rio S4ledo that flo*s out ofil map
AarEi6n HOJA SG-216 i! thc l:250,000 Ar*.icas scrics wes uscd The Rio Sdsdo foss through a.tr
cxteosiir nalsh Urat bodcrs tbr nonhem cnd ofthe laLe ardjoins lhc RIo Paraguay ncar thc town of
Piqu€tc Cud. Tba narsh appaa's to be tr€ar idcal caiman habital Thc rilEr is bordered ty f,oating
camelotc 8rars ntts ardtct o/rr4 alrd bchitrd tbat the.c arc thi.& nands ofa psptrur-like C/p€lrs.

14. LAGoYpAcAx,4r ANDRIo SAr"{Do. On dlc night of 14 Novcmber 1993, 16.5 km ofthis river and
Itk€shorc wEs survcycd. Lgo Ypa.arai is a large Scshyatcr (0 lalinity) bfe, ad d€s?ite its namq the
Rio Salado also is A€sh (096 salidty). Thc ccntrrl casrcrn ahorc oflhe lake is heavily seqled by residcntj
of Satr B€rnadim with th€ cooscqucnc. lhAt ,ll cairn r hebit t in rhat al€a has b€.n rcplaccd ty boat
doc.ks fid s€awslls. llo*lver, lh. nonhcm cnd ofthe latc" rnd mrch ofthe *€st€m side ofthe lake
renains undcvelopcd,

lditude Longitud€
Rio Salado dowD$Eam staning point at

the San Bcmardino to Luque bridge
kgo Ypacani shorc at thc moulh ofthe Rio Salado
Ilgo Ypacarai €d fDi at the public bcach

25"t2'24. S
25.14,53'S
25.18'54" S

57.22',27" Ut
51.t9',31'W
57617'46'W

A toul of 2 caiman *rrc SShta( toth 'Eyes Only'. Both wcrc in tlle tr| rsh immediately
downstream (no(h o0 the Sa! Be.nardino-Luque bridge. It is belieird tbat bolh were Cabtan lbcue,
ttfittghCainan la,ircstris is knorrn from the arEa Waterskiers, plca$Ic boaters, and fishermen use the
Iak€ heavily.

Caiman sishted km suveved Cannanjkn
Rio Sa.lado
Iago Ypacarai

0.3
0.0

2
0

6.5
10.0

Totals

Irrscr.tssIoN. As sho*n in Figure I, the 34 suwey sites gcnerally co!€. the known nnges ofdistlibution
6 Cainan Jacan afi Cainan lanrc$ris inPatr8lu y. The only najo. exccption is the Rio pat'an
drainage in €a$ern Pamguay, which i! occrrpied primarily W Cainan latbostris (w Scott, Aquino, and
Filzgcrald l9gt0). Easlem Paraguay has not been ao imponad soulc€ ofcaiman hid€s in rccetrt,,ca's, end
Cainat laaitustrk ld{ulaions remain too depleted !o slrppon any hunting, much lcsE a progrEm of
slstahablc utilizatio4 so this arta *"3 excluded Lom rc prcscdt routrd ofsuveys. It should b€ includcd
in futlac suweys in oder to docurnent sny rEcor,try.

It is difrqdt to deternitre wbat FacantaS€ ofihe total $?tcnrals in panguay r}"s sampled in
lhese suwcy6. I\tatry ofthe rivcrs, streams, and shallow lagootrs tru*ed on rnaps ofprragua/s chaco and
pa.otanal flow during the rainy season (Crctob€r to Mrrch) but brcak up iDto a sedcs ofpools or dry out
completely durinS the dry s€ason (Apdl lo September). Should rhe €stinatc ofthe area srvel€d be bas€d
on the hi8ft $atcr systems or on the low *?ter remnan8, not all ofwhicb ar€ irdidIed on maDs? In
additioq lhe e"\pansioo of cattlc rarchiry a|rd the mncunenr consrftction ofpermancnt *atei sources for
the catdc is increasing the dry season ftEsh\*"ter habitat avsilable to caiman in sornc are€s and clecrcasmg
habiiat in o(her aftai through salinization ofwaterwats. How is dut !o b€ trrc.asur€d? Certainly less thrn
loelo oftbe dry seson *"ter*€ys were su rye4 so the surv€y ofadditional locations and rcpetitiw
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sufttfing oftbe p.clcnt sit€s is dlsirablc to improie the accuiary ofd|c rc$lts. Ofpaniqtlar idcrEs as
eddiaional slrwy sit6 atE Esgncia Ccnito Jera in m.lteanem Alto paraguay on dlc borde, *itb Bolivia,
Riacho Yed h c€stem Chrao, attd a scries ofthc oxbow bk s ard lagoons sca(crEd atong thc wcstem
balk ofthe Dirldlc Rlo Paragury.

We do mt bave alficieol dNta io quartjtativcly cr€llafc tbe Frcisioo ofou sun€y,crults.
Clcady lhe minimrm number ofcai|nars prescnt ca.n be m lcss thrtr thc numtlcr sightcd. Tlrrcfore,
urcoarEclcd sunrt data ftprEsent cotr3cwar € cstirratcs ofrhe population. Whcn th. localions arE
$vr!€d usrn8 dardaad tachniquas, th6c $Ilw,€ prwidc rcledve date that ar€ adaquate to doqrment
popuLlion trcnds and allow comparisons {,ith othcr attas wherc similer t€chtrioucs *Erc us€d. Mcssel er
ar. 1981, prEscats Sa[dard sumy techniqucs as wcll as fomulae thar c.tr be uscd !o 6€luate the
prlcision ofspodight surwt! wh€a thc ssn€ u]a&ma)r ar! $wcted repe{itivcly. Thodjanarson (1991)
uscd lhc Mcss€l €r d/ suwey t€chdquc to r€Ftiti!€ly sllvcy Cainan cncoditut crocodirrA it| $?rcrll?ys
itr tb€ llanoc ofvelearcla ard demonstrat€d a bigh sieltin8 Factioq tne.n - 80old Lon€r numbcG rcre
cocoubt€rrd w,hcn thc admals slr€ disperscd during the $/Et seaso& high Eater, ard *h.n thei, prEs€nce
$rs dscurEd by aqualic vcgctation. Ideal Nighting conditions occurrEd when dry seaso\ tow watcr,
conditio.s co$cntEred the cainars in *Btcr*"ys rhat lacked wgerative cover Cfholtjafiurson l99l).

No *rr€n*ats in Paraguay havc b€en rep€titirrly suri€yed doz€trs oftimcs much less bundEds of
liD€s, A nurbcr of sites have becn surveld previously, but arE not ircluded herE because of th€
utrccrlail|ty oflrhc|c the survey stened aod *here it sloppcd. Thirtcen w€llietineatcd sit€s have b€€n
sunry€d 2 or 3 timcs, i.e., this sulry ard a prcvious sunry ofthe popdation at the exact same site_the
Rio Ap4 lagunas Coronel ly{artincz and Ccrcral Diaa and lagooE atrd rcgr€sas on estancias Juan de
Zalaz.r ard Ia colondrina Cfabb t). The variation be$€en individuat $wcys ofeach ofth€se 13
wal€rqays is larg€, exccpt in the casc oftajanars punra pore and Sta Luisa 4 *hich had verv low
population deosities. Onc caus€ ofthis variation is lhc difrercnce io waterle,!€l (i.e., wet vcrsus .lry
s€asotr) at the time oflh€ individual sulveys. More surve)s ale ne€ded beforc cl€a, trcnd! ofpopdation
n bility, incr€as€, oa dccrcase will becon€ svident and sitrce lhe $an and end ofthe $€t al|d dry sssons
hart i?ried Ircady in rcccat yc€.Is, s!rcys rlso necd to be conduclcd during thc dry s€ason as detErmined
by *atcr lcvcls ard not solely by thc catendar.

. _ Despitc dle lack ofdara on population lEnds from nFtitii€ su e'r, the curcnt sw!€ys ct€arly
sbo* that h Pa.raguay, while Cainan lstitostis uti paleoe.rchw palpebrostts tenzin scarcc, Iarg.
Wpn)ldio'is ol Cainan ydcarc catr be found in suitable habitat. The sruvcys oflagurus Cnel. Mantinez,
Z€lazrr Tuyd, and Gnl. Diaz documented son€ of the rlensesr caiman populationi ever rccorded ( see
surlcy r6dts abor€ ard Tablc 2)_ Howevcr tnany ofthe populations survcyed lack signficant numbe|s
oflargc caina,|s in excess of5 ff. (1.5 m.) tenSth (Figurr 2), rhich prcbably is evidena that the
population is slill rcco!€.in8 fron pasl hunring.

Evrn with volum€s of data on population numbers. edabtishing a sLstainable uritizarion prcgru
is a,| cxFrimcnt to dre ercnt that monitorinS is rEquit€d to dgtcrmjne lftc impact the harvcst has oo the
population. For example, a cooscnltir€ quote that €asily can be ioleraled during oormal )eals can
bccotrrc cxcessive ifa mnral cataslrophc occurs, c,g., atr abnoarDal r€t s€ason floods most n sts o. u
lengtty drought drics habira6. By monitoring the impact the hancst is havin& population trEnds catr tre
doqmented in time to nodiry thc prograrn and co(ec1 any problem that aris€s. The recommendatrons
nt follow are coEervatii€ bot dcpend on flonitoring and furure adjustment___<frccrivc witdlife

numgcm€nr prog'"Ins rcquirc nonilo.ing ard Friodic adjustnent.

As a re$ll ofth€ goverDrnenls efon lo slamp out iltegal trad€, coupled wilh a *orldwide
economic rcccssion that has dranatically rEduccd the rnarker lor all caiman hidcs, traffic in rhc skins ol
Cainott yacarc c].l'Ie tt is virtually non-€yjstent in paraguay. Th€ *"rchouses in Asunci6n and Batua
Nega that onc€ were filled with stins illeCly obtained ftom Brazil and Bolivia are empty, end tlrc
tanners are hiry tuning luprndrrrrr, not cairnn skins, Disclrssions with business.en indicates ttrat ttr."
understand fte nec€ssity of supplanring iUeC trade with a rigorously regulaled sustainaHe harvesl ana a
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oumb€r hai€ alcnoEu-atcd that wiliryneas by $pportiog thc sunq Plogram and by cDtrsau€riidy
discussing *iys itr which lhe wildlifc oficials catr imp.ow the proSlrm.

Ofcritical itnponarc. to thc ultiDerc $ccess ofthc Plogtam for lurtairablc utili?rtiotr of
Calrnat Warc isrldialrr oa thc pan of the p€oplc ittafclt d ia panicipatiry i. tha progr&n- No
wildlifc coor.watron nanagEmcdt pmSran catr bc instandy imples€ntcd Thc ptogram has to b€
fuitialc4 it bas to be nonitorcd durin8 inplcneniatiotri ard in re+onsa to pnblclDs dnt arE discoverEd
thc pmgrao nrud be edjud.d itr latcr scasoos. This is thr couse that mus be folo\|€d by Paraguay's
wildlifc oficiats itr ioplerDr ing r c{inrn harvest pmgram. The details ofthe proSrem munb. agrEed
by lhc epFopriate o6cials, thc public du3t bc infoflne4 stafr DUst bc trainc4 rquipltrd$ end supplics
putchas€4 compania6 musl be lic€rua4 and huntcrs mu$ be conlaatad and taught dE ncw rcgulations.
Oncc this is riotrc, the progrem nun bc implcmcnl€4 atrd during implenenration tlrc ptogranr must bc
cvaluatcd so that is can be rwisd ad ilDpro!€d bcforc thc ncxt yca/s program crmmerces. I.,sdy,
noticG must be sctrt to CmS ad oiher inlernational bodies to ioform thcltr about P.raguay's p.ogram.
Succ.sdd programs ofwil iG cons€rirtion through sistaiaablc utilization ar€ dFamic Pllcess€s that
'cquirl tEquenr adjugm.nt and modification. Thi. tak€s timc aod rcquird pademe, but lh. rcrwrd is a
program thal can continue to produca ecommic and clrtural bco€dts far into lhc fitture.

RxcoMniENDATIoNs ioRl'FE MaNAc&n'llNr ot Crt 4,v y,{c{.R,. Wild cainans can be cooscrvcd
lhrcugh $srairable utiliatiotr ilno more olth€ aniruls are being harvrsled $rn will bc r€placed by the
normal .eglduclive rate ofthe wild populatioos before lhe next harir$. By locllsing th€ hrrvcst on large
adult nates rnd minnninng th. killing ofihe snaller l€IIDles end mx.l€s, e program of sustainable
utilization hrs bccn csrablishcd for drc harrtst of Carrrrn cmco,lilus i^Vcrcarcla- A similar progran for
th€ $sainable utitization of adld Cainan ya.arc i^Paragray would contain the following firnctionar
elen€ s:

. c program ofarnud slrve)s to monitor the siah$ ofthe wild populatioos-to
determinc whether the populations are stable, incrEgsing, or decre€sin&

. hunting should be rcstrictcd to thc dry s€a$n-15 March to 30 Seplen$er,

. hunting initialy should b€ rE$ricled to Alto Paiaguay-hunting shoold be expandcd to
olher regroos in fiIuac yearE

. lhe quota for the fi.sr )'ear (1994) hunting se$on shouldbc 5,0OO Cainan yacare-
initially quolas for lhe number of Coinan yaca.e lh,t n ay hc killed e.ch year should
b€ egablisbed for each .egior! ard late. possibly for individual cslarciai,

. to protect most fenalG snd snuller males, a minimum size limit of 180 cm total
lengrh shotild be €Sablished for the harvesl of Cair an tocare--lhis sizg cairm
ields a bely hide of t80 cm tolal length or a llank of 90 cm.

. all Cainat yacare bidfs hamsted during drc hunting s€rson should b€ tagged with
goventntent issucd locking, non.reusable tags----untaggd skins should b€ considercd
pi n a lac i e eeidc',a€ 6 ilLg llty,

. no fatcr lhan 30 Octder, all Cai,not yacare ski!6 shor'.rld bc b.ought to centralizrd
govcmmcnl *€J!hous6 wheE lh€y carl bc lrlidatc4

. only tarners thal rre authorized by lhe go!€mmcnt should bc ,llo*€d to pufthase, taA
afr ejxp't Cainan yacarc skins-ih€ licens€d t mers shorld sho* Oeir actirt
$ppon for ft€ prcglrm by rcftsing to purcha!€ undersized skins or skil|s smuggtd
irto Paraguay &on ncighboiitrg couniries,

. caimatr populrtions scattercd tkolghout Paraguay should bc conscrvcd in netiooal
parks and prote.t€d rre€s---panicularly l^orlhy of national pa* or bioghere resen€
pmtection are lhe populatio$ in the Rio Negro in extremc northeastcm Paraguay and
in Laguna G€trcral Diaz, and

. the goienunent ofParaguay should implement rnd vigorcusly enforc€ the provisions
ofthe program.
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Ar rnnuel $ruv/monitoain{ pro{e-am. To ensurc tbat the barvesl 6 Cainat yacare is ldr.rly s|tj/lainable
and docs oot dcpl.r! tlc wild poglations by deqEaiing ft€ir nornal rcproduclive rate, thc statE oftbe
wild popolations I!u$ b. Donitorrd (rcpeatdly cE[suscd) h a nantre. dut will rcve3l whcthc. or not they
l|! rcnainiry sfablc, arc iDcrrasiry oa ar€ dadrasing, A progl3m ofsfstcmatig relEatablc, aDNal
$rveys win yidd g|ch dafa otr both huntcd aDd Dotr-hunted populatiotrs. Survq! €d nodtoring
prograns $ar cadot be racatcd by indcpendcnt rEsearche.s arE not sciedifc. To bc rep€atable, cach
6!rv(y must ioclde thc folowitrg dinimal data: l) a descriptiotr ofthe $rvcy nrthod; 2) lhc cxacr $an
poid ard cxa.t ctrd poitrts, bolh p..ferably rEco.d.d as latiMc and longihd€ degrc6, minut6, ard
secotr(tt 3) thc dilteftc ad loutg of er!a, $rr€!€d bctlr€n the nan and.trd poitrts; {) tbc date snd time
dtbc srftry; 5) the s.aso4 stt o. dty, ifappropria&; 6) tlc Nmb€r of crudilislls sighr€d; lhc *arcr
lcvcl or tidc lcl,ct 7) *atcr tcrnFratuc end an lcnFraturc; E) witrd $rEngth; and 9) salidty of lhc rater
(Crbcodilc Spcciatist Group 1993). WhcrE possible, it.jso is d€sirable to rccord itr stada.d utits of
[l €surc (fcet or hrlf-m€tec) thc sizedaesG oftbc crocodilians sighted; a.od tbe location alonS ihe slrvey
rouG ofqch crocodilian siShtd.

Thc r€strictcd huntinq seasoo. Whcn th€y are guardiDg their nesls, fenale socodiliarB are eq€cially
irtrcmble !o huntcrs. Itr pop atiotrs that arc hunicd duriry nestitrg seasoq fcnales usualy do not guard
lheir n6ls: tcmal€s t[at do mt ab€ndotr lheir nc$s are kiud. Wh€ther the fdnales arr killed or simDlv
ab€ndo! thcir nests, uguatded n€sts sufrer incnaed lo€ses to €gg predators, That rcduces thc
t)op|rlatioo's rcprcducli\,€ ratc. lnPer2gn6y, CdinM yacaft nesls during drc &ob€r-April wet s€asoq
so to mioirdze drc drcat to leslihg females, tbe hunting s€asoo should extcod ftom 15 Mrrch through 30
S€ptember

The r.sldclcd huntins area Tlcle is insu6cicnt tirn9 fo.lhe gor€mment ofparaguay ro promulgate all
lhc tlecessery regdatio$, to train the oecessary slaff, ar|d to implement r country-*ide program for the
sustaiiable hanGt of CatM /acare if the 1994 hunring season is to slart otr 15 March. The.eforc, 1994
i5 f€cognized as an experimental s.ason ard huoting of Cainan yacarc willtE alowed in Alto paraguay
only. During and following thc ssson the govcrnmeot authorities will evaluale rhe program and make
whalcilr adjusUnents arE n€ed€d to conect prcblenrs and to expand the progaam to other regions in
comrnS yE:[s.

The huntine/export ouota Suiaimbility is a goal, a dir€ctio4 not a fixed end point (L€e 1993), ard as a
coosequ€nc€ nranagement for srsraimble utilizarion mu$ be adaptive, oot dercrminislic (SalB€ss€r 1993).
Tbe scientific data truy suggcst an optimum level ofsusainable oxploitatioq but applying that le\,s as a
quota nill rcquires trial and error (Ludwig, Hilbom and Waltcrs 1993). For lhis re.asoq inirial
rDaDagcment m|r$ be consewetive. Monitodng lhen rcveals how lhc popi ation responds to the
m:bagement prcgraln. This allows rhe trlaiagenent to be adjuned as need.d. The result! of rhe c1rrenr
slmcy slgg€lhat it nay be possible lo $slairably hancst tens of tho$ands of CriD an yacare anNAlly.
Hou'ercr, to b€ conseryatilr, s 6rs1 ycar hunting aod cxpon quoca of 5,000 Ca,u d )ra.ar? skins should
b€ slablishcd for 1994. This is in te€ping wirh the ncofitmetrdation! ofMessel and King (1992) and will
allow lhc Paraguay wili ifc authoriri€s to conect 3ny problems th2t arise during rhe cxFrimenrat first
year offie program. The quota should b€ expqndcd during lhe second season !o 10.000 as the hunt |s
e,\tend.d to othtr regions and as the armual population surtqs rmnitor the im!,act of huting on the wild
populations. feverythiog go€s lltll, by th. third season the quota could be raiscd to an rnnual harvest of
15.000 or 20.000 caitrEn.

Ih. minimum siz! lirnit MaJi Caim@ yacarc nantrc at about 156 cn total leng l ot 90 cm snour-venr
len$h (Cra*shaw 1987) ard r€ach a maximum total lengt ofapproximately 30O cm or snour-vent length
of 174 cm (I4dem 1983). Fefille Caindn yacan awin sexual natudty at l3O cm lotd length or ?6 cm
snout-veot leng0 (Crawsl|alr l9E7). ard rsch a maximui! total lcng l ofabout 200 cm or lbs cm snour-
vent lenglh Oased on Museo Nacional de Histo.ia Natural de paraguay slecimcrls). Hon€ve., mosl
females scldon exceed lEo cm tolal lengrh_ Thereforg ifrhe killiog of cainan y\cafe *,alter tl\an 180
co total length or 93 cm soout-vent length in Pamguay rrcrc prohibite4 dris *outd allow the hrn€st of
large males while protecting most fenates ar|d snraller brceding males.
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A Cainan la.dta lhaL mr25ot6 I t0 cn toEl lcDSlh will ]acld a 180 cm bclly hid. (measutEd
from ttc tip ofthc chitr to thc tip ofthc tail) or a 90 cll flant ski|| (ricasur.d Aottr the tip ofthr chin to
the trroal podcrior dd dthc.&in bchind thc anal vet ).

No liceE€d hi& hDrr should Durclss. &ins smaller lhan lhc 180 cm minimum si", timit fot
bcly *ins or 90 cn nidmum sizc for llart sld$. Howrrcr, es lherc *rrE no limils on thc size of
caioatr lilld in PEr.FAy in drc Fs{ it is propd€d that &[ing lhc 6r3t Jcais hutrt (1994) allo*€nccs be
nada forup to l0'9lo oflhc skiDs bcitrg lrtba by nilate &om sligMy sd|allcr caimatr. ExFrirnced
hunt rs bav€ tro di6c1rl3 ir cninEting the sizc.'fthc caima.a beforc ki[in8 thcm and tb. beqcrierccd
huot€rs rdll bpidly Lartr' so lhe midmum Bize limit should bc stric{y coforccd rfter the firs year.

Tassins thc hidcs. R€.ognizing dnt illcC u'arlc in poached or snuggled crocodilia! skitrs sill not be
controlled until it is possible to djninguish b€tir€en legal strd illegal skitr& lhr Panies to CnES possed a
rrsolutioa calling for all crocodilia[ skitrs in ideroational commerce to bc tagg.d wilh locki.& notr.
ra$ablg uniquely numb€re4 chemically ioert tags. Such tags should be supplied to the hide bulers by
rhc Paraguay wildlife audrcrities and should be attached to .ll Caiman lacare sb'6 as soon as lh€ animals
a.e skitrtred. The lotal number oftags is$ed oust equal dle hunt ard e"\pon quota. To comply with the
CrIES resolutiotr, lhe tags must stay otr th€ skins through the taming procars. Any untagSd skins in the
gossession of hunters, ei.Ilcia os,ners buyers, lrnn€rs or other individuals shodd be considered prtn a
/acre evidence of illegality. Brol(en lags slrculd be re5ttached with locking plastic cabl€ ties.

validation of lh€ Nd€6. In od€r to ieriry the legality ofthe harv€s, aI the tagged Cainan yacare skJts
should bc broughl to rcgiotul valialation ccaters. Dudng thc cxFrilllcdrl 1994 han6t in Alto ParaSuay,
validation ce[t€Is slrculd bc €stablished in Bahia Negra and Fuerte Olimpo. 4.tr],time dudtrg drc hunting
seasor! or for 30 days follo*ing rc hurting scason (i.c.. until 30 Octobcr), taggcd Cainan ycare *ins
lnay be brought to lhe ceotcrs for r"lidation. Wildlife officials at the ce €rs will v.riry Uut tlle skins
were harvesrcd by the individurl lo whom the iags s€re issued or by his or her ag€nts, trlat the skins arc
proFrly tagge4 ar. equal to ar€ longer than thc minimum sizc [mil, and originat d in thc authoriz€d
hunting rcgiod. Once i€lidate4 shipment ofrhe skirs to a t nnery in A$rnci6n or another pa( of
Paraguay $ill be permittcd

Tandne and c\pon. The expon ofraw salt€d cahun skins should be prchibitd. Only companies ot
individuals licens€d by the wildlife aulhodties olParaguay should be lermitted to b y, tan, or cxpon
Cain@ ysc@e srit\s. Funher, ordy rhos€ c.mpani€s or individuals who a.tively support the iBlainablc
utilization progrEm through their rcfi$al lo trafiic in skins t ken pdor to o. following the authoriz!4 15
March-3o Scptcmbcr, hunting st,so4 or skitrs smaller than the midmom size linit, or skins that
originate outsidc drc aulhorizd rcgion (including skitrs that are smugged inlo Paraguay ftom
neighboring counties) shoold be allo*ed io panicipsre in the program. All expons must comply with all
CITES rcquircmcnts.

Protecline caitrEn pooulations in national psrks and prot€ded are3s. Tbc biological diw.sity of
Paragrray's cainDns slrculd bc conserved by prcte6ling cai[urr populatio$ in a nctwort of nation l psrk,
biospheaE reseavcs, wildlifc sanctusri€,r, or other protected ar€as scattercd thmughdrt tftc rang! of
distribution ofthe cainan s?ecies in Paraguay.

Padcrlarly $orthy ofprctection-not otriy for i|5 caitun populatiotr" but also for fi€ speclaclrlat
waGrfowl populations ard rssociated capJ&ra and yellow anaconda populatioD!-is rhe habirat borderine
both sides ofth€ Rio Negm nrnning bct*ten extreme non$e3nem Paraguay and cxreme southeanem
Bolivia. We urgc rc govemment oflhraguay to !€gin negotiations wirh thc govcrnments ofBolivia and
Bnzil to bave lhis arca, and an adjoining ponion ofthe Brazilian pantanal, dcclard ajoint bi-national or
tri-national park- A second population paniclrlarly worthy ofprctectiotr are th€ caina$ ia lrgutra
G€neral Diaz ad Arroyo S)ry. Laguna GraI. Diaz also supports a largc cormoren! hero4 and egtet
rookery duritrg thc *€t scalon. Botft ofthes€ arss, fuo Negro and Laguna cral. Diaz, could bc major
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etlrEctioos for ecoouri!tr! ard ccofouism cauld paovidc ed iDportant sourEc oflcC incomc !o rcplace
the rwenuc, Behia Ncgr. ard Alto p$'aguay losl when OE iXeC tfadc iD s|ltuggl; Bnzitia! cainatr
r&irs pE3 shut down.

+ds_&+UaryI:ld cr&;!d Tlr. govcmmed of paragusy should implcmcd and vigorousty cnforce
tte p|ovisiotrs of thc caioao bawcs pmgrem. this will fo;;[ ary i.ntdnatioMl chi;thrr il€gal
shipncnts ofcaitr|rn sldtr3 origiEted irl or $/Err tr$rthippcd tbrcugh, paraguay.
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ARGENTINA

Figure L lvlep ofParaguay showing loqrion ofthe trumbcrrd suvsy ait6 rcported in th. 'R!stlts'-l-3

arc est 
"cia 

faU Sa"to s,wcy sit€s; 4-11 at Esrtnci. fuatr & zAMt sitdi l2-U .tr E$'ncia 13

Golondrina $rv!y sit { t8 it thc Rio Crnilso $rvcy sitq 19-22 arr Elarrcie Loea Por6 ait s; 23 i5 thc
Pozo Clloredo-ConccFi6d highway tai&ur suwcy sitlq 24-27 at€ Elrrncire JoscphiDA $rvq sitls; 28-
29 arc Esta&ia 26 dc Agotto sllttt sitet; 30 is thc kgura Gcd.ttl Diaz srnq siq 3l is th. Rio
Panguay ard Riac.ho Esp.rarza $wcy sitc; 32 is ib. Rio Ncgto a[d fuo ParagDay erwq silc; 33 is the
Rlo Apa survqf 3it : and 34 ir thc Iago Ypacarai suwtt 3i@.
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FrcuR€ 2. tzE DsTRBUTtoN oF CA/ r rv y c4aElN pAFacuAy &a5Eo oN THE 1993 SuRvEy DATA FoR
NON..EYEs ONLY' CAIMAN.
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TABrr l. Cor,oArusoN oF tlt! RxsuLTs oF OnRENT AND PREuous SURVEY! AT SEltcrlD Srrts,

A'ta suvay Dat€h and Cain n CaimatrSurvey
Site

LaguaTapacu6 l.t ko

Laguna Romualdo Cue 2.6 km

l,aSiina Zalaz2r Tuy, 0.5 km

kgurla Crcl. Manircz I lm

l,aglna Benit z Cua 3tm

Laguu }|FE l.t km

28 Oct 1993 cuflent Suriq
f4 Apr 1992 Aquino ard Scotl
12 Nov l99l Aquiao and Scott

30 Oct 1993 Curent Surv€t
15 Nov 1992 Aquim and Scott

30 Ocl 193 Culren! Slwey
t5 Nov l99l Aquino atld Sco{

3 I & 1993 Current Sufift
15 Nov l99l Aquino and Scotl

3l Oct l99l Currcnt Surcy
14 Nov l99l Aquino and Scott

I Nov 1993 Currcnl Suvey
16 Nov l99l Aquino aod Scott

3 I tu 1993 Cun€nt Sofley
16 Nov l99l Aquino and Scltt

I Nov 1993 Cunent SuNty
15 Nov l99l Aquino and Scott

4 Nov 1993 Cunent Surry
l0 Apr 1992 Aquino and Scott

4 Nov 1993 Cunent Surv€y
l0 Apr 1992 Aquino and Scott

4 Nov 1993 Cur€nt Suvey
l0 Apr 1992 Aquino ard Scott

l0 Nov 1993 Current Survey
16 Ocr 1992 Messel and King
16-20 & 1987 Aquim

9 Nov 1993 Curent Survey
l5 Oct 1992 M€ssel and King

447hfi Low
2lkm l{igb
48Am High

2l.olkn Low
31.3/km Higb

2l.l/kft Low
32.1tkm Hig!

l8.3ikm law
53.9hn High

l1.1hm l,ow
7.1krtr High

6904m Low
l76^m High

o/la l,ow
25lh^ High

203^m lrw
ll/km Hie!

ll\a HiCh"
0,48 High'

l?h^ HiCh"
r,44 High"

oAa High"
o/ha Highc

216.7k,n lrw
6.78/km Hieh

l91.5lL'l I,l,

10.0/krn lar
2.87,xm HiCh

487

4t

63
94

38
59

n

46
20

345
E8

0
l6

203
l l

I
0

ReFesa Galp6n 0.64 ha

Repr6a Vicente 1.0 kn

Tajafiar Punta Por, 1.0 ha
and Eanh Tar*

Tajarbar Sta. Luisa 2 1.0 ha
ad E€nh Tank

Tajarnar Sta. Luisa 4 1.0 ha
ard E3nh Tank

l,agutra Gral. Diaz l5.2km
and Arroyo Syry

t2
I

Rio Apa

0
0

3,294
103

3,ffi2

550
l5E

. rlc sufacc area of some bodies of ntter can change dramaticaly betw€€n wet and dry scisonq while
others clBnge linle. The ar€a list€d h€re, and us€d in cilculatihg dcnsity, was the ar€a at thc time of
th€ l99l survey. However, as noted in lhe disclBsion above, Rcprcla Galp6n *as ncsrly dry at the time
of the 1993 survey, so it! arca at the timc of thc l99l surry is shown.

6 Nornully, Octobcr uough March is lhe $€t (higft rater) season atrd Ap.il lhlough S€ptenbe. is the dry
(los, nater) seasor.

c Waterlevels in sonre tajarn$s are naintained artifcia.lly end fluciuate little.
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fAarr 2, AEUNDANCE oF VaEoL's CnocoDlulN Sprclls,

Spaci€s Crbdilia.os/tm R.gion Sourcc

Caimat cm.odi|us.................................0.r? - l?.1.......Bn2i1........... ...Bta,,litis ct at tbgO'
6.6 - 9.O2 Peri

t.5l PeDi
Corztns ad Scijas 1989
Ycrdi et al 1980

0.7
19.8
o.29
2.52
l .6 l

- 19.0 SurinaDe Gorajs a.nd Seijas l9S9
- 86.5 Surirume Oubotcr and Nanho€ l9g9
- 15.12 Verezuela Seias 1988
- 23-4 Vcnearela corztjla atrd S.ijas f989
- 155.?l Venczu€la corzula end Woolford 1990

5.5 V€oezuela Espinoza 1992
- 29.8.......Arge in ........Waller and Micucci l99j
- 70.0.......Bo|ivia._..........KingatrdVidez 1989

Cain@ ya.arc & Caina, latirostrit .....O.4
Cainat lacare........ -..............................0.01

0_0

3.0 - 5.6 Bolivia
0.15 - t.4 Bolivia

- 169.14 Brazil

Ergu€la a.nd Pacheao 19910
Pacheco 1993
Schaller and Cra*shaw l9E2

Goraia and Wooford 1990
Verdi.lal 1980

- 1,017.3 Peraguay Curr€nt 1993 su €],s
- 3.89.....Veft.Zuela.......Seias 1988

Thorbjerrurson 1988

Crocodylus aatut..................................0.0

Crocodylus porosus............ .. .-...... ._....0.1
M.|adosuchts riger...............................7.5

- 4.0....... Ausiralia......_..Messel aJd Vorlicek 1986
- ll.ll.....Bolivia............Vaca 1992

0.2J - ls.t Bolivia pacheco l99l
0.0 - 2.0 Brazil Br2zzitis et at I99O
0.0 - 14.72 Edador Hin€s and Rice 1993

2.O2 Ef,l.tador Jalrcda 1990
7.4 Grrya&
0.2E Peni

Paleoslchuspalpebtos|s.......................................0.1j.....Bo1ivia............pachcco1993
0.29 Cul"Ila
0.23 Peni

Gorada and Wooford 1990
Verdi ,r ,/ 1980

Adaptd ftom P.checo I 993 .

195



LIIBNATT'T' CITED.

Aquioq AL. 1988. Oologco.tic lood shifrs end thcir telation to motphological ctary€s i[ thc
('{rrdtlie Cain@ Warc. M.S. Thcsis, Uoiv. Ncw M.xico, Albuquc.qu., U.S.A 79 P.

Azaq F. D.. 1801. Apuntaniedos F.a la Hirtoria Natur.l de !06 Quadfipcdos del Paraguay y Rio de
lrs Plata Iltadrid vol. tr, 32t p.

Beyliss, P. 1987. SuwCt nethods and nonitoring *ithin qocodilc nal|aggnq{ programmes. pp. 157.
t?5. /r: Wcl$, G.lW., S.C. M'rlolis, atrd P.J. Whitctcad (cds.), Wildlifc Managcmcnt Crocodilcs
ard Aligaro$. SuryBcatty & Soas, Chipping Nortoq Auslralie. xiv+552P.

Braz itis, P., C. Yasashil4 and G. P..belo. 1990. A sultnury reporl of the CnES central Soud.
America ceinrn rrudy. Phase I: Bnzil. pp. l0o-f15. t. Croc.dil6. P.occeditrSs ofthc 9th
Woitiog Me.ting oftlrc ruCN/SSC C.ocodile Specialist Group. Vol. L ISBN 2-831740084

crfirshaw; P.G., ,r 19E7. Ncstiag ccolog oflhe Pst'aSueyrn cairnan (cairl@tracdte) in th. Pantarai
ofn ato Grolso, Brasil. Utrpublished lvls. Th€sis, Univ. Florida, Gdnewile, Florid4 USA. ix + 69
p

Crccodile Sp€cislLt Group. 1993. GuideliNs on monitoring crocodilian poptlatiotrs. IUCN/SSC
Crocodile Specialisl Croup, Fir$ Asia! Region l Mecting Datwi& Austmlia, 12-19 Mrrch. 3 p.

Daudi4 F.lvl 1802. Histoir€ Natuielle, GddrEle et Partic1iliare dc Rcptil€s; ouvraS€ faisant sril i
lfisroirc naorell g€ndrale et panicr iere, conpos& par kclcrc de Butroq et redige€ par C.S.
Sonnini, membrc de plusieurs soci€tes savant€s. F. Du$rt, Paris. 2: 1432.

Dobrizhotrer, M.S.J. 1783-84. HistoriaAbiponensium. vienna.
Erquet , P. rnd L.F. Pachcco. 1990. Los Cocodilios de Bolivix. Ecologta elt Bolivia 15:69-81.
Aspino?  E. 1992. Siilaci6n aclual de las poblacrones r€nezolanas de baba (Coinan oocodifus)enla

Res€na de Fauna Silirstrc Cianagas dc Juan li'lantlel & Aguas Blaicar y Aguas Negras, Eslado de
zdia MARNR (Caracas, Ve&zuela) and CITES. 54 p.

Fuchs, K. l9?1. Die S0damerik nischen R€prilhrute. Das kder. Dannsadt. 22(9):197-213.
Fuchs, K. 1974. DirKmkodilhaut; Ein *ichtiger MerkmallrilgEr b€i d€s Identifizicrung von Krokodil-

Anen. Btuard Roethe. Ve.iag, Dafl$tadt. 183p.
Gonule, S., and A.E. Seijas. 1989. The connnon caimar pp..4fiI. lr. Crocodiles: Their ecolos/,

rn:uvrgcmctr! and consenation. A Stecial hblicsrion oflhc IUCN/SSC Oocodile Sp.ciati$ Group.
ruCN-The World Conservation Unio& Glan4 Switzerland. Publ. NS.

Gorzuh, S., and J. Woo|ford. l99o- Crlcodilian resources in Guyana- Patt l. A prelimitary ese*sment
of disrriburion, status, and manaSem€nt potcdtial. Draft repon to CITES. 90 p.

Grahaq A. 1987. Melhods of veying and monitoring crocodil€s. pp. ?4-101. /r. J.M. I{utto[ J.N.8.
Mphandq A.D. Grahaq and H.H. Rolh (eds.). Proc€€din8s ofdE SADCC Workshop on
Ma.nagemed atld Utilisatiotr ofcrocodiles in the SADCC Regiod ofAftica. Karib4 Zilnbab$€,2{
Junc 198?. Southem Aftican Da€lopment Coordin tion Conf€rEnc€.

Hin€s, T., ,nd K.C. Rice. 1993. A rEpolt on an idti.l suivcy cfio( to aisess thc s€tus ofbla.k cainur!
Melanosuchus niger, in tha Amazonim rcgion ofEclador pp. l6E-175. 1r: Crocodilcs. Proceedings
ofthe I hh working Meeting ofdE ruCN/SSC Crocodil. Spccirlist Group. Vol. L ISBN 2{317-
0132-5.

Jahoda, J.C. f99O. Obseri"ations oo a population ofblact caialan (Melarosrrcrr.s riAsr) in A.nuzonian
Ecuador Vida SilvcstreNcotropical 2(2):?9{1.

Kin& F.W., ,nd RL. Bu*e. 1989. Crocodilia.Di 'tuatara, and Turile Sp€cies ofthc World. Alsoc. Syn.
Colections, Washitrgto& D.C. xxii+216 p.

Kitrg, F.W., M. Espinal, atrd C.A. Cerrato. 1990. Distribution and slatus ofthr crccodilians ofHonduras.
pp. 313-354. .lr. Crccodiles: Prcc€€dings oflhe l0th Working M€eting ofthe Crocodib Spcci.list
G.oup, ruCN-Thc World Cons€rvation Udior! Glan4 Switzcdrnd Vol. l. ISBN 2{327{022-1.

Kin& F.W., and J.P. Ross. 1993. Suwet ofthe Slatus oflhe Crocodrlians ofNicangua A rlpon to the
Inrtitulo Nicar'dgucnrc de Recrrsos Natur.al.s y del AmbienG and the Seqet riat oflhe CITES.

Kin& F.W., and D. Vidcz Roca. l9E9- The cairuns ofBolivia: A prcliminary rcpor on a CTIES and
CenAo de Desanollo Forestal sponsorcd sutict ofspecies distdbution atrd stnu!. IE|. !2&155.

196



1, clocoditf. Pmcccdings ofthc Elh WorkinS Meetiog olthc IUCN/SSC Crccodilc Speciatist
Gmup. ruCN hbl. N.S., Ctand Switzerland

IGi.& II. 192t. Biologische Ri66tudier h Sudan€rita. Vtr. Cainai scterops (*hna!*b'fLvigcr
BrillcnL.imn). Zitschr. Ivloryh. (>k. Tici!. t0(l):162-173.

Lcc, K.N. 1993. Grc.4 scatc ei&rarch, aod lcarning_ Ecol. ApplicarioDs 3(4):j6G.564.
Ludwig D., R Hilborq and C. w'lters. 1993. U@naioty, iEsourcc exploitatio& and cotrledation:

Irsroos fon hido.y. Ecol. Apptications 3(4):j4?-549.
Mabrt64 S. snd c. Chavcs. 1992. TsrDrno, eshrctura y distribuci6n dc una Dobl '(-,jdn& Crccodvtus

acrirw (Crccodylia: Cmcodylida€) cn Coda Rica Revista Biologia Trcpicat t!o(I):131.134.
Mcden, F. 1960. Not6 oo th€ ParaSury c.i!traA CainaL yacue D;udid.. 

-ttditl. 
Z"oi Uus. e..ria

36(l\:129-142.
Meddn, F. 1983. Los Crrcodylia dc Sur Am€.ica" Vol. tr. Ir|3t Ciencias Nat, Mu3. Hin. NaL Utrrv.

Nac. Colombi4 Bogod" 270 p.
Mcnens, R 1943. Dic rtz.nten Krokodile de Nat-Museums S€trct(cnb€tg. Scickenb.rgiana- 26(4):2J2-

3t2.
M€ss€I, H., end F.W. Kitrg. 1992. CoDscwation ard $qrinable u& ofcainrr, lacdre tnpa';rgn|y. A

Rcport to thc Go!€flmcnt ofparaguay. 19 p.
Mes9el, H., G.C. Vorlicek A.c. W€lls, and W.l creen. 1981. Sr,,RlTys oFTDAL RrvEi SysTtMs D.,r rHE

NoRTltEpNTERtrtoRyoFAusmAr,tAA DTuEtRCRocoDlLEpoput-ATroNs. Monoraoh l, The
Blytb-.Crdell Rivcrs Synen Study and Ue Sraus of Cmcodytls potufls i^-ti Warcr*ays of
Northem AustElia Mcthods fo. Affl'sis, and Dpamics ofa popularion 6 C. pofts1ts.
Pcrgamoo Pr6s, Sldney. 463 p.

MiIler, L., and W. Hcllmicb. 1936. WisscNhailiche Ergclnissc de Deubcheo cran Chac!-Expedition.
Amphibiea und Replilien. I, Ticl: Amphibi4 Cheloni4 lrricata. Verlag von Strcker uno
Schrddcr, Stuttgan. pp. 107-115.

Oubotcr, P.E., and L.M.R Nanhoe. 1989. Notes on the dyn mics ofa 'rl')rlatio of Cainan eocoditus
cro.odir8 in norlhcm Surnume and its implicationj for management. Biol. Conserv. 48:243_
264.

Pac!?, !.n 1993. Abondance, distributio  ard habilat usc ofcrocoditirns io B€ni, Bolivia.
Unpublishcd lvt S. rhcsrs, Univcrsiiy of Ftorida. carn€svilte, Fbnda U. S.A. viii + 142 o.

lrlrr9*.aq 1993. Sustailabiliry needs more r.n b€nef science. E ol. Appticado$ 3(4):58?_5E9.
Schaller c.B., rnd P.c. Crawshaw, Jr. 1982. Fishing behavior ofparaguay; ainan liiimancmcodi lus). C.o.f,,iz l9a2Q\:66.72.
Schen*el E. 1902. Achter Nacbt ag zum Katalog de hcrFtotogisch€n Sanunlung dcs Basle, Museums

VcIhandlg. Natuforsch. ces. Basel. 13:142-199.
Schmidl K.P. 1928. Nores on South Amedcar caimans. Field Mw. Nat. Hist. Zool. Ser.7:205-23t.
Scotl N.J., Jr., A.L. Aquinq and L.A. Fitzgerald. 1990. Dist ibuno4 habitaE and conservation of tbe
- - - canmns (Alligatoridae) ofpai.guay. Vida SihBtre Neotropical 2(2):43-51.
Soott N.J., Jr, and J.W l,ovcu. l9?5. A collecliotr of .epiit€s afit amphibi; ftom thc Chaco of

Panguay. Univ. Conl|cctic1rt, Occes. papers Biol. Sci.2:257_t66.
S€ijas, Al. l9EE. Iiabitat use by thc Anerican crocodil€ and ft€ s?ectacl€d cainan co€xisling doog tDe

V_€nca,elan co€sal region. Unpublishcd fv[S. Th€sis, Unii€rsity ofFlorid4 cainesviic, Florida
USA. viii + l(X p.

Thorbjana$oL J.B. 19E8. TIc status and ecolo&/ ofthe Afierican cro.odilc in Haiti. Bull. F]onda
Slate Mus. Biol. Sci. 33:l{6.

Thoibjffrirsoq J.B. 1991. E oloSy .nd beb.vior of the spect ct€d c{iEln (Cainbn .roadillB, ia tlt.
lrhd Ved€zuel& Ll$os. Urpubtished ph.D. disserkrioa, UDive6ity of Flornr., Caiacsvitte,
Florid., USA. ix + 39O !'.

V..r,N. 1992. E!.logia y dislribuci6n de lo€ croc.ditidos ed t. Es!..i6! Biol6gica del B€ni. T€sis de
Lic€ocietun. Udversi.tid Aut6Dom cib,icl R€n6 Mo.€no, S&i. Cruz, Eoiivia. S8 p.

V€rdi, L., L. Moy!, .rd R. Pczo. 1980. Ob.€^acior€s prElinincr.s sobrc lc bio€cotosddd hrre
tl/aeD Cainal oodihts (LitrnaclA, l?58) {Attigaloridae) en la cucllca det rio Se-irta, LorEq
P.nl. Seminario sobrc lo3 proyeclos de invesligaci6n €cot6gica pdra cl nanejo dc hh$€do. OcNore

r91



1980, Iquito6, Peni. COTESU-ORDEI-OREIO, DiEcci6n Regional dr Aglifllt r'r y Alimcntacidn -

Dir.cci6tr Forcgrl Fennt 37 p.
waIrr. T.- and P.A. Mic1,cci. 1993. Rele€hicoto dc la dislribucio4 habiht y abuldancia dc los

crocodilio6 r!. la Plovincia dt Conicnt s, Argcntina. pP. l4l-385. ,It; Zooctia d. lcs Ctocodylia.
idrnorias & la I Rclmioo RcgioMl del CSG, Grupo dc Es?ccialiias ad Coco&ilo6 dc le I'CN:
ruCN-Tb. World Coos.ri"tioo Udoa GlaDA Switzcrlard ISBN2€317.O14?-3.

Wcrnutll tl 1953. Systcn til d.i Rczeateo Ktokodilc. Mi&il. Zool. Mlls. Bcrlio 29(2rt313-514.
Wcrmuth. Il, ad R ltcitcns. 1961. SchildLdtctr, I(rotodilc, Brilc.lct.cben. Gonav Fitcher Verlag,

Jc'€- 422 9.
Wclmuth,lt, dR lre.teos. 1977. Lisa dlr razentcn Amphibica otdR.ptilic!. Tcsbdincq

Crocodylia R.h'.trclrocephalia DasTien€iah. Bcrlin. 100:i-)qv4 l-l?4.
WiDkelrid-Bcrtoni, A. dc. 1913. Fau[a ParaSuaya. Cat loSos si5tffEticos d. los Vcrcbrado6 aI

Pu:aguay. Dcacrip. Fls., E otrom. Paraguay. Asu0ci6n. 59(l):l{6.
Woo4 J.M., alrd S. Humphtcy. 1983. Analysis ofFlo.ida alligator trans€ci data. Coop. Fish and Wildl.

Res. Unil, Tccb. Rcpo( No. 5, Gainesvillc, Florid4 USA. 49 p.

198



Interim Results of the IUCN Nepal Crocodile Survev

Preston McEachem

iai:ll.t"Od, 
Wetlands Conservation programme, p.o. Box 3923, Kathmandu,

ABSTRACT

Since September l99J IUCN Nepal has
survey of the mugger, c. palustris,and 

been conductinS a habitat assessment and

xrlHfl 
"i'HtlT#],Til*riih:ri.tr"xilT?",'.,1'"T.::;,."r**,i". r.i .,."i-';; ;;:'J::':.J:$1,""'l':il.T::i: :#;:;:,^',"'"r*

lii"::i*:l['i ]:r,ff *?::.i:T;'",*T,,Jff lj ;: ;l;:;*:_,"",,*:",sightings bring the numbet of adult c.,igr,ti.,g. -iti-tu"r pop;i"ii#il;i.::fiL:l#;X:.i:.?il:..:l[T"
available habitat in Nepal with up to seven sutveys at some sites.

1. INTRODUCTION

Nepal has two specres or the tamily Crocodytidae. to which all modern crocodilian,

:,,*:l1i[i'i:;l^?:'#if ,';,rat;'+:3;]l"f,:.".;:;ffi ;:l*i:::"'"
:x'.',x'f l."#iiil,:i:il"'if #1: ;f 1"11i:.;iti:;j#:if t,',:i-",:: "i;::":ilT#:i""il1,H:j;ffi ".fi ",,1::*lrmni""d; jN,*
Both species exist on the Indian subcontt,",.gr"'.",h," ii" "",, ; #;::::l::l?: liy.^,?r""iilTi:1,,",1f i:jl.#
1.1. charial (cavialb garrgeticus).

;|i'l:::ii::fi.1:,::li"#,"JL:ff':':Ts 'In Nepa'I rhe main rivers lvhere

ffi ::*ffi x",',il.Til[.;?#ifi'ff:".* lil'il;''li^iiil il'.""1i1]'"
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Cunently, they are disttibuted in isolated populations in the Karnali' -Babai' 
and.

tt".ayani ,yste-, alt of which ate in ot adiacent to protected reserves The-gharial i5

neariy extinct in ttre Mahakali and SaPta Koshi A survey conducted ill 1989 found

nlne lharlals in ttre Kamali and seven ilr the Babai, Siving ri5e to an estimated 20 to

40 gharials in that sYstern.

ln India their ranSe i5 restricted to the Ganges fuve! and its main tdbutariel'

Scattered populat;l5 exist in Pahstan on the Nara and Indus and may still exist in

Bangladesh on the Jamuna and Padda Pjvers'

1.2. Mu'gget (Crocodl 1Ir5 Pallr5tis).

The mu88er was also widely distlibuted in NePal Their habitat ranted throughout

the teral. tn the famali and Babai they co_existed with the tharial They occured

along the West and tast RaPti, into the Na6t?ni systeds, and in th€ Koshi River'

The mugger has now been reduced to isolated poPulations in Priftarily protected

habitatsi Royal Sukla Pha[ta wildlife Reserve, Bardia, and Royal Chitwan National

Paak contai; the only viable poPulatioals. A limited numbet have been reporte'l

ftom the Sapta Koshi area The Mahakali and Bahuti Rivers adiacelrt to Sukla

Phanta represent e!(cellent habitats and ate conti8uous with aleas in Uftar Pladesh

where an effective rehabilitatiolr pro$am is in underway Lalse oumbe$ have been

reporled by locals in this area. However, suweys by this project rev€aled few'

Habitat loss has been the leading cause fol declining crocodile Populations in

Nepal. This was acceleBted in the mid_1950s when an itltensive malaria eradication

pro$am opened the Terai for habitation. Forty percent (7 6 million) of Nepal's

popuiatioo live in the Tetai.

2. SURVEY METHODOLOGY

Important ateas for clocodile populations were previously defined based on

tte;ature and interviews with local peopl€ (An&ews & McEachem, 1994) The

surey is being conducted in co[junction with the IUCN Wetlands Reconnaissance

Surv€y so many sites have been assessed fol habitat suitability ilr additio[ to actual

coun$.

Shore counts entailed scanninS with bitlocula$ the entirc shoreline and water

surface of lakes and wetlands in one direction to limit recounts. Results wer€

checked by reversing the dilection and counting back to zeto. lD river syst€ms,

shore coudts were rnade along the visible banks of known lenSths of river chalrnels'

Some wetland habitats allowed for comPlete cilcumnavigation of the shoreline to

search for tracks and scat. Howevel, these were always disturbed sites whele Snzing
reduced re€d Srowth. we rece[tly acquired a taPe recording of C ?al[tttir hatchiing
chirrups which has Sreatly increased the effectiveness of shore counts

2m
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Many of the wetland sites in Nepal contain dense macroph''te populations that
render boat counts impossible. Boat counts vrere performed by traversi[g the site
from orle end to the other and entering all naviSable fioSers with a small non-
motorized inflatable. Use of a motor was precluded by the density of subme.Sed
macroPnFes.

Fot night count we use halogen spotlights with an effective lange of 75-100 deters

We report results in tems of the maximum individuals seen at a site, Results of
repeat visits are noted in this paper for comparison. We are attempting to model
our app.oach based on survey methods used elsewhere (Bayliss, 1987; Nichols,
1987) Where possible we have r€polted relative densities.

3. EASTERN NEPAL

Nepal's eastern Terai consists of seven distlicts east of the Kamala River. All seven
districts were surv€yed for crocodile populations and habitat. There are teveral
larte rivels, the lartest being the Sapta Koshi. The Sapta Koshi drains the eastem
and centlal Himalaya as far west a5 l"angtan& having a catchment area of
apptoximately 60,000 km2. This rivet is permanently flooded and the large
floodplain, formed as it enters the low laying Terai, is impounded by an irrigation
banage at the Indian border. Neady all the othe! rivels in this section become
completely dry or ar€ reduced to low volume tdcnes duling the dry season- All
permanent waterbodies in this section are heavily impacted by human use. Wild
populations of gharial and mugger are .estricled to the Koshi system.

3.1. The Sapta Koshi

Construction beSan orr an irdgation banage in 1958 and was completed in 1965
across the Sapta Koshi fuver at Bahardaha. Containment berms extend from the
barage to points 40 km no.theast with regulai spu$ extending inward towards the
river. A seepage canal lies outsid€ the eastetn berms and i5 permanently flooded.

The dver has a number of braided channels with the main channel mealdering
ftom the center to the eastern malgin of the impounded flood area. Water depths
aae Senerally shallow; during our boat surveys the main channel was usually less
than 0.5 m deep. The deepest sections, along the eastetn berhs, arc up to three
mete$ oeep_

A protected area, the Koshi Tappu Wildlife Reserve (KTWR), was established in
1975. The southem boundarv of the prctected area is seven kilometers upstream
from the barrage and the ptotected area extends 15 km further upstream. The
width of the flood area between the containment belms avelares 10 km wiihin the
protecteo area,

m\
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Sib am€ 0ate S|lwey
lype

llabrlal
type T6mp

Water
T€mp

Counv
suilability

R€rlE fs

Eidng ffida 02t12t94 HA PR Poor 400 m '.Jiddaor. on
bodi bants

lcn|Gr $da 02/12t94 HA 570 m wideJagr. on
bofi banks

Rahwa lGola 02t12t94 HA 300 m wide/agr. on
boh ban|c

&ka Khoh 02112t94 HA 300mwide!/ater
stEIow

&bn ftda 02t12t94 HA Poor

Saph (oshi,

K6ii Tappu and

obo s

04128t93
0u10-
13t94

D,B .S PR m-25
18

17 zMA(R)
2GA(R)

Rel. densw0.1/km

POL 20.1 20.3 2-3 m dep01

Chisan0 ffiola 02t12194HA 275 m wrde/no water

$nghrya Khoh 02t12/94
hA

PR Mar!inal
oistr6€d

150 m wide oood
b6n16

Table Su of fustem Habitat aIrd 5 lnformation

Sutuey Types: HA- habid assessment only, & boal munt, S= shor6 count, C: chidup Apa used, D= day count, N=
nr0m co!m,

Habibt Typq SR= s€asonal river, PR. p€pnnial dv€r, 01. o$ow lal€, PL: peman6nt lvdland or lak€, 3L= seasonai
wtthnd or lak6.

Counts: M= muqO6r, G= gharial, A= adult SAF sutsadult, J= jwant, H. hatchlino, R. ropoded.

Nesting habitats ilr the paotected alea aae of low quality. The berms and spurs
which form the principle bank5 durinS summer floodinS are constructed from wire
and stone Sabions. Grasslands and islands are reSulally flooded during monsooo. In
addition to a lack of oesting banls disturbance is high within the protected area.
Approximately 15,000 domestic caftle and buffalo range within the piotected area
(Bhandari & McEachem, 1993). Grass cutting is allowed for two we€ks in January.
The remaining Srasslands are th€n bumed. Despite time allocation rcstaictions,
glass halvesting cootinues year round.

From local accou[ts, mugger habitat used to extend throughout the lakes and
riveB of the entire ar€a with more ftequent sightings during summ€r months. At
p.esent siShtings are limited to the Koshi river system. Surveys wele conducted on
the Sapta Koshi on five occasions. Two oI these were boat cou[ts travelling down
the rnain channel ftom the oolthem border of the protected area to the pa.k
headquartets of the (TWR and ftom the headquaners to the southern border of the
prctecled area. Three counts w€re performed bl' drivirg along the eastern berms
from the northeln border to the barrage 25 km south. Using bino lars, ddving the
berms is more effective than rafting among the shallow b.aided channels (see ldrle
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During our five sulveys, no muSge! or Sharial was spott€d. Discussions with the
warden foa the KTWR indicate that there are only two adult C. d&..'triJ and one or
two adult G. Scrl8edcr.lJ in the area betlveen the barrage and the prot€cted alea's
northem boundary. This figure was conotroEted by army personnel who patrol the
protected area . A local fisherman estimated there were four adult muggels by
including two he had seeu upstcam at the TriiuSa confluence.

In 1983, and aSain in 1986, forty-tllo G. gangeticr.i sub-adults were released 6n the
KTWR. It is likely thes€ animals have either succumbed to mortality or have
migdted down river below the barrage to India.

Despite a dearth of habitat suitable for wild populations, the geneEl low altitude of
the area prcmotes reSular and long telm inundation resulting in larte numbets of
permanent fish tanks approximately 0.5 - 1 m deep and 0.5 - t ha in sudace area.
Ftom a commercial utilizatio[ stand point for C. lal itrii this area reould be viable.

4. CENTRAL NEPAL

Centaal Nepal consists of a sholt section of Telai from the Kamala River west to the
Narayani Pjver. Th€ a.rea of primary importance in this section is the Chitwan
distlict. It includes the Royal Chitwa!! Natiorlal Park (RCNP), which contains and is
bordeled by the East Rapti River to the north and the Narayani River to the west.
Both rive$ aae excellent habitat for mugger. The Narayani supports the largest
population of ghadal in the country. Some Bharial have been sighted in the smaller
East Rapti as well. The two dve6 have l€ft a series of oxbows within the park which
indicate historic muSger populations in the wetlands of Nepal prior to dalaria
eladicatioll and the settling oI the Tetai in the mid-1950s (see Tarle 2).

4.1. Royal Chitwan National Park

The Natayani River offers excellent habitat for both gharial and mugger. It is the
primary source for Sharial eggs collected each year by the D€partment of National
Park and Wildlife Conservation (DNPWC) fo. their Gharial Project in RCNP. Last
summ$ five tharials were released ftom the proiect into the Narayani River.
Further upstream the Krishna Galrdaki River also ha5 a small population of ghalial-
We have not yet had the opportunity to survey this river, but have tlavelled the
Narayani on one occasion (s€e ldrie a. Since 1981 DNPWC has released 180 G.
Sargeticls into the NaEyani Riv€r and its tributaries.

The East Rapti fuver is the primarv source fot mugger eggs collected each year b]'
DNPWC. Du ng the 1993 laving seaso! 12 nests were located of which l l came
from the East Rapti- Nine of these nests, or 26.1 eggs, were removed and incubated
by the DNPWC project. Of these 13!l hatched for a success rate of 51 percent.
Subsequent to hatching, 35 individuals were released into Tamor Tal (inside RCNPI
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but records were not suPPli€d. During our visit in October there were 59 surviving
mu88er hatchlin$ of the approximate 99 oriSinally kept at the Proiect .

Stafl faom TiSer Tops, a local reson, tnvel the lower sectiol of the East Rapti and
part of the Narayani oll a daily basis. They orga[ize tourist tliPs reSularly down
most of the East tbpti and the NaEyani. In February, we initiated a ioint effort to
intensively suavey the Nahyani and RaPti systems, and illstaucted thet Suid€s to
collect suavey infonnation usinS maPs arld data sheets for the collaborative effort.
Dudng thei! most recent trip in December 1993 (see 74rle 2), which covered th€
Iower East Rapti and the enti.e l€ngth of the Nanyani, inside RCNP, 28 gharial
were spotted. Sighti[8 locations weae roted in this 80 ktn staetch of rive!. This
coresponds to a relative density of O.35 tharials Per kilometer
of river surveyed. Unforturutely, this was prior to out involvement and although
maoy muggers wer€ observed mu88er sightinSs wele llot lecorded.

The wetlands and rive$ inside RCNP have been visited on numerous occasions (see
Table 2\ and ftor these, 23 adult, 5 sub-adult, alld 1 iuvenile C.lalr8tris werc
observed. we obselved 7 adult and 1 iuv€nile G. tdntcticls in our visits.

4.2. Beeshaiar Tal

In addition to th€ RCNP, a lalge forest reserve, the Tikauli, incorPontes a seasonally
inundated area with 4 permanent water bodies loined by an irriSatiott canal that
flows through the area. The largest of these is Beeshaiar Tal.

Beeshaiar Tal is IUCN Nepal's proposed location for a demonstratiolr site on
wetlands management. The proposal incorporates a C. pdl4shi breeding and
reariog facility, the lonS term Soal being sustainable utilization of this sPecies to

Promote its conservatiol.

We have visited Beeshaiar Tal on seven occasio (see larle 2) as it is a principle site
for our seasonal monitoring of water chemistry. On every occasion we have ooted
the mugger population and it is the only lake whele we oow recogtrize individuals
along

with sorne of thei! habits. We estimate a C. palusfis population of 6 adults and 3
sub-adults. We have rlot teen any evidence of smaller size classes.

we have found a large bulrow on this lake with an entrance and an exit hole,
actively used by one of the rnuggers. Both holes become submeiged during high
water periods. Hatchlings likely dispe$e vrd the irriSation canal to the other
wetlands within the forested area. Moftality to the numelous eSrets, Lesser
Adiutant Storks, and flushing into agricultural lands is likely high.

fr4
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4.3. East of Chitwan

East of Chitwan there are sev€n districts which contain a number of seasonal dvers

and w€tlands. All of these were a5ses5d as poor habitat for C. ?4IuJtiJ. Most of the

rivers become dry priot to monsoo[ and the wetlands seveRly degraded by human

use. One such example is Halkhoriya Tal located in the center of a Protected forest
area. During dry months it is the only watel in the area and village6 drive their

' cattle several miles through the forest to access it. No ctocodiles wele observed or

reported from the Kamala River west to chit$/an.

The Munusmara is an exception to the comPlete desiccation of small€r rivers in this

section. The Munusmara has a larg€ watenhed odgioating in the Telai. However,
thls river is hiShly disturbed along its length; otherwise it would sefle as an
excellent habitat with its deep slow flowing Pools and hiSh loarn bank.

5. WESTERN NEPAL

The westem Terai of Nepal is less densely PoPulated than the east and some of the
habitat i5 subsequently less disturbed. Politically, it is divided into the Westem,
Mid-western, and Far-westetu develoPme[t zones. The Westem and Mid-westert
zones, extending ftom the Na6yani River to the Kamali River, contain 11 Terai
districts of which nine have been surveyed. Thete are three hain dver syst€ms of
intetest in these sectionsi the West Rapti, the Kamali, alo[8 with its tlibutary the
Bheri, and the nearby Babai. The Far-westem development zone contains foul Terai
districts and is the most interesting in terms of Potential habitat. It contains the
Mahakali River, along with lrumerous smallet rivers draining fotested wate$heds.

5.1. The Ludbini Area and tbe west Rapti

The Lumbini area, iust west of the Nanyani Fiver, is knov/n fol its large numbet of
wetlands and high water table. This area, however, is densely populated and is the
most disturbed of the W€st€m zone. We visited 27 wetland and river sites in the
Westem zone with no si8! of crocodiles. Local people unanimously agreed that rlo
crccodiles inhabit this area.

The West Rapti River traverses the Mid-westem zone ftom east to west, turning
south and enteing lndia lear NepalSunj. It is a large, permanently flooded ver
with many smaller seasonal tributaaies. The rivet contains moderately Sood habitat
for both gharial and mugger, but atain is subjected to human plessures Both C.
palusiis and G, gdngetidrs have been reported from this tystem (T.M. Maskev pers.
cofirm.). We have oot had the opportunilv to survey this river, but anticipate the
best time to be in the post-monsoon season, A conseFation area mu5t be
established in order to ensure this as an aDDroDriate habitat for release.
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Table 2i Summarv of Central Habitat and nformatiorl

Sit! llam6 Date SuNey
rype

Habitat
type T€mp T€mp

Counv
suitability

R€ira*s

lomah Nadi 02t12194 HA PR 1 4 . 4 Pooa 640 m wide very low

It&rusmalotb 02t13t94 HA PR 22.2 ib4tr.i
disturbcd

Good benlc and
0epn

Bagmati River 02t13t94 HA 17.2 4m rn wdo low I

ChandiNadi 02t13194 HA

Hafihoriya Tal 03/28/94 D ,B ,S PL 33 28 ilo crocs
mryr]ll
di6lurbed

Prctection and €adh
dan d outllow
uEUld rnal€ it good

8al6Ea Nadi 02t17t94 HA SR 21.1 Poor

l,larayani Fiv€r 10/04/93
10/05/93

DS PR 1A,1JG
2AG+67
2AM+137

Good hab. low aea
excel.

East Rapti Riv€r 04t01t93
03t24t94

OS PR 2llr,l,1lG 1kn sadrdl

B66shaiar Tal 07/06/93
07/06/93
10/01/93
10/02/93
02t24t94
03t23t94
03t27 t94

0ss
NB
NB
D,S
0sBc
DSBC

DS

PL 32

27.5

19.4

31.5

3 4

34
28

28.8

19

28.2

2t ,r
i,

3A,3SAM
3'M
5A3SAM
6A ,t

21fi

Good habnat,
ruderalely
distirbed. Relative
demity.0.8zha

03/05/94 DSB 22.9 24.3 2SAMT Good hlbilai

0ha16rc Tal 03/05/94 OL 23.8 24.9 3l[,1 Good habiht

LarniTal 03/31/93
10/03/s3
03/05/94
03t24194

NS

N B / D B

0s
DSC

OL z
27

27.5
30.6

29

24

24.4

s{
6AW5At\,1
1A,|

Good halrtat. army
hils!o lcep local
cattle lrcm gnzrng
in n66tng aca, R€|,
dons..6/ha

Tamor Tal 03t29194 DSC tlt rcne obs6n/€d in 4
olh€r day visits wilh
boat

Nandan Tal 12t01192 D' PL 16.6 rvB 75? Hatchlings
rci€ased in 1992

ffi
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Ploximate to Royal Eardia National Park (RBNP), the habitat is more interesting and
less disturb€d. The mid-westem zone contails the Babai. Bbe.i, and Kadrali Fivers.

S.2. Th€ Babai River

We surveyed the Babai Riv€r, which tlaverses Royal gardia Pa!k, by raft on 22
Februarv 1994.

The rive! was genelally shallow, ranging from 0.1 to 0.5 m, but contained deep
pools at retular intervals. Adult Sharials and adult muggets wele not seeo in the
same locations. The mugSers appeared to be coucentrated in one section of the
dver. One pair was obselved. A iuvelile migger was s€en in the sam€ pool as 2 la.ge
adult ghadals. The relative density was 0.19 crocodile sigbti[gs pe! km of river.

The watden of Badia National Park surveyed the same section of the Babai in
November 1993, and counted 8 G.8an8ett.r.rs and2 C. lalus/'b.

ln 1990, DNPWC released 30 sub-adult c. gdnseticr.rJ ilrto the Babai River.

5.3. The Bheri Rivei

The Bhed River runs west, north of Badia National Park, a!!d subsequently joins
the Karnali fuver. Crocodiles have been sighted along the lower reaches of the dvet
at its Karnali conflue[ce. UpsEeam, neaa Btendranaga!, the river is small and
highly distuoed If crocodile populations exist in the uprtream locations, they are
likely a temporary result of post-hatching dispe$io[ arld move back downstream
during the dry season.

5.4. The (arnali River

The Kahali is Nepal's second largest river. It is a single channel from the Bheri
confluence south to the East-West Highway bridge, but below the bridge it diverges
into multiple channels. The upper section of this river, from the Bheri to the
bridge, is thought to have the richest clocodile population. lt is also habitat for the
Sanges dolphin. Crccodiler are t.rely seen along the lower channels. We suffeyed
the dver on two occasions, once flom the Bhed confluence down to the new bridge,
and frorn the bridge to the southem end of th€ protected alea along th€ €astern
chalnel.

DurinS our taip faom the Bheri to the bridge, no crocodiles o! their spoor were
observed, despite intensive searching along the bank. A new road to Jurnla is beilt
constructed along the qrestem bank, so the dearth of rightings mavbe attributed to
blastilrg which had been ongoing for seveaal days. Local people claimed they
reSularly sight 4-10 oocodiles a day basking on the eastem banks dudng the rvarm
morlthr ofJune to September. In addition to disturbances from blasting, several

8 1



l^t dn R.tuhs d th. IUCN-N.pol Ctsodib Stflt!

of Westem and Mid-westem Habitat and tio!1

Site l{am6 Date Surv€y
type

Habilat
typ6 Temp T6mp

Counv
s!ihbilily

Rainafu

AmblENaTal 11t23t93 HA PL Poor Hilh disturb.

Balolla ohal 11t2U93 HA PL Poor Ha0h disturb.

tbn& KIoh 11t2293 HA PN lra4'rrl Lalle, sow

llano Riwf 11t22t93 HA PR High dist!rb.

&indahawa Tal 11122t93 HA PL A 22.4 MaOiml Larue dislurb.

Gularya Tal 11t22t93 HA PL High oislurb.

Materk Tal 11t2U93 HA PL lenilEl Lal0e, disturb.

Padarts$/E Tal 11t22t93 HA PL i,ti!irEl Laq6, disturb.

Sagaia$q Tal 11t22t93 HA Pt- Small, disturb-

Telar River 11122t93 HA PR lerynd 0isturb.

Tinau Rivar 11r2U93 HA PR i,hr!id 0isturb.

G46dh Tal 11t23193 HA PL li/bJ!irEi L!r06, disturb.

Kaddah Tal 11t23t93 PL Poor High distulb.

Lalsalo Tal 03/23193 HA Pt- 27.9 22.5 Fair to16sted

Sildha{a Tal 11t23t93 PL 21.4 19 MaOhal Lal08, dislu.b.

Ajioara T.l 11124193 HA PL Poor Small, disturb.

Bahadur Ganja P. 11t24t93 HA PL Poor Smdl, disturb.

Ban &noa
Re6e oir

11t24t93 HA PL Fai Larue, prctected

BuddiTal 11t24t93 HA Pi-

Jagadishpw Res. 11/24193 HA PL 16.6 21.2 Fair Larce, prclected

Xamaiavla Tal 11t24t9X HA PL Poor Disturb.

umboosa€at 11124t93 PL ll,larcind La0e, loresl

Mansa,ob Tal 11t24194 HA PL 0isturb.
Nioliia\Ne Tal 11121193 Small di$urb.

Pudihavh ftl 11t24t93 HA PI Small, distlrb.

tllld-u.tt.ri

BheriRiver 09t24t93 HA PR Poor 0istuded

BabaiRiwr 02t22t93 18.3 2A,4JG
4A,1JM

Excel. habitat

Badk Tal 02t23t94 HA Meroiml LaBe, shallow
inlensrveV iished

I KamaliRiver 09/23193

02120t94

HA

D 8

PR
r2.818.3

Good
l\lcaE

Good habrlat

Informa

02t16t94 3AG.2AM
disruded

west Fapt Biv6r ogn4/q' iA

20E

Fair l\lon|tonng
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boats wele observed crossing the dver to the protected east€m bank, from th€
westem bank where cattle and human use ate extensive (s€e IaH? 3 ).

Tiger Tops, a local adventure rcsoft, which often takes tourists down the river,
rafted the Bhed to bridge route on 15 February and saw 2 mugger and 3 gharial.

6. FAR-WESTERN ZONE

The Kamali has been an eff€ctive barrier to development further west. The recently
completed b dge and the highway still under constluction wilt place additional
pressur€s on the Railali dis[ict west of the Kamali River. This district is not as
disturbed as the eastem areas, but croaodile reporis and sightittgs were low since
protected forest ateas are not monitor€d.

5.1. Ghodathodt Tal

Ghodaghodi TaI lies within a forest afta 32 km west of the Kamali, and has received
recent attention for both its religious and avian importance. The alea codtains
depressions fill€d valiably by !ain, seasonal inflows, and ground water or sheet
flows.

We visited Ghodaghodi and the suEounding lakes on flve occasions with no sign of
C. palustn:. Discussion with local fisherman indicates that a C. palusais popula-tron
once existed in the lakes, but none has beeal sean for the past 3 to 4 years. Some
intimated that crocodiles, as well as turtles, reele hunted when foudd.

Beint on government land the lakes are margmallv protected. Educating local
people to coexist with crocodiles would help rnake this axcell€nt mugger habitat.
Flood wate! channels extend froln the lakes along the road and through forested
areas to nearby dvers, making dispersion relatively easy.

6.2. West to Mahakali

West of Ghodaghodi Tal, sevelal permarent rivers exist which have variable flow
rates through the dry season. The perFranence of these rive6 can be attributecl to
the large amount of forest remaining in their watersheds. Most of these rivers have
intact forest cover along both banks up to thet headwaters. The larger dveis
constitute poor habitat as thefu floodplains ate wide and filled with large stod€s.
During low flow periods these rivets are wide and shallow, whereas smiller
brancher and tributaries t *C are mo.e chalnelized with habitable banks (see ldae
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InformationTable 4: of Kailali Distlict Gar-west) Habitat and

Sile Nama 0ate Surwy
tYPe

Habital
typs Tamp

Wat,r
Tsnp

CounU
slilability

R€narrs

BahsaM Tal 09/19/93 HA PL Good Prctecled

Chiraiyo Td 09/19/93 HA PL Fair 12 prot€cted

oha|. u Nadi 02t19t94 HA 22.8

Ghod4hodiTal09/18/93 DSB PL 3 4 32.8 Falr oislulbed

Kanara I'ladi 09t21t93 PB 3 1 . 4 Fah Good hab in
libula es

Keleniiladi 02t19t94 HA PR Fair

Kn|llia Nadi 09/21l93 HA PR 30.3 MaqirEl toosted but low

Nakoad lal 0s/19/93 HA PL 16.7 Good Prctecled

oXrhuna Tal 09/19/93 HA PL Fair oisturbed

Shi\/agan@ Nadi 02t19194 HA SR Poor

After Dhangadhi, population pressues beSin to inclease due to proximity and
access to lndia. Royal Suklaphanta wildlife Reserve (RSWR), a la.8e prctected arca
ir the southwest comer of Nepal, encompasses la!8e areas of both s€asonal and
pennanent wetladds and !ive$. Of 12 wetland and river sites surveyed mugger was
evidenced in one. Local people reported mu88et poPulations in three others.

6.3. Rant Tal

w€ sudey€d Rani Tal on two occasio;s and performed both day and night counts.
We observed one adult mu88er durinS a night c6unt in the post-monsoon season.
The lake is in the final stages of succession to glassland, so although theie is a large
water surface aaea, the maximum depth in mid February was 0.5 nieters. No
crocodiles wele observed at this time, despite utilizinS a tape recordinS of

5.4. Other Lakes in Suklaphanta

Construction began on a la.ge irrigation canal, the Mahakhali 2, but was never
completed. The carnl flofts through a forested alea designated to become part of
RSWR, but in which people still live. In addition to som€ natual wetlands, the
excavation of fill for the canal has cEated several more (see Torle 5). Local people
reported large numbets of C. pdtlstris in Lalpani Tal, which includes the Dhaderi
Khola and marsh wetlands upstream. Villag€rs claimed sightings of up to 50
muggers in Lalpani Tal. Their estimate is doubtless hyperbolic as the lake is a small
oxbow suarounded by agriculture Muggers are likely present seasonally as the
oxbow is attached to Dhaderi Khola durins monsoon rionths and is a route
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Table 5: Summary of Kanchan Pur Distlict (Far-w€st) Habitat and Inforhatiolr

Site Name Date Surv€y
type

Habitat
q?e Temp Temp

Count/

suitability

Remarks

Bahuni Nala

Chaundhar Nala

Shihali Nala

09t2U93 HA PR Good Protecled,

thahar. Nadi 09l2u93
02119194

HA P R 34.6

77.2

Iair Good badk5,
forested

hlikich Tal 09t22t93 HA PL Fair Protected,

talpani ?al 09l2u93 HA PL Margrnal Ditturbed

Nunkhaini Tal 09t20t93 HA PL Disturb€d

Pell Tal 09122193 HA PL Disturbed

09l20l93

02118194

DNB

DNBC

PL

22

3 1 . 5

27.9

IAM Shallow, but

shikad Tal 09/21193 HA PL !air Smali

Tara Tal 09t22t93 HA PL Fair l/2 plotected

Mahakali 2 c:nal 09t2u93 HA PR Falr

fo

upstleam into the RSWR. Th€ Mahakhali 2 irrigation canal and the surrounding
lakes ale good habitats for future restocking Gee Table 5r.

6.5. The Mahakali Rive!

The Mahakali flows along Nepal's westem border. The river belongs to lndia which
piecluded facilitation of a survey. However, the large Srassland for which RSWR was
narned is a floodplain of the Mahakali. In September 1993, the warden of RSWR
reponed a dead ghadal adult, approximately 3 m in length, from the Mahakali
dver.

7. GROWTH RATES IN NEPAL

During Harry Andrews visit to Nepal, we clip-tagged, measured, sexed, and
weighed all mugSers held in captivity at the Governmenl Gharial Breeding Center
in RCNP. Follow-up measurements wete made 6 modths later to assess Srowth rates
and mortalit,v. From an original number of 67 hatchlings (59 fronr 1993 and 8 from
1991), 17 had died in the inte ening 5 months. The average growth rate of the
remaining 50 muSSers was 1 S cm in total length, 1.1 cm in snout-vent len8th, and
an averaSe weiSht Sain of 50 g. The correlatiod coefficiedt between weiSht gain and
total lenSth gron'th was 0.67, while the slope of ihe relatio[ i{as 1.6 and the

?tl
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intercept 3.2 cm, A relation of weight to total lengr.tt for October gave a slope of 1.4,
and the intercept - 36.7 cm, with a conelation coefficient of 0.97. In February, th€
same aelatlon retumed values of 1.4, -31.3 cm, artd 0.83, Morphometdcally there is
a stronS lilreaa aelationship between weight Sain and total length.

In MadBs, growth lates for C. pdlLrtiJ have be€n recorded at 40 - 50 cln per year
(Whitaker, 1981). Saltwater crocodiles in Papua New Guin€a were repoated to grow
20.85 cm pea year (Lever, unpublished data ). Both these figures far exceed growth
aates recorded in Nepal. Growth aates in Nepal duriog the months October to
February would naturally be lower due to colder tempeaatuaes tha! in Madras;
however, the largest probable cause is lack of food. Hatchlings in MadEs require 30
g of food pe! dat consistinS of fish, crabs, fro8s, and tadpoles, with additional
supplements ftom insecls.

Fish prices are higher in Nepal. Despite having a contEcted fishednan only 2-3 kg
of fish can be supplied to the hatchling pens on a daily basis, and even this supply
is not consistent. Approximately 300 - 500 g are distributed to the mugger
hatchlings, therefore, the 50 animals aae rcceiving less than 10 grams of food per
d^y.

Average tempeEtures in Nepal's Telai remain above 30" C during summer &onths
and above 15'C during the coldest winter months (see Appendia 3). Irl Chitwan,
whele the Gharial Breeding Center is located, the warmest six months are flom
April thaough September and temperatures average 29 c C. Mean cold mooth
temperatures hom October thlough March average 20o C (HMG-Nepal, 1986).

8. SUMMARY

Althouth a country-wide suwey is not complete for Nepal, it is obvious from the
emerSing data that crocodile populations are small, Extensive and destluctive use
of the limited habitat by local people is the primary cause for low populations. In
the few areas where wild populations exist competition with humans has still led
to low crocodile densities, even in protected areas and fotest reserves. This
corapetition is usuaUy the result of illegal use of prot€cted areas. The highest
relative density was 5 sightints per hectare at Latni Tal, whereas everywhete else
r€lative derrsities wele below I sighting per hectare of wetland ot kiloheter of river.

The total number of crocodiles sighted, including reliable reports, amount to 32
adult, 5 sub-adult, altd 2 ,uvenile C. ?altntris, and 14 adult and 5 juvenile 6.
gargeticr8. Using Tiger Topt more complete survey of the Narayani, 35 adult G.
S.rrgeticuJ may be recorded as sighted.

ln the future we need to calibrate sightingr with an estimate of total population.
We have stalted capturing and tagging C. pdl itrir in order to obtain a better
understanding of our survev results. Tagging ghatials should also be considered.
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The constant turnover and rotation of DNPWC staff make it difficult to maintain a
lonS.term program under thefu auspices. Deficient recoad keepilg for dead tagSed
hatchlings at the Sharial project is due to staff changes. We are endeavoring to
ensure that r€leased animals be documented, with follow-up monitodnS, to
d€termine lelease success and dispersion.

Future releases should be concentnted in the west, particularly in Royal
Suklaphanta Wildlife Reserve. ln areas outside RSWR, extension work will be
requrreo.

If commetcial utilization becomes an option fot C. paluso.is, eloryth rates must be
improved and an altemate supply of food procured. We have attempted frog
capture with high success, but fish aquaculture must be included in the
development of a mugger facility as well. Metabolisms could be increased by
heating hatchling pools with solar water panels. A feasibility study explo ng these
issues will be completed ir May 1994.
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Appendix 3: Temperalure Ranges lor Nopal

Summer Temperalure (May to July)

Winler Tgmperalure (November to January)
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SINGLDSITE AND REGIONAL SURVEYS OF CROCODILIANS OR
CROCODILIAN SIGN: DESIGN AND INtr'EREI.{CE CONSIDERATIONS

FOR ESTIMA'TION OF POPTJLATION TRXND'

CLnnoN T. MooRr'?
NATToNAT BrolocrcAl SLnwy, DIv, If,rvENToRy aND MoNrroRlNc, LAUREL, MARYLAND 20708 USA

Countiog individualr dir€€tly o! indirccdy Oy nests, tracks, or other signs) in crocodilian
population surveys is a popular tool for monitoring polrulation status alld trend. Relative to
sudeys of matry other species, itdividuals arc easy alld ilexpensive to count. Pattems observed
in the survey data arc thought io be rEprpsenlative of pattems in the population. Thus, survey
prcgrams ale an attnrctive option for rEsourc€ agencies desiiry to monitor crccodilian
populations.

In typical settings, couots (taken here to mq|n either a true count ot some p.oportionate
index ofpopulation size) ale collerted under some prescribgd conditions at regular time htervals
al one ot morp survey ar€as. Infomation on envirc nent l conditions or survey char.acteristics
may also be recorded. Tnnslating the data into usefirl iderEnces on population trcnd relies on
(a) corrertly identirying a sratistical model for counts, so that population trcnd can be quanrified
and judged for significance; O) successfully removing outside sources of variability through
survey design or aoalytical adjustment; aod (c) adequately rEplicathg the survey oither in time
or space, so that the survey has power to distinguish a rcal tlerd ftom chance pafterns. Ways
to megt these requirpments are hardly gver obvious, but gainiry experience in monitoring the
population and stating the scope ard objectives of the survey are lhe best meaos of narrowiag
the options.

I will illustr"ate how cortollable and uncontrollable factors can impair the usefulness of
the data, what assumptions about the data are necessary for making inferences on population
challge, and how a good survey design can alleviate difficult situations. Most of the discussion
pertahs to the collection and analysis of data at a single site. When appropriate, however, I will
extend the discussion to the problem of rcgional population inferenc€ based on samples at
multiple sites. Most examples detive from personal experience with crocodilian data, but some
I borrow frcm the field of avian monitoring, where practitioners have long struggled with the
same issues.

A detailed trcatment of all issues penainilg to design and analysis of crocodilian
population survcys is beyond the limits of a single maluscipt. My puryose is to oryanize,
desuibe, and provide biblio$aphic referEnce to problems likely to be encounterEd ir crocodilian
monitoring. I hope to provide enough detail to allow the rcader to pu$ue further topics
independendy aod to communicate design and analysis concems effe.tively with a statistician.

iconhibution to 12 Workirg Meeting of rhe ruCN/SSC Cr6odile Sp€chlist G&up, patlaya, Thaitand, May
1994.

:P.es€nt addB: U.S. Fish and wildlife s.rvicc, Offic. of Mignrory Bird M.nascncat, Illrcl, M.ryt.Dd
D708 USA.
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J. R. Sauer and A. R. Woodward kitrdly rEviewed drafts of this manuscript and prcvided many
improvements.

SOT]RCES OF VARIABILTTY IN lEE COTJNT

Evetr in a constant-size crocodiliao population, coutrts of individuals or their sign are not
censuses, afld hence will gercrally vary in successive surveys of the population. A reasonable
way to think of the coutrting proc€ss is as follows. Eacb individua.l or item in the survey area
has some probability, ircluding probabilities 0 and l, of being detected. Prcbabitties may vary
among individuals in the same survey atld within individuals in different surveys. Whethe. ao
irdividual is counted or not is a random event deteimined by its detection probability. Thus,
variability of the count is due partly to charce and partly to ho\r severE detection probabilities
vary betwe€n individuals or items within and among surveys. While the chanc€ component is
beyond any kind of suwey control, good and poor population surveys are distinguished by how
well the investigator exerts conkol over factoN that cause detection probability to vary (Seber
1982:53).

Detection probability of individuals or their sigr may vary according to factors both
withi[ and beyord the control of the investigator. Detectability efferts due to season, time of
day, location, meteoiological conditions, habitat stmcture, water attdbutes, animal physiology
ard behavior, countilg prccedurc, observer char"acteristics, and equipment used have b€en
described elsewhere (Magnusson 1982, Bayliss 1987, Woodward and Moore 1990). The
investigator can cortrcl some of these factors. Othe$ aI€ not cotrtrollable, yet the investigator
can pre,scribe favorable conditiols under which surueys c:m be run. However, simult2neous
ideal conditions for all factors r-arely prevail, so conditions among samples must vary to some
degrce even in the most rigorous suweys.

By couoting crocodilian sign, one can avoid some souices of detection variability
associated with counting individuals. For example, nests (the most commonly surveyed form
of qocodilian sig!) arE fixed and geneially uniform in appear-dnce, so detection probabilities
associated wirh animal behavior, animal size, time of day, and many other factors may not be
of concem. However, such surveys intrcduce new sources of variability that may limit their
usefulness (Seber 1982:54). Whether or not an adult female builds a nest is a mndom
occurr€nce with unknovn probabi-tity, ard the probability may vary among females. Further,
each nest in the survey area has some probability of not being u{ique to an individual, that is,
false or "sibling" nests may be available for inclusion in the count. Nest "crcation" and
"siblhg" probabilities ope!'ate in olDosiie ways with Egard to thg population count, but beaause
the probabilities may vary amorg individuals, there is no assumnce that the probabilities
completely offset one another.

xrg
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ASSIJMPTIONSIORESTIMATINGFOPUT,A..--TIONIREND

CoDstancy of count bias

If we could count every member of the population at each survey period, we could
measure trerd exacdy. Evetr lacking a complete count, we could obtain arl exact measure of
uend as long as the number of individuals or itoms counted each time was a strictly constant
propoftiol of the population. In other words, the couot bias, the difference between population
size and the population index, must be a constant prcportion of population size at each survey
occasion. If bias vaies from count to coult, theo a trerd in counts measules somethine othea
lhan a hend in population size (Seber 1982:53).

Because detection is a r"andom occurence, a count of individuals or items is alrnost
certainly a biased estimate of population size. B€cause detection probabilities vaiy among
individuals oi items at each sample, there generaly is high dsk thar the assumption of constancy
of count bias is not met.

Effects on coutrt bias variebility ar€ knoirn and controllable

The investigator should know all the efferts that cause count bias to vary and should
corltlol these effe€ts through survey design. Cootrol can be achieved either through
standandization of survey methods (Seb€r 1982:53) or thrcugh post-hoc a$lytic adjustment of
the counts for measurcd values of the effects.

Neither part of this assumption is likely to b€ completely satisfied in practice. III any
suruey, we can never enumerate all facto$ that cause count bias to vary, but we hope to at least
list thos€ that we can conlidently presume to have the greatest effect. However, of factors that
we can list, we are uolikely to be able to design a survey or concoct at analysis that will eotlely
Emove all of their effects.

For example, season, water temperaturc, and water level iniluence the population
distribution of the Amei@n alltgator (Ahgator missisiippiensis\ on \retlands in Florida, and
variability in population distribution wa! believed to $eatly affect detection prcbability during
night population surveys (Woodwad and Moor€ 1990). The season and water temperatuie
effects weip conEolled by conducting counts in a narrow armual time fiume. !y'ater level could
neither be madpulated nor anticipated. However, a measurement of water level was obtained
in each survey for later covariate adjusment. Adjustment for water level smoothed wild swings
io the count and improved pr€cision for the estimate of trend (Fig. l). Surface coverage by
hydr'lla (Itdnua venicivato) also likely intluenced detection probability, but its influence vas
not as effectively removed.

I[ the Nonh Amedca[ Breeding Bid Survey (BBS), a spring-season roadside count of
all brEeding binds detected thrcugh sight or song (Robbhs et al. 1986, Droege and Sauer 1990),
changes in obs€rvers on a su ey route affect the between-year dete.tion prcbability of
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trlgure 1. Mean sulnmer (June, July, August) water level (m) on Newnans Lake, Florida, USA,
alld observed (O) ad adjust€d (.) densities of alligators 3l-122 cm on Newnans Ilke.
Dt€ction and magnitude of adjustment was determined by relative water level value. Estimated
ir"nd line and 95% confidence band for trend lirc are displayed (solid lines). The wider
confidence band Oruken lines) aplrroKimately expr€sses the cost paid in increased variability by
igrlorillg variability in water level.

E
ll
C

P'6

0)



MOORE.ESTI4ATN{C CROCODtrIAN POPULATION TRENDS

itrdividuals (Sauer et al. 1994). Over tb 21-yar history of the BBS, n€w observers have
rypically beetr more prcficient ar counting bids tha! their prcdecesso$, perhaps due to incEased
populaity of bild watchiry ard due to imprcved quality scret rg of rew observe$.
Accordingly, the proportion of birds detected bas systematically increased over time. On
aveiage, igtrorhg the obs€rver effect misleadhgly poftrays populatior ircreases that arc too
npid or population declines that are too slow (Sauer et al. 1994). Thus, observer changes on
a rcute arc not€d, and effects of the changes are removed analyically (Geilsler and Sauer 1990)
(Fie. 2). within-observer changes in countingprcficiercy (W. E. Kcndall, U.S. Fish and Witdl.
Serv., unpubl, data), changes in traffic volume or rcadside land-use patterns, alld annua.l
differ€nces in proponion of males that sing are examples of many largely unknown and
uncontrolled faclors that affect detection prcbability itl the BBS (Bystrak 1981). Facton that
affect detection probability of crocodilians arc likely just as vaded.

Statistical model for counts

Sy'e assume that counts oby a statistical model that prcscribes (a) the paftem in counts
over time, O) the rclationship between counts alrd nuisalce covariates, and (c) the probability
distribution of model e.rors. Each element of this assumDtiol is considered below.

Ponem in counts over tine. We assume that some type of model dgscribes the data
patten (Fig. 3). The most widely used are lircar and exponential models of population growth
(Haris 1986). Such models arc easily estimared via standard linear rcgression merhodology.
However, because these models presume that the populatiot grows or diminishes without limit,
they may be unsuitable for rapidly changing populations. Models of arymptotic or size-limited
population growth (e.9., logistic, von Bertala[ffy, and Richards curves) are available, but these
models ar€ fit by nonlinqr rcgrcssion, a somewhat difficult procedure that is sensitive to
absences ofdata (Seber and Wild 1989). Both linear and nonline{r growth models describe only
morotonic grcwth, that is, they do not accommodato both positive and negative growth pedods
over the survey hterval, and this limitation may be uffealistic for many populations. To model
courts that rise and fall over time, one may augment lineal models with curvatuE parameters
to cr€ate polynomial, sinusoidal, and other "curvilinear" regression models, or one can use
noq)ammetric smoothers (e.9., lowess, cubic spline, and kemel smooths) Gffudb 1990).
Becaus€ these models may contah peaks and troughs, inference on fropulation trend is
conditional on specifred periods of time within the survey interval. Fina[y, one can fit'!ointed,,
or pie.ewise linear models @raper and Snith 198l:252-257) to model ifierventions (abrupt
population cr-ashes or surges) that may Esult from management actions or extleme environmental
conditions.

Relatioturip between cowts and twisance covariates. ln situations wherc control ovei
a dete.tability factor cat[ot be achieved suffrciently through survey standardization, it may be
nec€ssary to adjust the count by modelling the effect as a nuisance cova.iate (so called when the
ooly purpose of the covariate is to isolate variability frcm a covariate of pdmary interesO. The
decision whether to use the covariate is rarely easy, and the consequerces of an imprcper
decision may be quite damaging to the analysis. If all imponanf cova.iate is ignorEd in the
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Ilgure 2. Ilouse sparrows (Passer domesticus donesticus) detected annually, 1966-1992, on
Breeding Bftd Suoey rcute 14203, California, USA. Different observe$ are dirtinguished by
unique symbols. Ircr€ashg trend Oroken li[e) is suggested when observers differ in dete.tion
p.oficiercy but the difference is ignored; within atl obseruer series, a downward trend (solid
lines) is obvious.
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Figur€ 3. Examples of regression curyes: (.4) Linear (l) arld exponential (2, 3) curves; (D
nonlhear Voo Beftalanffy (1), Gompertz (2), and logistic (3) curves; (C) quadratic (l), cubic
(2), and sinusoidal curves; (D) rcnparametric lowess smooth with tetrsion = 0,8 (l) and tension
= 0.2 (2); and (E) dtscontinuous (1) and continuous (2) piec€wise linear regressrons.
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aDalysis, the €stimat€ of population trend can be biased (e.g., igtrodng obs€rver diffeEnces ir
counts of bfuds) or highly vadable (e.g., ig orhg water level i! counts of alligators) (Rawlings
19E8:243). An udimporant clvariate that is included itr the analysis "drains" infomatioo
available for e.stima'ing trend, thus the trEnd estimate may be impr€cise (Rawlings 1988:171).

The manner L! which the covariate enters the statistical model may not be tiviat.
Usually, ooe assumes that the covadate affects the respoDs€ vatiable (count, or a tr"ansformed
va.lue of count) in a linear, additive fashion. I'hat is, if all other covariates are held constant.
we expect a chalge in the covariate to elicit a prcportionate chatge i[ the rcsponse. However,
maDy biological phenomera operate nonlinearly or ifier"actively.

Water tempeiatu@ may affect detectioo of many crocodilians nonlinearly. Suppose the
charc€ that a crocodilian is on tbe water surface increases with water temperaturE, up to a limit;
b€yond this limit, no association exists. If this nonlircar relationship is modelled lileady, one
rutrs the rfuk of providirg too much negative adjustmeot to couots al high water temperatures
and too little positive adjustment at low temperafirres. The line{r model may cast a series of
stable counts as an upward population tlend if the coutrts were observed during a qpan of
declining yet rclatively wrum water tempecrturgs. Contradly, the corEct model makes little or
oo adjustrnent lo counts io this temperature range, and no population increase is portrayed (Fig.
4).

Interactivity occuts when the Flationship beteeen a response variable and a covariate
depends on the level of anotber covariate. In a hypothetical but rcalistic example of interaction,
counts of crocodilian nests on a survey alea may be positively related to observer effort.
Howev€r, this relationship is not as obvious in open caropy conditions as h closed canopy
conditions b€caus9 all nests under the open canopy arE e{sy to count regardless of amount of
survey effoft expended. Suppose that over the course of the suwey, more of the area suitable
for nesting is obscured by an enc.oaching canopy. Time theEfore interacts with effort because
the r€lationship betw€en courf and effort changes over time. If the interaction is ignorcd in this
illusfi"ation, counts obtained in eadier yea.rs of the survey ale oveiadjust€d for effoit, and later
counts a.re underadjusted. The lesulting tr€nd estimate may be impr€cise or biased (Fig. 5).

Covadates may be employed in all forms of linear, nor ircar, a.nd tonparametric models
though estimation procedurEs cao be much more difhcult tharl for siople lirca.r rcgrcssion.
However, just as with simple regression, the methods ate usually far simpler than the task of
determining which covadates to model and their functional rclatiotrships to counts.

One common way to incoq)orate a covariate is through proportionate scaling. That is,
one divides counts by corresponding covariate values and analyzes values of the r€sulting index
(individuals per covariate udt). For example, counts of individuals are often divided by some
expression of courting effort to obtain an effort-adjusted abundarce irdex. Such scaling implies
that the relatiooship between coud and the covariate is rqrresented by a straight line passing
fhrough the origin (i.e., a zeto-valued covariate implies a zeto count) (packad and Boadman
1988, Butcher atld Mcculloch 1990). Any other form of the Elationship makes the use of
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Itgure 4. Effect of misspecifrcation of the relationship betweeo detection Fobability and a
covariate. The tnte (solid line) and misspecified Oroken lhe) hypotherical rclaLtionships berween
surfacfug pFbability and water teEperature arE displayed oeft paneD. Water temper"ature
decrcases with time, but counts (.) ale constant (right panel). Dir€ction and magnitude of
covariate adjustrnent for each tempenrturc ,r, t2, and t3 to standard t€mpcratuE to are irdicatgd
with arrows for both surfacing probability rclationships (left parcl). Mjusrmenrs applied to the
counts Esult iI| an ircrcasiig treod (+, brokgn line) for the misspecified relatiorNhip and a
stable trend (tr, solid line) for the true rclationship.
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Flgur€ 5. Effect of ignoring interaction between time effect alld a covariate. In the hypothetical
example, nest dete€tiol prcbability increrses with effort, but at a rate d€pendent on canopy cover
0eft parcl). Fufiher, because the calopy over the survey luea closes over time, time and effort
interact. Suppose that effort incr€ases over time, but counts (.) rcmail stable (right panel).
Mjustment of survey frorls eb e2, alld e3 to the reference level ?0 varies according to canopy
cover (solid aEows, left panel), and the adjusted counts show a geneiilly incrcasing paftem
(right parcl, tr, solid line). However, if the inte.action between effort and ca[opy closure (or
time) is ignoEd, covariate adjustment for effofi occurs at an intemediate fixed levgl of calopy
closur€ Orcken arrows, left panel), and the adjusted counts appear to de€line Gight parcl, +,
bpken lirc).
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proponioDare scalirg suspect, It is easy to imaginc a rclatiooship ir which itdividuals counted
increases very rapidly with inqEasing effort but increases slowly beyond some thneshold of
effoft. In this circumstatrce, rcither proportiomte scalitrg nor llrear covariate adjustment
adequat€ly model thir relationship, bur the latter mothod is mole likcly to Rt at least a part of
rhe data (Rawlings 1988:243). Butcher and Mcculloch (190) used data from the Audubon
Chdstmas Bird Count, an annual suNey characterized by varyiog observer effort, to illustrate
other failures of this model for several bird species. The autho$ noted that failhg to model an
imporurt interaction between effort and location rcsulted in a .spurious negative rclationship
between effoft and count foi several extreme cases.

Colin€arity, the existence of high co[elation among 2 or more covadates, prcsents
difficulties in lirear and nodinear rcgr€ssion situatioos. Highly cor€lated covariates itroduce
instabilities in the least-squarEs estimation procedure, aod as a Fsult, mean and variance
estimates for effects involved irl the co[elation arc unlEjiable (Rawlings 1988:2,14). With regard
to crccditall monitoring, colinearity among the time effect and aoy other single covariate or
combination of covariates can prcve trcacherous for making inferences on trend. For example,
if survey tnnsect lelgth is used as a covariale, trend estimates may be uueliable if traDsect
length changed consistendy over time. Remedies for cotinearity include &opping offending
covariates from the amlysis or using complicated methods (ddge regression, principal
components regression) that obtain estimate stability by pemitting a small degr€e of estimate
bias (Rawlings 1988:245).

With these Foblems and uncertainties, the us€ of covadates in population monitoring is
almost never a stiaighdorward issue. Even if a covariate is howrl to offer incrssed accuracy
aod precision for the ffend estimate, its advantage may stilt be offset by tvo disadvantages.
Fi$f, the benefit obtained may not be worth the added complexity of the model and the
estimation prccedure. Second, establishing only an associative rclationship betwe€n the covariate
and count will always leave the covadare's applicability to funrc data h doubq altematively,
an experimentally-confirmed causative relationship would clarify the role of the covariate now
and in the tutule (Rawlings 1988:170-l7l).

Probobihty distibutiorr ofmodel errors. lnference in most rcgiession problems requires
that model eirors (disagreements betw€en acnral counts and counts prEdicted by the model) arc
ird€pendent ard norma[y distdbuted lidth constant variatrce; otherwise, effe.t variances may be
poorly estimated and tests of sigrificance may be invalid. Orle would not expert this
r€qut€ment to be ofterl met for g4ical crocodilian modtorilg data. In most situations, eror
varianc€ is not constant but hstead incrcases with the mean count (Eberhardt l97g). That is.
counts be.ome mol€ vadable as the average count incEases. Further, counts ceDtered to their
means ofton exhibit a .ight-tailed skew. Accordingly, the logrcrmal, poisson, ard negative
bhrcmial distdbutions ale better suited to couDt data thart is the normal distribution (Eberhardt
t978).

Fifting the lognormal is accomplished by log-tra$forming the counts ard applying
regrEssion methods to the transformed values, now assumed to be normally distributed. This
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popular apprcach carries some caveats. First, estimates of tlend or mear count back-
u'ansformed to their odginal scale by simple exponentiation suffer a bias that hcreases with the
vaiance of tho astimate. A simple bias-coEecting adjustment may be made to the exponentiated
valug (Bradu and Mundlak 1970). Second, trecause a zero count value cannot be log-
transform€d, analysts often add a small constant to all couots prior to trarsfomation. This
practice biases the trend estimate, atd the magdtude of the bias depends on the size of the
constant, and most importantly, on the prcvalence of zero or small ( ( 3) count values over the
survey pedod (Geissler and Link 1988, Collins 1990). Maximum likelihood estimation is a
means of htting the lognomal distdbution dir€cdy nithout resoting to data transformation, but
the method is iterative, requires familiarity with nonlinear optimization, and may be fraught with
otber difficulties (Mcculagb and Nelder 1983, Seber and wild 1989). For fitting models to
data followiog poisson and negative binomial distributions, maximum likelihood estimation must
be used (Mcculagh and Nelder 1983).

Data collected in any time sedes potentially suffer serial correlation, a condition that
violates the assumptioo of model erlor independence. Couot data collected closely together in
time often have positive sedal corelation, meanirg that the prediction error of the model at time
t+ I is generally of similar dt€ction and magnitude a5 the prediction error at time ! (Draper and
Smith l98l). In such situations. the variance estimate for uend is biased low and rcsults in
rejection of the null h,?othesis of no trend more often than expected (tyfre I error greater than
desiEd) (Rawlings 1988:241). In Florida, counts l-7 days apart we!€ serially correlated unless
water level changed substantialy (>2 standard deviations) during the time period (Woodward
and Moore 1990). At stable water levels, no evidence of sdial corelation occurred in counts
taken >40 days apart, but unfoftunately, counts separated by such a time span could not be
considercd rcplicates withil a silgle s€ason. Because serial corr€lation occured in most counts
taken morc than once per year, refrlicated couots in Florida were often unusable for vaiance
estimation by standard procedurcs. Methods exist for detecting and modelling serial co[elation
(Draper and Smith 1981, Raelings 1988).

Site-specific pattens of populatiotr change in regional surveys

Multiple sires distributed within a Egion may b€ sampled for infercnces on the regional
population trcnd. We assume that sites are located at ra[dom within suitable habitat of the
rEgion and that site-E)€cific pattems of population change can be accurately depicted with a
small, consistent set of summary statistics.

Sites dre located randomly u,ithin suitable habitat of region. Unbiased estimation of a
rcgional populalion pattem depends on a raadom sarnple of sites, Rarely is strict randomization
us€d in survey design. Rather, logistics of the survey, accessibitty of sites, ard prejudices and
politics are too often the cdteria by which sites are selected. At best, one may b€ able to
r"andomly choose from a s€t of sites deemed b some way to be "surveyable" and representative
of the region. Ilowevet, this apprcach risks systematic exclusion of sites ha6oring impottant
segments of the rcgional population, e.g., inaccessible forested wetlards that prcvide nestirg
habitat to females. At worst, one chooses the sites haphazardly with empbasis on human use
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sta6s, conyenience, and access. The impottame of stating the limitations of the sampling frame
in any prcsentation of the data camot be overemphasized.

Random sampling of sites in 2 or more strata within the region is desiiable if withitr-
stratum site vadability is apFeciably less than rcgioDal site variability (Eberhadt 1978, Seber
1982t2O,451). For example, one may obtair variances for mean trend at sites both withit
riverine and palustrine systems, then pool the 2 values. If the pooled varianc€ for mean rend
is smaller than the vatiarce obtained by igooring e.osystem status of sites, theD geater
efficiency can be obtained by randomly sampling sites within riverine and palustrine systems
than by samplitrg without rcgard to ecosystern.

Many estimation prcc.dues exist for data taken nepeaMly on a sample of individuals
(Crowder and Hand 1990). The split-plot ANOVA design, or its variations (Rowell and Walten
1976), can be used when all sites arc sampled in all time poriods, or very nearly so. If sites are
often skipped or if covadates ar€ to be modelled, other proc€durcs aJ€ required. One such
procedure, rofie-rcgEssion (Geissler atrd Sauer 1990), was developed and is now routinely used
for estimation in the multi-site BBS. In short, estimates of site-specific exponential population
tI€Ild arg weighted by relative abundalce of the sp€cies at the site and by a quantity inve$ely
I€lated to the estimated &end variance for the site. Weighted site estimates within a
physiographic stratum are then "bootstr"apped' (intensively resampled by computer) to obrain
str"atum estimates of mean trend and variance. Stratum estimates, weighted by stratum area, are
finally averaged into summaries for large. regions (e.g., states alld prcvinces).

Pattem represe able in suwnary JtardricJ. Whereas single-site surveys may perrnit
elaborate modelling of counts, multi-site surveys must emphasize models that are sufficiently
flexible to capnre gross population patterns yet provide enough reduction of tbe data for easy
summarization over all sites. If straight lines are used to model couot data for sites that may
contain either straight or curved pattems, then the regional surnmary will take the form of a
misleadingly straight and relatively precise trend. Better approaphes ar€ fitting models that
include a parameter for curvaturc or detemining whether count pattems corespord to an
identifrable stiatification of sites and estinEting trends separately by stratum.

CONSIDERATIONS IN DFSIGNING CROCODILIAN SIJRVEYS

ldentifying and co rolling surv€y coDditiotrs

The conditiotrs that cause count bias to vary among yeani must be identifred. A mor€
difiicult task is to exefi conuol over these conditions so that relationshiDs observed in count
partems can be irfeEed to the population.

- Ooe controls survey conditions gither though standardization of samplilg t€chniques or
through post hoc analltic adjustment for covariates. Given that the complexity and the potential
for problems multiply with the addition of covariates, survey standardization should almost
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always be prefeE€d to covadate adjustrnent. A standardized survey should pr€scribe how
sampling is done with resp€ct to time, location, meteorclogical conditions, habitat conditions,
observer characteristics, counti[g proceduE, and equipment used. GeDemlly, survey costs
hcreas€ and magitude of counts decr€ase with standardiz2tion, so the ipmptation to forego
stardardization ill favor of samplitrg utrder varyirg conditions is strong. Howgver, incEasing
Eliance on covadate adjustment deqeas€s the credibility of survey bfercnces. When covariates
must be measuEd, they should cod€spond to conditions proximate to the time and locatior of
the survey, aod their values should be measur€d accuiately.

fhe same rccommendatiols for standardization apply to hdividual sites within a multi-
site rcgioml survey. However, carcfirl consideration to selecting sites and determining the need
for stiatifrcation arp additional concems in the design of Egional surveys.

Exp€rimental studi€s

A fi€quent objective in crccodilian monitoring is concluding if a management action
causes a populrtion r€sponse. The survey destn determines whether the question car be
successfully addrpss€d. Carryirg out the action at a single site constitutes only one rcplication
of an experiment. A population change occurring at the time of the action camot be aftributed
to an effect of the action or to a coincident uDr€lated effect. Therefore, a siogle-site survey is
not a sufhcient dosign for answerilg thi! question (Ilurlben 1984), Replicated expedmental and
cortrol sites, peftaps paired with each other, should be established.

Modelitrg and iDferetrce

ln single-site surveys, emphasis is placed on model identifrcation and detection of rapid,
shon-term population change, The gamut of standard rEgression diagnostic tools (Draper and
Smith 1981, Rawtings 1988) can be used to identiff, rnodels that successfully fit the data pattem
and to diagnose prcblems that call interferc with ass€ssing population change. Replicated
irdependent counts taken at each time period piovide the best tool for identifying a modet,
because a caldidate model crn be tested using a vaiance term computed independently of the
modcl (Rawlings 1988:122-126). Such counts need to b€ sufficiendy close in time to assure that
the sarne population is being sanpled, but counts too close in tim€ o y provide irformation on
measurement emlr, not sampling error.

In conFast, emphasis in regional surveys is on coa$€ estimation of populalion change
at many sites. Under this strategy, estimates from fairly simple models are summadzed over
s€veral sites, alrd the use of many sites rcduces the influence of poor estimation at a minority
of sites. Detection of a regional population trend depends in part on the succes! of defining
apprcpriate strata for pooling sites with similar tlend characteristics.

Index or covariate values which arc missing either in isolated cases or in entire series
usually increase the need for elaboBte estimation prcceduEs and decrease the quality of

23r
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inferences lhat can be made. Consequendy, every attempt should be made to acquie a complete
set of data, balam€d with rsp€ct to site ad time period.

Pow€r

The ability to detect U€nds of given magnitude with Easonable confrdence is a pdmary
need for biologists who monitor natural systems (Toft and Shea 1983), Unfoftunately, methods
of estimating power for a design arc not in the statistical training of most biologists.

For data collected uoder a given design, statistica.l power is the likelihood of rejecting
lhe oull hypothesis whe[ an effect is present. For tlend estimation, power is the chance of
rcjecting th9 nu[ hypothesis of zerc trend whon in fact a leal trptd does exist. A sma]ler
ttu€shold value of trend is detectable in a design with high power tban one with low power.
Th€refor€, one should be able to decide the sma.llest tlpnd that is consistcnt eith population
'stability' and detemine what design configuration yields a gr€at likelihood of deterting a trend
at least as larye, given that the trend realy does exist. Then, declaring ,,no statistical
significance" fo. a test of trend cardes more Elevance to the notion of population stability that
would be possible in a low powor test. Eistoricaly though, no assessment of power
accrmpades the data analysis, so failurE to delect a significant fiend is uninformative. When
power is not r€ported, there is no basis to colclude that a nonsignificant trend estimate suggests
population stability.

h the usual application of power analysis for population monitoting, one wants to
determine thos€ designs most likely to reveal a significant population tl€nd if the tr€nd exists at
a speaified size or larger, Number and frequency of suryeys, use of covariates, and all other
aspects of the design inlluence pover ard the likelihood of detecting population trend.
Therefore, for a list of designs that are feasible given the available rcsources, the biologist can
use power analysis to fird the design yielding the highest power for the monitoring obje.tive.

Power analysis for single-site sufleys is described in the tirerature (Geuodette 1987, Link
and Hatfield 1990, cerrodette l99l), and software is available for p€dormhg the calculations
(Ggrrodette 1994). The us€ of covariates can quickly complicate matters in power analysis, but
power may still be estimared (C. T. Moore, U.S. Fish and Wildl. Serv,, unpubl. rep.). power
aoalysis for Egional surveys is oot well-documented, but some tools arg available (J. R. Sauer.
Nar. Biol. Surv., unpubl..ep.; J. P. cibbs, Yale Univ., unpubl. software). For either t)T,e of
survey, data from a pilot study should be avaitable to prcvide aIl estimate of variance. Such data
may be colle.ted in a sirgle year if rcplicate, iod€pendent observations can be obtained. For
regional suweys, pilot data must also be available at a sarnple of sites. In single-site surveys
of fixed time span, morc power for detecting trends is available thrcugh within-year replicatioo
and incr€ased standardization of the design. Fo! rcgional surveys, power is increased primafily
though site r€plication and propei selection of strata.
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Auxiliary fuforDstiotr

B€cause the assumption of constant count bias is cdtical for inferring population tend
fiprtr counts, conclr€nt coUection ofauxiliary data that allow direct estimation ofthe couot bias
may be a wofihwhile endeavor. Maly variations of line transect or matk-rccapturc techniques
(Seber 1982, Nichols l98A pennit the dircct estimation ofpopulation size each year. Population
size estimates cao be used to investigate armual variability in lhe count bias, to corroborate the
suryey estimat€ of tr€nd, and to searh for possible failurE of trEnd estimation alsumptions.

SIJMMARY

The discussion prcseDted her€ only scratches the surface of the vast collection of issues
relating to design and infercnce i! crocodiliar monitoing studies. Because it is so difftcult to
satisfy key assumptions with any certainty and to implement apprcpdate analysis methods, tlend
estimation based on counts is .arcly as simple as it apf,ears. Covariates may present more
prcblems than they offer to rcsolve. The rslism of modelling curved tr€nds has to be weighed
against the relative simplicity of straight-line models. One can easily detennine the monetary
cost of iandom site selection and survey standa.rdization, but a much more difficult and usually
overlooked determiration is the cost in scientifrc qedibility of opting for the altematives.

Although the issues are difficult, steps can be taken prior to thg survey that will help
narrow the design and analysis options. First, a clear statemed of survey scope and objectives
must be made. Second, gaining as much knowledge as is practical on th€ population, the
habitat, and likely limitations of the survey method is fundamental to assurhg the success of the
survey. Collcctirg data from small-scale pilot surveys is an invaluable component of this stE .
With such knowledge, the biologist and the statistician should be able to determine ifthe survey
objectives can be achieved through the Esources available, and if so, design a robust, efficienr
survey prograrD and analysis plan that will meet the objectives.
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INIRODUCTION

Wel savamas are preval€nt i,l Brazil and other areas itr Sourh Amedca. Some ofthese
are vast as is the case ofthe Plnlatral the "Cerrados" ofthe $ate ofRoraiEA aad the Bananal
isla[4 bur rhe rrajority are Wrcad in patches along rivers such as the floodplaitrs ofthe Arnazotras-
Solimdes, Sao Fnncisoo, aad Paratri Rivers. The size ofcain'tr populatiots ioiabitiry rhese
habitats rlsy be diftcult to assess by EDtlight surve)rs becsuse ftequeatly they occupy remote and
extmsive arees, rtrd also because ofthe visibility bias associated with tle swa4 vegetation.
Aftematively, aedd surveys oftrests may be used to get hformrtio! about populations of
orocodiliaN inhabittug wetlads (Ch.breck, 1966; Taylor and Neal 1984; Webb ald Smith,
1987). Many South Aderican countries lave been usiry caiE tr populatiotrs for profit.
Venezuela and Guyam have legal harvesting proglaos and, Brazil, Colombia, Guyana ald
Venezuela, tave inrylemented latrching prograEs (LrDmoore, 1992; Thorbjamarson, 1992).
Howwer, exceprt for a few rece studies (eg. Ca4|oE 1993), there istro tradhion itr use ofaerial
surveys ofnests of cai[un in South America.

In this study, we pteseat 3 examples ofuse of srlveys ofcrin'n's nests ftod the air, in
difrer€nt .Ieas ofwet savannas itr Bmzil In one oase, we moritolgd oaiman nests in a ranch ofthe
central Pantanal during 5 cons€cutive yeals and related nest deNities to iaiD.fsll.

METf,ODS

Monitoring tests of crinan ia a srnell area of wct s.vrDn!
We searched for nests ofy}carc csit'Il,ut (Caiman croeodilw yacare), a the floatmg

grass D4ts ard in ihe fores parches ofa! atea of43 liD, ofthe Nhumidm Ratrch (18.59, S, 56"37'
W), Centrrl Pattatal We searohed for ne$s itr J.trusry-February ftom 1989 to 1993. Surveys in
the forest patohes were conducted fiom horsebaok or on foot atrd the floating grass o.ats werc
searched fiom ar ullralight aiicran (Microleve ML-200). Flighrs were couducted repealedly, unril
no new nests could be foud.

Survcys i|| large rrers ofwct savrtrtrss
We conducted srweys in 2 areas ofthe Pantatral fiom a CESSNA-206 flying at a speed



of200 lnA ad I aler ofthe floodplair ofthe Paraoi River tom aa helicopler (Bell-206) flying
xt t +eed of tl0 km/b- In all o.seq flight height was 61o- Two obs€rvels werc serted on rhe
saEe side ofthe aircrift to couat tle aests otr the same 200 m wide tlaasect delireated by a rod
anached ro the witrg strur (CESSNA-206) or by tapes fxed ot tbe helicoptels witrdows. We used
the "t|trdem doublecount" model (M.gtrusson et aL, 1978; Caughley and cdce, 1982; Baliss and
YeonEnq 1989) to irqrove the rccua(y ofthe counts The aavigrtor used a chrotrometer to
deterEine routes !!d suvey tdits The aircraft's position was cheoked tegularly with a Global
Positiotrhg System device (Maggelao PRGNAV 5000 model).

We saryled 2 rectaryular blocks of wet savama in the Pantanal duriry 9 and l0-Mar-92.
Blook l, with an area of992 lo:, was located berwe€n the paralels l8%7 aod 18'55' S ald the
nleidiatrs 57"36' ad 57'00' W. Block 2, (1,9321i6'?) was located between the p|ralels 19'22'-
19%6' S ard the meridians 56"54'-56"15' W. the sarylitg intensity wss 5olo of the saqrled area-

Alotg the Parad River, we saryled 957 km'z offloodplaitrs itr the arca to be flooded by
Porto Pdmrve$ Dem, between the paralels 20%8'and 22"30' S. Surveys ofbroad-uosed caiman
(Caiman lanro.ttris) vrerc Dade ftod 29 to 3l-Jan-93, aod rhe saryling itensiry was l0olo ofthe
saryled aiea.

RESI]LTS

Nesls iD a lBall arca of wot savantra
The totrl numbers oftrests folmd on the Nhurnirim ratrch changed ro 27 ( 1991) io!! 93

trests (1990) (table l). Nc$ densities otr gass 'r|tts vaded iom 0.1 ro l.l oeste/kmz. The total
truDber oftre$s was positively related with rainfall (Nt:0.10 t Wn- 52, n = 5, I = 0.80, F=
I1.62, P = 0.042), where { = tot.l aurnbe! oftrests andpp," = cuoulative rainfrll over the 12
months preceding resting. The number ofrcsts found on floating grass Eats (Nr) was also related
to r . i n fa l ( l r ' l =0 .0?+ppD-50 ,n :5 ,1=0 .81 . ,F=12 .85 ,P :0 .037 ) ,bu l the rewasno
reiationsh4r betweed the number ofne$s fourd ia foresr pitches atrd rainfall (n : 5, i = 0.27, F =
1.09, P = 0.312\.

Table l. Number ofne$s of Caiman crocdilus Jr'acare foutrd in the forest patches and on the
floating gass rrarq rnd accudulative Iainfrl (edd) ov€r the 12 months ptec€diry nesring (PPrJ in
the Nhumidm r.nch- central Par anal.

YEAR FOREST GRASS MATS TOTAI-

1989

1990

l99 l

t992

t993

1451

l3 l8

820

t249

1386

92

93

21

6 l

43

48

o

49

49

45

2 l

38

l8
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Nests ir largc areas of t{Gt slvarIt
Pantarul, using a CESSNA-206. I! $rvey bloct l, rhe first observq (ZC) sighted 6

trests rnd the s€cotrd sighted 3. Two nests were sighted by both obs€rvers. Usiry the tandem
model we e$iDated the probability ofZC to sigh rcsts = 0.6? give atr estimated deNiry of 0.17
aes/km'z. The e$iEated aDmber ofrcss G) fo. the Fhole block was 167 (sr-?).

h suvey blool 2, ZC sighted 16 {ests ard the s€cond obseryer sighted lO rcsts. Both
observer sighted 3 lests sinuhaaeously. The piobabiliry ofZC to sight trests otr this block was
0.30 atrd the estinrted densiry h bloct 2 was 0.56 oest/km,, giving ; : 915, sx = f5.

Pamtui riyer basin lsing lglicopter: Oaly 4 broad-nosed oaioatr wete sighfed during
the 12 lous/flights ofthe suwey, hdicating that individuals ofthe broad-aosed caimal cannot be
directly srweyed fiom the air iD this enviromedt and time ofyear. However nests otr the floathg
grass oats could be sighted nore Aequedtly. Observq I (ZC) coutrted 35 caimau rcsts and
observer 2 couted 19 c.imen nests. Elwen ne$ were setn by both observers. The probability of
ZC sighing a rcst was 0.58 and tle me&a estioated detsity ofbrood-losed caiman nests was
0.49 rcsts4tu? (SE=0.09). Elarapolatiag this deosity to the 1,280 kmz of surface covererl by
marsblatrds arld wet savannas in the area to be flooded by porto primaven DaE we estimated 630
trests in this area.

DISCUSSION

Aerial srrvey ofcainan 4ests are feasible fiom co[vetrtiotril fxed-\ditrs aircIaft-
helicopters rDd ulra-fights. Fixed-wilg aircraft are practical to study abutrdaaciand disriburior
ofcairnan nests on medisrl to large areas (I,OOO to >I4O,OO0 kmr), but it is not possible to
delerihe the individual positio{ ofevery trest. The cost offxed-witg flighr on the pa anal is
US$ l/km (Moudo et a! 1994). HelicopteB are practical for $!all to medirn areas (<1,000 kmr)
and ihey qllow the collectiotr ofinforEation on abundance, distribution and individual Dositions of
caiman nestg with a cost over Us$6/kfi. fnuafight aircmft are usefit on small areas (<100 kmr)
to get inform4tiotr aboul abuarlance, distribution and iadividual position ofcaimatr nests. ar a cosr
ofUS$o.8/Ln Aerial coufis fioE aD ulralight aircraft was a practical medod ofmooitorhg rhe
changes h the number ofyacare cainutr trests olt Mu$irim ranoh aEong yearg .

Both, tte total nufiber a{d the numbe! ofyacaie caiEan tress found on the gass rDars u
the Mumirino raach were hfluenced by cumulative rainfell over tle yerr prior to oeslg. This
result -sugg€sts that the .egulation oflhe yacare oaiDatr ra.nching activities (IBAMA,S regulation #
126 of 13 Feb. 1990) mu.s be reviewed. This regulatior estrblishes s ootsta quota ofnesrs to
be hafle$e4 hd€pendent ofweather vari4tjoos aDrong yerrs. We suggest a Dotritorhg program
ofthe caimau populatiotr itr the caiftatr mrchhg areas, and the establishnetrt ofthe harve$ quota
on aa annurl basis. Tbat piogam could be fnencially supponed by the caimrn raachers, bui
executed by atr itdependetrt institutiotr. These monitoring suweys caD be done by traditiotrsl
eodights suweys or by aerial surveys ofnests. Spotlighrs have been the Eost common method of
caiman surveys (Chabreck, 1966; WoodwEd ad Msrio!, 1978; Webb et aL 1983). however
s?ollights couts are time co'lsuEing (Bayliss, 1987) alrd srbject to visibility birs ( Woodward and
Marioq 1978: Bayliss, 1987). Alternatively aerial srwey is an efrcient arrd cost effectiv€ Eeatrs
to nouitor cairnaa nests in reloote and htrd-lo-access areas ofwet savrrma.
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Wet srva$ras are tequqrt itr Brazil ard other are{s itr South America. Aerial suweys ofnests
E y be used to get iDfotu$tion about popuiations ofcrooodilians inhabiting these habitats but,
ihere has be€n tro tadition ofuse ofaerial srweys ofwildlife h South Ameica. We prcs€fi
exaryles ofuse ofdiEer€d t'?es ofai&rai ro srrvey ness ofcaioal We us€d a CESSNA-206
lo colml nests ofyacare oaiDan on floatirg grass Erts itr 2 large blocks ofthe Pmtatral The
estimated de$ities were 0.17 nes,/km'! atrd 0.56 nes/km'?. Survey ofbroaal-nosed c,ifr'n aesrs
using an helicopter itr ao area ofthe Parali river resulted . density of0.49 nesy'tm:. We used ao
ultnlight aircraft to Eonitor the number ofyrcaie cain'n nests ioo 1989-1993 in a sEall area
(43 km'1)- EstiE ted densities varied fiom 0.I to l.l nestikol aad were oosirivelv correlared with
rainfall during the prwious year.

ACKNOWLEIIGMENTS

These studies were srpported by a World Willlife Fu ,/USA grafi ro W. Magnussotr (Dep.
Ecologia, Instituto Naoioral de P€squisa da Anazfuia UNPAI) .trd G. Mourao (Eqresa
Brasileirr de Pesquisa Agropecu.irir [EMBRAPA]) rod also by a Conservation
htematiotr.ltsrasil grant to M. Coutinho aad G Mouio. The ultralight airoraft w.s domted ro
EMBRAPA by rhe Superintendencie de DesenvotuiEento do C€firo-Oe$6-SUDECO/Polo
Noroe$e. We thaDk rhe Companhia Energaica de Sio Paulo (CESP) for the use ofits
helicoprer. We ttaDk the pilors Maroo A Duarte (CESP) and F. Boabaid for ffying precision. We
arc gntefirl lo the colleagues M. Pereira, M. Pinheiro and S. Sattos for their hefo in 6eld work.
We rLaDk Dr. W. Maglu$son for the review of the draft manusclbt.

RXTf,RINCES

Bayliss, P. 1987. Swvey methods atrd EoDitoring within crocodile Ealagement progmmmes. pp.
. 157-175 b c.lw. Webb, S.C. Manolis, atrd PJ. Wlitehexd (eds.), Wildlife

Managemenr: Crocodiles atrd Alligato$. Srfiey Beatry & Sons, Chippitrg Nonon, NSW,
Australia.

Bayliss, P. and Yeomans, L M. 1989. Correctilg bias in aedal srlvey populatioo esimates of
feral livestoct itr Dorthem Au*ralia using the double-cout technique. J. ofAppl EcoL,
26,925-33.

Caqos, Z. 1993. Efeot ofhabitat otr srrvivsl ofeggs aad sex rario ofhatah]dgs of Caiman
crocdilus yacare i the Pafiansl J. Herpetol.,21(21:127-132.

Caugh.ley, G a'ld Crrice, D. 1982. A CorrectioIr Factor for Colmtitrg Emus ftom the Air, and its
Apptcatiotr to Counrs in We$ern Au.sralia. Ausr- Wildl Res.. 9, 253-9.

Chabreck, R ll 1966. Methods ofdetermining the size ard coryosition ofalligaror populatior in
Louisiam. hoc. Ann. Conf Southelstem Assoc. Game and Fish Com- ,2OtlO5-12.

Lu@oore, f," A. 1992. Diectory ofcrocodiliat farDitrg operatioos. Secoad edhion. IUCN,
Glatr4 Switzerlrtrd and Casbridge, tI( 350 pp.

Maglussod, W. E., Caughley, G. I, aad Grigg, G C. 1978. A Double-Survey Estimate of
Population Size fiom Incoqlete Couats. t Wildl. Maaage.,42, 17+6.



Mourio, M. G, Beylisq P, Cowhho, E. M., Abe'croEbie, L. C. aad Arud& A 1994. Tes ofa!
aerial sfvey for oaimaa rtrd other wildlife h the paaterl, Brazil Wildl. Soc. BulL.
22150.56.

Taylor, D. and Neal, W. 1984. Management irylications of size-class frequedcy di$ibutioas itr
I-ouisi.na alligstor popirtiors. Wildl Soc. Bull, 12:312-9.

Thorbjrmarso!, 1992. Crocodiles an actior pho for rteir conservation. Ed. Il Messel F. Wape
Kirg, and lRosyIUCN/SSC, ClaD4 Switz€dand.

Webb, G I W., Mesrel Ii, Ssck, G C., R Buckwonb add S. C. Maaolis. 1983. Atr exrEhation
of Crocdylus poa* tests i! two troithem Austlaliatr fteshwNter s!r,a@s. with an
amlysis ofembryo monaliry. Aus1. Wildl Res., t0:52l-605.

Webb, G I W. and SEith, A. M. A 1987. Life hi$ory par.meterc, populatiotr dlarroics atrd the
dr.nagemeot of caocoalilians b G t W. Webb, S. C. Marclis, atrd p. J. Whirehead
(eds.), Wildlife Eatragem€nr Crooodiles atrd Alligatoq h.199-216. Suney Beafty pry
Lt4 Sydney.

Woodwar4 A R atrd Mado!, W. R 1978. An evaluarion offaclors affectitrg ghr-light counts
ofalligators. Proc. A r. CoD_f Soutleasten Assoc. Game rnd Fish Agencies, 32:291-
302.

2Q



ESTII.IATING CROCIoDI',IA]I ABUI{DANCE I{ AORIST I,AG@NS

Luls a. Pacheco
DeParlanento de Cienclas Ecol6gicas

aecultad de ci€ncia6
vniversldad de chiLe

cesllla 553, Santiago - qI|r!'E

INIRODUCT ION

Night spotlight counta ale the most uidely used nethod of surwev-lnq ctocodillan
poiurat-ione ilaqaueeon 1982) and .rE u6ed throughout the $o!ld aa an ind€x fo'
;vifulting population trends (ifoodrald and noore 1993 ) . rhe relationshiP b€t{een
a count and the total populatton j.s ugually aaaun€d to renain conslant over tj.oe
and any chanqe i.n counas shouLd reflect a ProPortionate change. in the total
DoDu]aalon {$;odward and Moore 1993). A nore aPPropriale assumpcj.on is tha! de
ia i r  account  for  the factors a l fect inq the s ight ing propor l j .on ( i .e .  f iooward and
t{ar ion 197a,  } leag€l  et  aI .  1981. ,  Pacheco 1993).

Iight countE are also used to comPare clocodillan ebundance bet{een
di f f€ ! .na local i t i€s ( i .e .  t ! 'o  o!  nore lasoons) .  rh€ basic  assunpt ion bere is
that tbe sighttng proportion is the salne anong the Populations aulveved.

civen the probl-elnatic assunPtionB and huge time effort involved uith the
use of night countB, aerj-al nest counts are betnq used to evaluate PoPulatlon
trends ln countlies like Brazil, It i3 enough to 3ay that usS85O Per hour ot
helicopter is the naid reason ohy this nethod is not feasible everfuhere-

the purpoge of thls paper is to review the factors that ghould be taken
into account rhen initiating a long-tem monitorlng progle of crocodilians in
lagoon6 u€ing nigbt spotlight counts. For€3t lagoonE are tbe focug of the PaPer,
but the sarne considerations apply to anY tagoon habita!.

FACTORS TEAT AIFECT NIGIIT COUNTS AND EOTI TO ACCOUNT FOR TIIEI'I

Thlee types of factors affect crocodilian night counts: nethodological,
envi roM€ntal ,  and b ioLogical .

tr.tbodoloEic.I tacto!6.- The problesE in methodology are tbose caused by hunan
elrors and i .oc lude:  d i f fe lences in  observer '5  way of  Eurveying,  df f ferences in
r} ' I )e  of  L ight  (e.9.  power,  co lour ,  locat lon of  l lght  bean l ' l th  resPect  to
observer) ,  d i f terences iD type of  boa!  used (3 ize,  shape,  wi th or  l rh i tout  an
outboard motor) .  Usual ly ,  nethodotoqical  lactors are reLat ive ly  easy !o contro l ,
but they are i$portant and ougt be Etandardized.

llvllo!!.ltal flctors. - The effectg of several environnental variables have been
evaluated and !t has been found that those that usuatty significantly aflect the
ltghting proportionB are! water leveL, eind 6peed (corelated with eeve h€igttt).
cloud cov€r, and tenperature (liurphy 197?, sood{ard and Marion 1978, l,lessel et
a l .  19a1,  f lood et  a l . .  1945,  t rut ton and l {oolhouse 1989,  Larr i -era 1993,  Pacheco
1 9 9 3 ) .

valiation alue to rate! lewel can b€ controlled by doing atl surv€y8 during
Lor rater rev€l p€liods, sheo a large! nunber of crocodillans is detectable.
Durlng hlgh rater lewet period6 crocod!1lana tend to diEperse to flooded areas
auay fron observer'g slgbt.

tbe effect of enviromental variableE on counts can be evaluated using
regre3Eion techni.qu€E (i.e. Eeveral counts ar€ conducted !n one locality under
dif ferent envlrorunental condition6) :

= ao l  a l  v ,ar l  +.a2-var2 + wherel

envi ronnenta l  var labre (  "n"  var j .ables)
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thi.s nelhodol.ogy wilL tell us tthi.ch vatiableB stgnificantly affect our
counts and uhethe! this eltect is Po€itive or nagative (woodua.d and uarion L9?8,
Hutton and ltoolhouEe 1989, Pacheco 1993). rhus, standardization o! eulv€vs can
be done by conducting all the €ulveys unde! certaln condftionE so the variabilitv
ln sighting proportlon anong counts ig reduced. 8or inE!.nce, if we find tba! aiE
tenperatule sffect€d counts PositivelY, errile $tnd 3P€ed and cloud cov€r affected
co\rnts negativory, lurv€yg should be conduc!€d wh€n air tsttlEratute is above
c€rtatn tlir€shola' Eay 23o and then botlt r,lnd sPe€d and cloud cov€r are beloF
c€ltain thresholdg, say 2 kn/h and 2/8 resPectively (cloud cove! is neasuled !n
eights). the valueE pre€ented he!€ a.e Just exanPleg, actual values will vary
anoag regions and specieE. As a furthe! cotbplicatlon, dlffelent age classes do
not respond in th€ sarna lray to environnental valiebles. 80! ln6tance, naxinurn air
ternp€aature of the day .ffects the counts of lalg€r aize class€8, but not thoee
of hatchllngg and Juv€nrr€s of alack calnan (trels!9€sglc-C 4:Scr) (Pacbeco 1993).
Therefore, it iE best to do the analyEig that one !6 constdeling separately lor
each 6 ize cIaEE.

If the total populltion sfze hag been esttmated for the Iocaltty where
sevelal Eurveyg $ere conducted, it iE po6€tble to use the sightlng proPortion
(for €ach Bfze cfagg) a6 the dependent variable in tbe regression analyses. rn
thls way, ptedlctive models can be obtained. That 18, baged on the envlromental
vallables prewalling durtng a slnqle count it i3 possible to estinate the
Bighting propoltion and, rith !t, th€ total Poputatlon Eize tn subBequent yea!6
(!.e. Hutton and WooLhouse 1989). The a6EuInPtton here is that cbangeE in density
do not affect che slghting proportion. thi.a agsunption is late! examined and
uEefulneEs of theEe models in the long run discuaaed.

othe! envilon:nentat variabtes like habitat a13o nust be taken into account
(woodward and Moore 1993). aor instance, coudtg frorn rivers shoutd not be
cohpar€d witb thoge fron lagoons assuming lhat the sighting proportion is the
sane. wi.thin lagoons, botb eount and type of aquatic vegetati.on !'ill alEo affec!
the gightlng proportion. It nay be very difficult to account for this variable6
stat ls t ica l ly  (a l though not  isposEib le) ,  so l t  m- lght  be best  to  contro l  for
ditfelences in habitat by conparing counta only among localities uith slmilar
types of habitat. Aerial pholographs nay be useful to choose simila! localj-ties.

atological tacto!6.- Tlo bi.ological factors have extEemely iftpoltant €ffects on
night counts: the wariness of the population/Individuals and population density.

W.r i ! . r ! .  the et lect  o!  i ,ar iness on the counta is  easy to v i .suat ize.  Less
oary populations lrilL have a gleater sighting probability than more l.'ary ones.
t{ari.ness is aflected nainty by sj.ze (aqe) gtructure o! the populatlon and human
act iv i t ies ( t febb and sessel .  19?9,  l lontague 1983,  Pacheco 1993).  1!  conpal isons
!n abundance ahong localities ale to be done, {hat i.E important is to deternine
hol' to account for the diffeiences in the sighting proportions due to rariness.
In Ehort, abundanceE of t{o localities can be compared if their sighting
proportionE are Eirila!. The lirst assumptj-on here is that populations qith
Eitnilar wariness indiceE oill have sLni-tar slghtlng proportions.

the eaEieEt way to aEBesB {arin€33 i3 to compar€ !t among the popuLatlons
under atudy. two lrarlness lndices nay b6 useal: the escape distance of individuals
(the digtance lrom the boat at which individualg 6ubne!q€) and the proporrion ot
inaliwialualg that could no€ b€ approacheal to nake Ep€cieE identlfication {usualLy
Lnorn as the "eyes only" category) -

civ€n that rarineEa ia affect€d by body size {rebb and ltesseL 1979, Pacheco
1993), cornpari6onE of escape dlstances gbould be done 6€palate1y for the
dlflerent Elze cLasses, Varlance€ tend to be very large, precluding the use of
ANovA, so alternative nonparatnetric teEts nay be necessaly {e.q. Krugkal-wa] I !s i .

Ihe uae of "€yes only" (Eo) aB an ind€x of rarineas can only be tested
statigtically il one ha€ several frEasurenenta. One ray to avoj.al conducting
Eeveral EuEveya 1n eacb Locality iE to conpate the propoltion of Eo !.oh each
Iocality ,1th the average Eo fEom the surveys conalucteal in one Iocality (e,9.



whcre the total population estioate was done). Dltterences can be tested wi'th a
tuo Blnnple !-test with arcsine tlansfofioation (Zar 1984).

th€ second aEE\rnptton here iB that envllonnental condltlons rill not affect
th. vr.rlness of the popul.tions. Thi€ agsuntPtion nay not hold fo! the €imp1e
reason tb.t enwlronnental conditlons affect the Eightlng ProPortion o! different
rire classeE dlffer€ntly (s€€ above) and, tn turn, uarineas j.E allectad bv €ize
cLaBs. Thelefore, i.t is advisable to test thether enwlronmentaL conditions affect
th. nrrinesg j.ndtce6. Reqression techniques can be used (with etarlnesa .lndices
a6 deFnden! warlabl€E). The resuLtE of the Et4ndardlzation counta can al6o be
used 

-here. 
the co€fftctent of d€temi.nation {R') can be us€d to assess shethet

th€ amount ot variation ln rarine.s due to envirodn€ntal valiabtes i.a Bo high
that i'rrrlneaa lndj.c€E cannot be conPared anong PoPulationE'

D.!3ity. Thete are no leferences !n lhe liteEature concernrng the effect
of den6ity on the siglti'lg proportion of crocodllian night countE. NevertheLeEs,
r€lults tron ny expelience suggegt ttrat density do€3 alfect the sightlng

Folloeing lutton and woolhouse (1989), nultiPLe reqresslon dodels were
built to e€tlnate the stghtlng proporliofl of diff€rent size classes of 4. !.!.SC!
in the aeni legion of Bolj.vl. (Pacheco 1993). |lodela were built on alata gathered
ln 1992, when a total population Eize estinate lor the lagoon uaed to standardize
ntelhodology waE done.

the esti.nate for the hatchling size class i{as 91 j.ndj.viduals, with a 95s
j . . terval  of  65-113 (L incoln-Pelersen e€t tnate)  (Pol lock et  aL.  1990).  rn 1993 a
single sulv€y waE conducted in the Lagoon and, based on the nodel for 6ize class
I I  ina l iv iduala,  th€ presence of  314 (951 lnterval  t27-?68) a ize c lass ! I
tndtvtduals i'as estimated. Since the model can be conqldered 8talistically uEefut
( lndepe.dent valiables {ind speed and cloud cove!, Re-0.44, t=0.0001, details on
the modetE will be published erseehere), and conaidaring the estinate fo! size
claaa I in 1992 t,aE accurate, thele is a larg€ overeatimate of the nunber of 1993
size cLass I I  ind iv iduals.  Recaptur€ data ru le out  the possib i t i ty  that  1992 Eize
class II individuals were confuEed with individual€ that entered stze class II
i l l  1993.  In tact ,  . j ,ze c lags I I  id  1993 waE apparent ly  forned a lnost  exc lus lvely
by 1992 t ratchl ings.

on the other  hand,  tbe nunber of  ind iv j .duats in  s ize c lasses >r l  (29,  9st
in tervaL 13-64)  est imated r i th  another  mod€l  (  lnd€IEqdent  var iableg wlnd speed,
c loud cove! ,  and maxinuin tenperature of  the day '  R '=0.98,  g=O.O0O1),  c losely
agreeE with the exlEcted nun$er based on 1992 lDputatlon estinateE for those size
c t a s s e s  1 3 2 ) .

when conparing the densitieE (indivldualg/kr of ghoreline) from one year
to the othe., it r.s lounal that 6ize cLass tI i-ndivj.dual€ accounled tor almoEt
th. rbole lnclease in density for nonhatchling cainan6, from O,a4 j.nd/kn in 1992
to ?.23 ind/ ls !  in  1993.  tn other  eords,  the 1992 hatchl ings gre l r  to  s ize c lass
I t  in  1993 and inc leased nonhatct l l lng densi ty  (s tze c la6se6 r r -vr ) ,  but  densi ty
of  31ze c lasses >I I  d ld not  lncreage.  ahu6,  thege regul tg suggeEt that  densl ty
is playing an important role ln determintng the sigtrting prolrrtion and this may
inv.llalate population €otinates fror nod€la that do not account for lheEe
chenqea. Given the pos€tble i'nplications of this tinding, it is urgent to teEt
(with hore detail) how :hportant the effect of d6nsj-ty on sigbting proportionE

Fi.nal connent.- statistical tests and procedure€ EuggeEted here EhouId be
diEcusEed { i th  a srat i .s t i r ian,

ac(No$tlEDcEttENts

Di6cusslon oith several crocodilian biologi.sts helped clarlfy ny ldeas,
esp€cialty Ulumlnating were connents lron vt. King, t{. MagnuEEon, J.
ahorbjarnargon, and A. lroodward. shannon Al-iEE and arancisco Bozinovi-c coftnented
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on thiB paper, This does not nean that they agree tith everything I 3av here.
ai€ld uoik leadi.ng to this paPer $as funded by the wildlife conaervat:on soctetv,
Progran fo! studtes in lioplcal conselvation, and Troplcal conselwation and
Dev;lotlnent Plogran. Ahe PaP€! wa6 olitten whiLe hold:ng a Red l.atinosericana
d€ Botenica feUoeship.
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AERIAL SURVEYS FOR MONITORING TRENDS
AND ESTIMATING POPULATION SIZE OF Ctocodylus niloticus

o. lhe Theory and Practtco ol Aorial Survey in Africa

lan G6mes
P.O. Box U.A. 296
Harare, Zimbabwe

INTRODUCTION

a6dalsurv€y is g€nerally acc€pted as being the most cost-etfectiv€ way of surveying la.ge
stretches of crocodil€ habitat. However, unless the survey is carefully plann€d, the results
may not b€ ot much value. lt has been widely used in pa.ts of Africa (Table 1) lor a variety
of reasons. lt is s€ldom lsod as a pure research tool (i.e. surveys are driven by
manag6ment objgctives).

Table 1. Some Aerial Su.veys ot Nil6 Crocodile in Atrica (Density = C.ocodiles per
kilometre).

Wet.r Body Country Oonsity
Okavango riv€r N€st Surv€y Graham €. al  {19761
Okavanso riv€r N€st Surv€y Graham er , /  (1992)

Lak€ Maagh€rita Erhiopia Turne. {1977)
Upper Awash river Ethiopia 7.OO T'. /rner 11977)
Lak€ Baringo 1 . 4 0 Hunon l l9S2)
S6baki-Galena iv6r 0.oo-1.50 Hutton {'1992,
'Eweso Noiro river 0.07-0.90 Hutton (1992)

Tana River 0.00-4.83 Hunon (1992)

Lake Turkana 1 3 . 4 Graham (1968)

Lak€ Turkana o.52-28.06 Hutton 11992)
Elephani Marsh B.'ressow (1992)

Lak€ Cahora Bassa 1 .90 -1  1 .5 Games er r111992)
Upper Rutiji river Tanzania 0 . 9 8 - 3 . 1 5 Games and Seve.re {1993)
Lower Ruliji river Tanzania 6.75-1 1.83 Games and Severre {1993}
Lak Tasallala Tanzania 18.07-23.38 Gam€s er €/ 11993 a,b)
Ruaha river Tanzeni€ 1 .56 - r .68 Games (1992;1993 a,b)
Kilomb€ro riv€r Tanzania 0.28-7. '14 Gem6s {1992;1993 a,b)
Ugalla river Tanzania o.67 Games {1992;1993 e,b)

lRubondo lslend Only)
Tanzania o.a2 Gam€s {1992;1993 a,b)

Tanzania 0.20-0.46 Gam€s (1992;1993 a,b)
Victoria Nil6 lJganda o.02-26.27 Parker and Watson (1970)

Uqanc,a o.50-1.67 Hutton 11991)
Lake Alben Uganda 0.06 Parker and Watson {1970}

Zambia 6 . 2 - 1 4 . 8 Howard {1992}
Lake Karibe Zimbabw6 5.O0 Taylor (19931



In Africa there may be a large diIf6r6nc€ between the theory and practice of aerial su.vey.
I will attempt to discuss both in this pap6r by examining some of the issues and
methodology surrounding aerial surveys of crocodil€s in east and southern Alrica. Two
published papers arg considered to be invaluable rot€r€nc€ works on su.v€ys (Bayliss.
1987; and Graham, 1988) and this report dr6ws liberslly on these two sourc€s.

METHODS

Assulnptions

In theor€ticdl tgrms, asdal suruey of crocodiles is based on the tollowing assumptions.

1) That crocodil€s often emerge to bask during th6 day.
2) That larg€f crocodiles (>2m) can readily be seen from the air at sDeeds jn excess

of 80 knots and heights oI greater than 1OO metres.

This is tru6 of both actual counts ol crocodiles and nest counts. Nests are ott€n identitied
by th€ pr€s€nce of an attendant f€male. They can also be identilidd by the easily
recognisabl6 slids.

'In practical terms w€ have found that there ar€ several oth€r things that need to be
assumed. These are:

. that thoro is wats. in the dver to be surveved!

. that suitabl€ aircraft will b€ available for the ontire survey - th6re are sufficient
oporating hours lelt - the aircralt does not break down etc. ls a replacement aircraft
available if som6thing go6s wrong?

. that there are suitable expe enced pilot(s) and observers {who are not prone to
airsickness) availsble lor th€ entke survey

. that avgas is available in the correct placos {either in drums land it hasn,t been
stolgnl o. at a registered filling point lon th€ day you negd itl).

. that the survey cr€w is not ar€st€d and detain€d (some aarspace in Africa is
considered s€nsitive by governments).

Planning

Perhaps the ti.st qLlestion that needs to be asked is , what are the obi€ctives ot the
surveyT The answersto this question n€ed to be ctearly stated befo.e the beginning of the
surv6y. Surueys can be 'oncs off" attempts to count cfocodiles and estimate their
population sizes within giv€n water bodies but it is strongly recomm€nded that all surveys
are treated as part ot a sories aimed at 6stablishing tr€nds - even ifthe likelihood of lurther
funds seems r€mote (Magnusson, 1982). The tinancial situation can always change and
it would b€ a great pity il data trom the ti.st swvey could not be used to compl€ment later
surv€ys. Examples ol obj€ctives for surveys could include:

. the collection ol data to enhance a management progdmme (cropping and egg
collection)

. counts 6nd population estimates for CITES oroDosals
a acadomic tesearch where an estimate of numbels was ngeded

Once tho objective(s) hsve been dolin€d then th6 task ot gathering intormation can begin.
ljnfortunately som€ surveys do not spend €nough time delining the objectiv€s of the
investigation. The issu€ can also b6 complicated and clouded by politics. ihe source and
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amount of lunding can also dictate to some €xtont what happens during a suruey. For
6x6mple. if the funds ar€ sourcad t.om p.oducers then they may requi.e inlormation
specilic to egg collection. Similarly it a surv€y has b€€n planned and then some funds are
withdrawn then it is n6cessaryto re-prioritize the survey. For example a shortage ot funds
will mean roduc€d flying time and deciding which riv€rs are mor6 important. Information
m6y come to light just b€fore tak€ofl (€.9. no wat€r in the river - don't laugh - thas can
oasily happ6n in Gmote and unknown €rcas) which may also require a re-prioritization ol
th6 suavgy.

Th€ importance oI inform6tion on the wators and areas to be survoyed cannot be stressed
6nough. In many parts of th€ contin€nt, however, information has proved to be anecdotal,
especially it th€ area has not been sllveyed before,

The tim€ oI y€ar is important. lt is b€st to surv€y most water bodies at low water, prior
to the rains, as the crocodil6s will be conc€ntrated. lf the survey is part of a series to
establish trends th6n it is important to try and survey at the same level of water rather
than tims of year. As an example, a section ot river (Section A) may become too shallow
to support large crocodiles which will then move downstream to a d€eper section (Section
8). Th6 tirst surv€y at high wat6r will show a giv€n number ot crocodiles in section B. The
second suruey, at low water, will show that there has been a msrked increase in
crocodiles in Section I and a marked decrease in Soction A. One may f€el that this is
obvious and any fool can figuf€ out what has happened - but th6 picture may become
more complicated if incomplete. In the scena o above, for exampl€, lack oI sLrrvey funds
may m€an that ths shallow (crocodilg-less) section {Section A} was not survey€d and the
resultant conclusion is that th€ population is healthy and increasing in S€ction B. This may
not bs th€ situation at all and in a case like this local knowledgo would be invaluable.

Riv€rs that have not been seen before from the air may prov€ to be totally unsuited to
a€rial survey and funds sp€nl on including them could b€ used to far greater advantage
6lsewher6. For example, the riv€r may hav€ a dense overhanging riverine lringe or be a
myriad ot small swampy channels coversd in aquatic vegetation. Swamps are usually poor
candidates for a€rial survey to count caocodiles.

Another problem is how to cov€r ths habitat. Again, if the suNey is to be us€d to establish
trends, then it may not b€ as much of a problem if the survey aim is a "total" poputation
6stimate. To establish trends the surveys n6€d to b9 repeatable. lf the river is wide (€.9.
1km or so)there are s€veraloptions available. One could el€ctto survey a single bank and
extrapolate tor the other bank (sxtremely dangerous as crocodiles are seldom evenly
spaced within a habitat). Ahernately one could fly down the centre of the riv6f and count
both sid€s simultan€olsly. This has its own set ol problems which includo centrally placed
sandbanks {not s€€n as th€y are directly under the 6ircrafl) and getting too lar away from
one or both banks making spotting dilficult. lfthe river is narrow then it could be surveyed
on a singl€ pass with counting from alt€rnats sides of the aircratt (make sure that the
obs€rvers on th6 sid€ away from the river are not counting as well if the double counting
method is b€ing us€d).

Asae alsurv€y is based on the assumption that crocodiles emerge from th€ wat€r to bask
during the day, the time of flying is important. As an example, a survey of a small section
of the Rufiji dver in Tanzania showed a density of 7.2 crocodiles per kilometre when
suNeyed at 0930 hours and a density of 2.7 pgr kilometre when surveyed at 1230 hours.
The best tim€ to spot crocodiles can also vary with local conditions. lf the area is
extremely hot th6n the animals may bask 6arly and return to th€ water by mid-morning.
Conversely an overcast day will mean that they may spend a longer period out of the
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wato, (overcast conditions, however. are g6n6rally considered to lessen th€ chances of
spotting crocodiles from an aircraft - albeit this has not been tested statistically). The
impo.tance oI this becomes obvious if the swvey is a wide ranging one with long transit
iim€s betlve€n thg airfield and th€ riv€r. Sometimes it may be impossibl€ to survey at
optimum times. It the survey is part of a s€ri6s tor €stablishing trends th€n it is important
to adive at the tivet and stan the survey at the same time to the previous surveys.

Equlpment

A range ol aircrstt can be used for a6 al survey to count crocodiles. The Cassna 180,
Csssna 182, Cessna 185 .nd Cessna 206 {esDeciallv it th6se have a Robertson short
tak€oltand landing - STOL - conv€.sion asthis givos the aircraft a lower stalling speed and
allows it to lly at a slow€r spe€d) have prov€d to be particulady useful. Perhaps one
roason for th€ popularity of thes6 aircraft is their availability in Africa. Another r€ason is
that thes€ are all single engin€d, high wing sirc.aft. Th€ 180 and 182 are lour seater
aircralt while the 206 is a six s€ater. Again this can inlluence the dssion ol the survey.
The Piper supeFcub is another aircraft that has been used on some surv€ys. H€licopters
are usually far too exp€nsivg and consgqu€nlly ar€ not often used. In any case, Parksr and
Watson (1969) r€ported that there was little advantage in using th€m. The use of
microlight aircratt has yet to be widely applied in crocodile survsy in Africa but they hold
gr€at promis€. One disadvantag€ is that in sutueys coveing larOe areas th€y would need
to b0 transported by vohicl€. Also, the results from suNeys carried out from microlights
may not b€ compatible with surveys done with mo.e conventional aircraft.

Maps are essential for any suryey. Unlo.tunat€ly in some parts of Africa these may be a
problem as under-fundod "Survoyor General" oflices often are without stocks. The scale
ot th€ m€p used d€pends again on the objectives of the survey. lt is usually best to get
1 :250 000 maps of the areas for basic navigation and then to see if 1:5O OO0 maps are
available lor the actual surv€y. On long rivers the cost of a s€t of 1:5O 000 maps can be
high.

Global positioning systems are now readily availabl€ and ale below the US$ 1 000 mark.
Their main advantag€ isthat it is possible to have an "unlimited" number of samples within
a stratum. By this I mean th6t, on the first survey. the recordor can assign the sample
boundaraes by recording them a9 numbered points (called waypoints in GPS terininology)
within th€ GPS memory. lt is not n€csssary to use physical f€atures such as a sharp bend
or a watedall etc. as th€ sampl€ boundaries. On the second sury€y, if one wants ro use
the same samples then a dedicated GPS operator will be need€d as it is ohvsicatlv
impossible to k6ep track of th€ waypoints and count crocodiles at the same time. Thejt
main disadvantage is relianc€ on a machine lor navigation and, if it fails for some reason,
the record€r may not be able to locat€ his exact position immediat€ly. Two important
requirements to check are that therc are sufticient fiee waypoints lor recording and that
you have spars batt€ri€s. Familiarisation with th€ machine beforo starting the survey will
h€lp to r€duce mistakes. A GPS with a detachable aerial will b6 morc usefulthan one wtrn
a built in a6 alas it can b€ h€ld on your lap. A GPS with a built in aerial usually needs to
b6 plac€d on the dashboard and this means that it must be read lrom a distance and ths
record€r has to lean forward to €nter wavooints.

Personnol

Good pilots are an asset to any suru€y. ldeallythe pilot should be a biologist with sufficient
exp€rience and confidence to fly at slow speeds clos€ to the ground and to undertaks tight
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"el€vator" turns. In som€ cases it is possible tor the pilot to double as an obs€rv€r, but on
many su.veys this has not prov€d to b6 practical.

The choice of observ€rc csn slso hsv€ a bea ng on the suavey. P€rsonal exporienc€ has
l6d ms to beliov€ th6t it takes som€ time for a crocodile 's6arch image" to be lormed
(vsrying from heads to whol6 bodiss). The easi€st crocodile to see is one that is diving into
th€ water from a bank, Obs€.vers €xperienced with large mammal counts on open plains
t€nd to miss a lot ot crocodilos wh6n thev first stsn crocodile surveys. This could also be
partly due to searching in the wrong plac€s (6.9. crocodil€s can rest partially submerged
onth€ downstream sid6 ol sandbanks and tha obsorv€rs may bo concentrating their search
on th€ river banks).

W€ have found that the recorde. and/or coordinator of the suruoy should sit behind the
pilot as he willtend to favolr his sid6 in the turns.

ocsign

Any count oI a wild population will always record the minimum number of crocodiles
within a given habitat. From this numb€r an €stimate of th€ population can bs calculated.
It will n€ver give th€ re6l total. "TOTAL" counts are an attempt to provide an estimate ot
crocodil6s along a given stretch of vor or lake. SAMPLE counts take results from small
sections ol the river and €xtrapolate th€m to th€ wholo river. Sample counts have the
advantage in that they ars easier to manipulate statistically than total counts. The quality
of an estimate can be assessed in two wavs, related totheir PFECISION and ACCURACY.

PRECISION

lf th€ survey is to be part of a seri€s aimgd 6t monitoring trends then it must have some
measure of precision. Counts are precise if they give similar fssults on different occasions.
These results may not be close to the realtotal. The measure of precision is usually the
co-efficient ot varjation or CV. The CV is the standard error of a count expressed as a
p€rcentage. A CV of between 5o/o and 15Vo is considered essential in order to monitor
changes. Large CVs will mean that only drastic changes can be detected. In the following
account the ideal way of conducting a survey is outlined.

. Stratirication of the iver

Crocodiles are never spread €v€nly along a body oI watsr, be it a swamp, lake or river.
Th€i. d€nsity will be affgct€d by the physical characteristics of a riv€r, thg human
population donsity along riv€rs or lakos.lh€ protection category ot the land through which
th6 rivg. passes, the exposure factor of a laksshore to the prevailing winds etc.. lf allth€
samplgs are clumped together then the CVs will be large. The practical implication of this
is to stratity the ver into sections of (hopefully) samilar densities. Here again local
knowledge of the water body in question wolld be invaluable.

a Sampling fnction

The sampling {raction is the percontag€ of the length of the fraction that is sampled. Of
allthe factors which can b€ manipulated during the planning phase of a survey this may
have the strong€st intluence on the CV. The CV decreases by the squa.s root of increased
fraction of stratum samDled.

249



. Stratutn length

For 6 giv€n sampling trsction the CV decr6ases by the square root of increasing stratum
sizs. As th€ stastum sizs is fixed (usually in th€ planning ph6se) 6 larger sampling fraction
has to be sppliod in smaller strata to achieve a giv€n target CV.

. Number of samples

The greatsr the number of samples the narow ths conlidence limits will be. A stratum
should be broken up into as many samples as possible. This is made easier by the use of
GPS rather than by navigation on the physical fgstures of the river.

. Crocodile densitv

Th€ CV is proportional to crocodil€ density and ar6as with a high density require a large
sampling fraction in ord6r to achiove a tafget CV.

ACCURACY

Th€ closor an estimate is to the actual number ot animals in an area the more accu.at€ it
is. As w€ cannot know the true number of animals in th€ area we estimate the biases that
are inherent in a surv€y. The bias is simply th€ differ€nce between the true number and
th€ gstimato and is b€caus6 on6 can n6ver seo all the animals in th€ area (and even if vou
did how would you know?).

In crocodil6 suryeys th6r6 ar€ two typ€s of bias - OBSERVER BIAS and CONCEALMENT
BIAS.

ObseNer bias

Observer bias is usually estimated using the double counting method (Magnusson,
Caughley and Grigg, 1 978). This method requires that two spotte.s sit on the same side
of lh6 aircraft and observo indspendently. The obsetuer/recorder records three cateoones
of sightings:

. C.ocodiles seen by himself only

. Crocodiles seen by the other observer but not by himselt

. Crocodilos s6€n by both observers.

This is possibl€ by having the other observer call out his sightings to the obs€rver/
r€cord€r. lfthe observ€r/ recorder soes the crocodile(s) thatth€ observer is indicating th€n
th€y a.6 assign€d to the category oI "seen by both obs€rv€.s'. lf the obseryer/ reco.dsr
sees the crocodilo(s) and the obs€rv6r does not indicate o. say anything then they go into
th6 catogory of "seen by himsalf". Finally thos6 sean and indicted by th€ obssrver to the
obss.v€r/ recorder who would not have seen th€m if thsy were not pointed out to him go
into th€ cat€gory of "sgen by the other obs€rver but not by hims€|t". Experience shows
that the observer/ recorder should sit behind the observer as it is easior to see the
observors hand movgmgnts when he is indicating crocodil€ sightings. lf the observ€. was
behind the obseNer/ r€corder h€ would have to tao the obsery€r/ recorder on the shouro€r
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In a six s€at6r aircralt this can araangoment can b€ on both sides oI the aarctaft; in a four
seater it is usually only on the right hand side unless the pilot is sultici€ntly skilled to
doubl€ as an obse.v€r.

. Diving and concealment bias

This usually is not paft of an a€rial survey but some intormation does €xist to allow an
adjustment fo. th€se biasss (Hutton snd Woolhouse, 1989). lf it as at all possible to do
a spotlight count some €stimate of bias for 6 giv€n section of ver can be estimated.
However, iI the aim of th6 survey is monitoring of trends, then a bias estimate may not
be necesssry, In at|y cass, spotlight counts do not r€veal all the animals (only a greater
proportion) 5s thsy su{fer lrom diving and conc66lment bias€s as w€ll.

Rocording aod R€poning

Th6 imponanc€ ot reponing cannot be ovef omphasised, especaally if the surveys are to
b€ paat oI a se es. Several copies of the report should be lodged in relevant places such
as the Oirectors offic€, th€ research division and any other int€r€sted bodies 1e.9. WWF
or IUCN etc.). As much relevant intohation should be included in the r€port such as time,
w€ather conditions, coordinat€s, observers etc. This helps luture researchers in their
attempts to replicat€ th€ survsys. lt also helps if a re-analysis of the data needs to b€
carried out - often the surveys ar6 und6r a strict deadline and the data may benefit from
a more leisurely re-analysis at a later dat€, Th€r€ is nothing more depressing than to try
and figura out what happehed five yea6 previously from scraps oI papsr and fading
memones.

INTERPRETATION AND ANALYSIS

Tandam Counts

Tandem counts are usually analyzed using a method proposed by Magnusson er a/ {1978).
The population estimate (N), observer bias, the variance (V) and the coefficient of variation
(CV) are calcul6tsd by:

the va anc6 with:

and the cv by:
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Sj = crocodil€s s€6n by the observ€r
S, = crocodiles seen by th6 obsotu€r/rocorder
B = crocodiles s€en by both,

Samplc Count!

Th€ Cv is ostimated by first calculating Sd' withi

s, = E a2 -E- -tl\ lo

where:
d = density of th6 sampl€s
n = number of samples

The variance of the count {V) was th6n calculat€d byi

Z = total length surueyed
n = number of sampl€s

and th€ CV calculat€d by

v*N=l|)se

I{ltoocv-

V = variance of the count
N = number of crocodil€s

DtscusstoN

As a general observation it could be stated that a€rial survey as a tool to count crocodiles
and $timate population sizes i9 on shaky scientitic ground. The problem is that
managoment decisions need to be made. Th€r6 is usually nsver €nough money or time to
caffy out €xt€nsive surv€ys of crocodile habitat and it as b€ft6r to havs the d€casaon maoe
on som€ aeraal suryey data rather than on no information st all,

Surv6ys that are part of a sori€s to establish trends a.€ g€nerally more useful than ,'once
ofl" surveys. However, initial "onc6 ott' surveys, aim€d al locating good crocodilg habitat
Ior the tlEnd surveys may be necessary, That one should consider all surueys as part of
a se es aimed al establishing trends is a good attitude to have.

Essentially, in surveys aimed at €stablishing trends, on6 tries to standa.dise as many
variables as possible and th6 main ones are listed below:



a Same aircraft tvDe
. Same oilot
a Same observers
a Same timo of year or water lsvgl
a Sam€ time.ot day.

With the advent ot the GPS it is possibl€ to surv€y the wholg length of a river which is
th6n broken down into continuous samplEs. Random ssmplos can th€n b€ chosen from the
continuous samples. ls this I statistically valid method?

What 6bout grouping s€mples ot similar d€nsiti€s7 e.g. all samplss with densities of below
1 croc/km. lsn't this stratification in hindsight?
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THE REPRODUCTIVE EFFICIENCY OF THE
NILE CROCODILE (Crccodvlus nllo cus)

IN SOUTHERN AFRICA

J. Marals, G.A" Smlth and B.D. Borgelt

Crocodlllan Study croup ot Southern Atrlca
P.O. Box 480, lrene, 1675
Republic ot South Atrlca

The reproductive cycle of the Nile crocodite GlggAdyjus_dlglqq$ has been
descn'bed in various publications.

ABSTRACT

The reproductive efficiency of the Nile crosodile (Crocodylus nilotcus) in captivity will
be -addressed. Attention will be paid to factors influencing th€ reproductive
performanca of female crocodlles in two captivsbreeding operaiions. The effect of
efficiency of reproduction on the success of commercid units will be highlighted.
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Se)(ual maturity, accoding to Jacobsen (1989) is reached when the crocodites are 2
t? .3 m.bng: weigh 70 to 100 kg and are twelve to ffte€n years old. Koiron (1990)
:tates thal afthough temales may start laying at seven years of age, sexual m;tudty
isonly attained after they reach a total length of about 2,62to 2,87 m. Males, onthe
othsr hand, reach s€xual maturity at a length of 2,7 to 2,95 m.

Haller and Haller (1992) also mention that females may stad laying at seven years ot
age but that high hatchling survival rates wers eeerienced whe; iemales laid their
frst clutches at the age of twelve to thirte€n yeaG. According to Thorlljamarson
(1992), sexual maturity is reached when the female is approximitely 2,5 m long.

With regard to clutch sizes, the tollowing is summarised fiom the literature: pitman,
in Cott (1961), examined Z/5 nests in Uganda and iJund a rang€ of 25 to 95 eggs,
wrth 3n_ averagg of 60,4 eggs per nest. pi€naar (.1966) mentionl 40 u 75 eggs per
clutch for the Kruger National Park in South Afiica.

According to Modha (1964 clutches varied from t4 to 4t' eggs (mean 33 eggs) for
Lake Rudolt. Further data fom Cott (1969), this time from 123 Ugandan nests,
reflected a mean of 55,4 eggs per nest.

Neill (1€71), on the other hand, irund that clutch sizes varied from 25 to gS eggs per
nesi with an average of 55 to 60 eggs, depending on locality. Taylor (.|973) reaorted
clutch sizes varying from so to 81 eggs wjth an average ot os egls ftim 1ai ctutches
in Botswana.

Bjake (1974) found that in Zimbabwe the number ot eggs p€r nest varied trom .14 to
77 with an average of 45 eggs per nest. A total ot 19, clutches were examined bv
Pooley (1982) in Zululand with a range ot 1g to 73 eggs, the mean being +5.
Jacobsen (1988) states that temates tay t6 to gO (usually,tO to SO eggs).

Hailu (1990) examined clutches over a tive year period in Ethiopia and noted rhat the
average numbers of eggs per clutch per year were 36,5: il4,l; ztg,g; 46,3 and 38.
Loveridge, Hutton and Lippai (1992) tound that mean clutch sizes at Mwenoa tn
Zimbabwe were mostly betwe€n 40 and 4U. At Ruziruhuru in i96Z the mean ctLrtch
siz€ ol 31 nesG was 42,0 r '1.6. This rEmained tairly steady trom 1976 to 199.1,
although the trend moved downward from 49,8 r 4.4 in 1976 io 43,7 r 3.0 in .1990.
The mean cluch size ior Deka lrom 1969 to 1991 was ito,4 t .1.2.

Thorbjamarson (1992) states that females lay an average of SO to 60 eggs.

ln captivity, according to Marais and Smith (1988), females produced 94 to
7l eggs with a mean of 50,14 in 1996 and 34 to 75 eggs in 1987, the mean oerng
53,5 9SS:. Captive bred females younger than 16 years of age averaged SO,g3 eggaper clutch over two seasons whereas matur€ wild_caught lemates iverageO SS,ie
eggs per n€st during the same two seasons. In Smith and Marais (1990) it is
reported that on icur commercial tarms in South Africa the average numblrs ol eggs
per cldch were 39, 43, 50 and 52.
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Data on egg sizes is also contained in various publications:

Pienaar (1966) d€scribes eggs sizes as measuring about 50 by 80 mm.
Modha (1964 found that €ggs from 15 clutches vari€d from 55,5 to 89,0 by lB,0 to
54,0 mm.

Pooley ('1982) examined twenty clutches in Zululand and iound that egg sizes varied
ftom 56,0 to 90,0 by 46 to 56 mm. Some freak large eggs were also bund

Data on egg weights is as follows:

Modha (1964 r€corded weights of 76,0 to 133,0 grams while Pootey (1982) sampled
tive clutch€s in Zululand and found that egg weights rang€d iom 91,0 to 128,4
grams. Haller and Haller (1992) reported that the first non-viable eggs had m6an
weights of only 46,7 grams as opposed to the 65,8 grams ofthefirst viable eggs laid
by females. The mean weigtrs ot the eggs increased steadily as the females grew
old€r and av€raged 96,5 grams six yearc later. Mean egg weights lor females from
the ages of 13 to 16 years increased lrom 89,1 to 96,5 grams. The mean lrom 442
eggs from the Galana riv€r in Kenya was 88,7 grams.

Data on hatchling sizes appeaG to be more consistent and Cott (i961) gives sizes
at birth as being 28 cm to 30 cm in length compared with Pienaar (1966) who stated
that the young measure from 26,0 to 30,0 cm in length.

Modha (1964 examined nineteen clutches from Kenya and hatchling lengths ranged
from 26,0 to 34,0 cm (mean lengths 26,3 to 32,5 cm).
Pooley (1982) measured 103 hatchlings from five clutches trom Zululand and the
range was 26,3 to 31,2 cm.

The purpose of ihis paper is to establish the reproductive €fficiEncy of captiv€ Nile
crocodiles by looking at pertormance in two commercial units over a two year period.
This data is also compared with that lrom the literature.

Both study units are situated in the Westem Transvaal in South Africa wherc weather
conditions are similar and the crocodiles ars housed in large breeding enclosures
open to the visiting public. Male to female ratios congspond and the crocodiles at
both units are fed similar diets.

The females in Unit A, bar one or twa exceptions, are captive bred and most ofthem
under 16 years ot age. Older and more mature males are housed with them.

Femalgs in Unit B, on the other hand, consist of mature captiv€ bred lemales otoer
than 16 years ot age and are mixed with large wild-caught females trom Botswana.
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We will evaluate thg levels of dficiency in the two units with regard to:

Egg numbers

Egg size

Egg weight

No. of hatchlings

Fertility

Hatchling size

Hatchling weigft

Halchling yield

Female prcductivity

Laying commenced on 25 October during the frst season in Unit A and continued
until 24 November. In the s€cond season, laying commenced and ceased earlier,
with the first eggs being laid on I October and the last on 19 November. ln South
Africa, spring starts in September and summer in December.

Laying started earlier in Unit B with the eggs being deposited on 14 September and
the last on 29 October during the first season. Laying times ior the second season
were vinually identical, beginning on 14 September and ceasing on 29 October, as
shown in figure 1.

During both seasons, more than 52% ot the females in Unit A laid their eggs between
the hours of 18;00 and 21:00 while more than 39,5% of the females laid between the
hours of 15:00 and 18:00.

In Unit B, 60,770 of the females laid between the hours of 21:OO and 24:OO during the
second season while duing the first season only 37,5y. of the iemales laid in the
same period, as seen in figure 2.
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Data on the number of eggs produced in the two units during the two seasons, as
w€ll as data on the number of females laying, the number of nests, the average
number of eggs por nest and the percentage of females that laid during the seasons
is portrayed in figure 3.

Individuai egg mass varied lrom 71,5 grams to 149,6 grams with a mean of 91,4
grams. Egg lenglh and width varied from 60 mm to 90 mm by 41,4 mm to 58,2 mm
with a mean of 69 mm by il6 mm.

Dlta on total egg biomass per clutch showed no clear relationship when compareq
with the size of the female and the biomass varied from 1 , 1 46 grams to 6,082 grams
with a mean of 3,332 gElms. The lemales that produced these €gs varied in length
from 215 cm to 280 cm with a mean ot 2S9 cm. The biomass of eggs, whln
compar€d with thE total weight of a female, represent€d about 3 to 4% of the femate s
total body weight.

Figure 3.

Numb€r of eggs leid

UNIT A UNIT B

YEAR 1 YEAR 2 YEAR 1 YEAR 2

Total numb€r of females 136 136 83 83

Number oi nesls 44 62 62

Average eggs per nest 37,09 36,6'1
12-53

46,A4
34-79

Total number ot eggs 1,632 '1,684 2,904 3,326

% of females laying 32,4 39,8 74,7 74,7

z



It js ol interest to note that a jungle fowl lays approximately twelve eggs per year. lf
wE compare that with a domestic fowl, which is bred from the jungle fowl, we find that
the domestic icwl produces about 280 eggs per year, each weighing in the region of
50 grams, whereas the female w€ighs in th6 region of 1,6 kg. Each egg produced
wgighs abod 3% of the total weight of the icwl.

This great number ot eggs laid by a domestic iowl in comparison with the jungle
itwl's lesser produca leads ono to speculate that a similar result may be obtained
from captivebr€d crocodiles. A practical endeavour into this, howwir, woutd take
a considerable amount of time and patience knowing how long it takes for th€ temale
crocodile to reach sexual maturity. Still, it is bod ior thought.

Moving from conj€cture to fact, the following information in figure 4 is more relevant
to the producer,

It is evideri that the number oI nests and the clutch sizes depend on both tne stze
and maturity of the females, as well as lactors such as enclosure design, weather
conditions, diet, sex ratios, available nesting sites, stress levels, and to a larg€ degree
management rggimes. lt certainly does not appear as though the presence ot visitors
has any influence on laying.

Fertility may also be influenced by the factors just mentioned. Hatchability, on the
other hand, could be influenced by egg quality and the collection and handling of the

Figure 4.

UNIT A UNIT B

YEAR 1 YEAF 2 YEAR .I YEAR 2

Total number ot eggs 1,632 1,684 2,904 3,326

o/o Fertility 67,1./. 86,4% aa,7% 44,6%

% Hatched ol total 49,e/o 67,6./o 42,6% 41,776

o/. Hatched of fertile eggs 73,1% 7A,e/o 93,1./. 96,6%



eggs as well as incubation.

An analysis ot egg yield and bmale productivity is summarised ln figure S.

Figure 5.

UNIT A UNIT B

YEAR 1 YEAR 2 YEAR 1 YEAR 2

Hatching yield per laying female 18,18 24,78 38,68 43,42

F€male prod uctivity index 5,88 8,38 28,89 32,73

The hatchling yield p€r female relatqs only to the females that produced eggs
whereas the female productivity index is a reflection of the number of hatchlings
produced lvhen compared with the total number of mature temales housed in the unit.

Hatchling data was only available ior Unit A and their lengths varied lrom 26,5 cm to
30,2 cm with a mean length of 28,1 cm. Hatchling weights varied from 42,7 grams
to 61,7 grams with a mean weight o154,9 gtams. These hatchlings arc much sma er
and weigh less than those produc€d in Unjl B.

DISCUSSION

Sexual matudty in th€ Nile crocodile is attained at th€ age of twelve to filteen years
when the temalos are about 2,5 m in length. Even though femal€s as young as seven
years of age, sometim€s not even two metres in length, may produce gggs, many of
these eggs are not viable and hatchlings from such €ggs are very amall. The
mortality rate amongst such hatchlings is very high.

From the literature it appeaG that there is great variation in clutch sizes, with anything
from 14 to 95 eggs per clutch being reported. The averag€ number of eggs per
clutch also varias quite considerably, lrom gg to 45 or as many as 60,4 to even 60.
Most authors, however, consider the aveftrge to be in the region of 54 eggs per
clutch.

In UnitA the number of eggs per clulch ranged trom I to 66 with an average of 97,09
in the first season and 36,61 in the second season. The range in Unit B was from 3



to 79 eggs with an average of 46,84 in the first season and 53,65 eggs in the second
season. The larger number ot eggs per clutch laid in Unit B can be contributed to
the fact that the females lhers are larger and more mature than those in Unit A.

The eggs produced in Unit A were quite similar in measurements and weights when
compared to fre literature. Although sulficient data is not available for Unit B, it is
known that the eggs laid there were much larg€r and weighed considerably more.

Hatchling sizes also compared favourably with those reported in the literature with a
range ol 26,5 cm to 30,2 cm (mean 28,1 cm) in UnitA. Their weights varied from
42,7 grams !o 61,7 grams with an average weight ol 61,7 grams. These hatchlings
w€re also much small€r than those hatched at Unit B.

Fertility \aas quite poor in Unit A in the first season (67,1ol.) but improved considerabty
by the next s€ason as the females matured. In fact, lertility in the second season in
Unit A comparcd v€ry iavourably with th€ two seasons in Unit B. Hatchability of fertile
eggs, on the other hand, was much better in Unit B during both seasons. One may
ask the question of whether this was purely as a result of management or did the fact
that the lemal€s in Unil A were barely sexually mature also play a role.

The hatchling yield per laying female cleariy indicates that the lemales in Unit B were
more productiv€. In fact, they produced neariy twice as many hatchlings per laying
temale as those in Unit A over the two seasons.

The female productivity index is, how€ver, of greater importance to the producer.
Here w€ look at the number of hatchlings produced per lemale, considering all
mature l€males in the units, whether 1r they laid eggs or not. From this index we see
that the female productivity on Unit A is a mere 5,88 hatchlings per female in the first
season and 8,38 in the second year. The same figures for Unit B are considerably
better with 28,89 hatchlings per female in the first season, improving to 32,73 in the
seconcl season.

From this it is evident that large, mature females are more productive than their
younger counterparts and the iact that many of the females in Unit B wefe mature
when captured from the wild does not seem to have any adverse effect on their
reproductive abilitjes. The larger, morg mature females in Unit B producgd moreeggs
per clutch and the hatching rate of thsir eggs was much better than the results
experienced in Unit A. More than 74o/" ol Unit B's females laid during the two
seasons compared with less than 34% of the lemal€s laying in Unit A.

Record keeping on a commercial crocodile is of vital importance and the producer
must know which lemal€s are laying and what results are achieved with such eggs.
Should the owner of Unit A wish tjo produce 5,000 hatchlings per season with a
temale productivity index similar to that experienced to date. he would have to
maintain in the region of 600 mature females. Unit B, on the othEr hand. woulo neeq
about 150 temales of the same age and quality of those presenfly maintained if 5,OOO
hatchlings are required from them.

The cost implications of this should be clear to the commercial crocodile farmer.
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SEASOIIAL CHAIIGES OF SPBRI{ I{ORPHOLOGY AID RTPRODUCT]VE
TRACTS OF CROCOpvr.us STAUE!5L!!

Y. tr i t iyrnant*, P. YounEprapakqln***, C. Sondthqygesin*,
c. Tocharus**, X, Jaruansucan--, S. Junpreserd"l and

K.  Pavasu th ip r i s i t  -

* DopartDent of Anrtony, Faculty of Science, end'-Insti tute
of Scienc€ and TochnoloEfy Dcvcloplsnt, l{ahidol Univelsity,
Bangkok 10400, Thail lnd.

" 'Sarutprakarn clocodi16 FarD and zoo, sasutprakarn,
Thailand.

Succcssful bleading of crocodil ians in captive
requi.rc thlough knowlsdge of leproductive bioloBy. The
basic-aanua! rcproductive cycleof f lesh-sat6r crocodile
(C?odddwfds Eif lgDgig) ttas not b66n t.or 'k.d out. The present
studi,es tters d€sig[ed to coDpare the norphology of
reproductive tracts and spelD of clocodile in breeding and
non-brecdinl l  scaBon. T€n Datuled clocodilea r€re sacfj. f iced
in wi!rts!, suDDcr and lainy seaaon. Spet[ f toD 3 parts of
th6 epididyDis t.€re aspilated by lE-gaug:c ne€dle. The
e lectroaj acu 1at ion for aeDen collection raaa dooe in blsading
season. tostis, epididyniE and spcrtratozoa welc process€d
fo! histologieal studics. SperDatol lcncsis bell ins in ?inter
(breeding soason). There wcrc a rapid incrsase in sperDato-
cyte6, spellat ids, and nuaerous spellatozoa naa d€neely
gacked in the selinifglous tubulea, The reiBht of testes
ale lapidly 10 folda inclease in tr inte! coDpared
breeding Beason. Lsydig celIs appearEd inactive

to
in

non-

breedinE seasoo. Sode epelbatozoa at i l l  leaained in caudal
p a r t  o f  t h e  e p i d i d y r i s ,  T h 6  € p i t h e l i u D  o f  a l l  3  p a r t s  o f
€pididydis r .ere act ive in breeding period. The spelhatozoe
of both bteedinEl and non-breoding season nere not di f farent
in lorphology. The lesulta indicated that leploduct ive
a c t i v i t i e 6  o f  t h 6  c l o c o d i l e  t € a t e a  c o i n c i d €  i n  a l l  t h r g E
seasona. To elucidatc the tedporal  cycl . ic i ty rc lat ionship
thlouEhout the year and to det€reine r.hen the cycle actual ly
begin, blood aaDpLes and correlatsd olglane Day f lequent ly
col lect for int6lpr6tat ion of changos in horDonal levsls and
t i s s u e  h i s t o l o g y .

Rey l lords :  C- siaiensis,  seasonal chanl le,  sparnatozoa,
c ! o c o d i l c

INTRODUCTION

B!e6ding of rept i lss requir€E ski l I  and i t  r .s
necessaly to understand thc relcvant rcproduct ivc data. The
test icular l le lninel  epi th€l iul t  chent las i ,n Ratra tenpola- ia
have shown to bc sensi. t ivc to thc saasonal ly horDonal
changos, being leest 6ensit iv6 during the autuon and r. inter
a n d  l o s t  s e n s i t i v e  d u r i n g  s p r i n E i  ( 1 ) .  I a  t h €  D a j o l i t y  o f
f ish and aDphibian species, fert i l izat ion acculs cxte.nal-
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l y . . I n  con t ras t ,  i n  r . p t i l es ,  b i l ds  and  l aDEe l , s ,  f e l t i l i za -
t lori  is intelnal and scDen Duat bs dgposlted in the feDal.e
reploducti.ve tract. lale and fcDala lcproductive cycl.s ere
not synchlonized in tc[peratute zonc repti les. Alt i f icial
inselination is oftsn aitstptgd highcr in the f€DaI6
t l ac t  t han  occu ra  na tu ra l l y  i n  f o t  l  ( 2 ) ,  co t |  ( g ) ,  c ' | e  (L , ,
goat (5) because of cvidcncc thet fert i l i ty is iDploved,
espgcial ly nhen the seD.n haa b..n stoled, This storage r.s
thought to occu! in f6Dele leploductive t lact (6). The
sulvival of aperD and lechanlsn of epelD stolage in Dal€ o!
feDale reploductive t! 'act, whele the cells lay retain thei!
viabi l i ty for es 1o[! l  as 5-? Donths is st i l l  unso]ved
ploblcD (7,8). During Febtuary, thc teste. of Dale ALL:Li l&Lerp i ss i se ipp iens i s  s ta l t  t o  en la rge  and  becone  La rge r  by
Ap t iL  (S ,10 ) ,  I nDa tu le  an iDa ls  show no  d i . sce rn ib le  seasona l
increase in testicuLar weiEiht and no inclease in size,
thickness and convolution of the ductus deferans and have
extlene1y Lor. level of plasna testostelone (10). There is
no evidence for ovs! winter spe!! storago in the Dal€s.
Art i f i .cial in6oBination in th€ al l lgator tras reported by
Carde i l hec  (11 ) .  I n  t he  faD i l y  c locody l i dae ,  t he  t r l o
species C..codwhs pqlq$ls and C.oaodvrus sitr€nsis a.e
coDlon in Thailand. l lor..ve! C- siaiansis is sore intelesting
b€cause this species is les8 halnful and has becone an
endanllered species in nature. The Danagerent of t  i ld
populations of crocodil ians and successful breeding of
clocodil iana in captivity requile through knorledge of
reproductive physj.oloEly and an undelstanding of the environ-
t€n ta l  f ac to rs  regu la t i ng  the i r  b reed ing  cyc les .  The re fo re ,
tb€ purposss of th€ present studies re.6 dcsi l lned to inves-
t igate the roproductive cycl icity of nale clocodile on tr le
aorphology of reploductive olgans, and to study the ult la-
structule of epididyEal and ejaculated crocodile
eparDatozoa.

IIATBRIALS AND ITETHODS

l{a1e clocodi16s (C'oco.rwruF S.i-ers!,siE) eere
capturcd froD salutprakalr i  Crocodile !ar! and Zoo
SaDutprakeln ploviac€. Ths E.iEht e€le about 30-50 ke.
They *ere Lcpt in the pen and t 'h€ anbi€nt telperatu!€s were
20-35 _C. B.cause crocodiLe is a seasonal brcrdiaEl anidal,
th€ brecding season is in winter ( l lovcdber to !€btua!y). In
auDrer ( l{arch to Junc) and lainy season (JuLy to octobcr)
ale out of saason. SeDen that r|as obtaj.nod by elactloejacu-
Iation dulini l  r intcr by usinl l  a lectal probe, lubricatecl
t l i th K-Y j6l ly and inserted apptoxiaatcly 20 cD into tne
cloaca. Blectr ical curlent was gencrated by a Eenerator in
4  se r ies ,  each  se r ies  o f  20  pu l ses  o f  I  t o  25  vo l t s  r i t h  a
range of 25 to 25O aA. Electl ical curlcnt r|as val ied f lor
aniDals to anilals. Ejaculat€d ssd€n sas exaDined for th€
plesence of 3pellatozoa by a l ight Dicroscope. The croco-
di les ra€re sacrif iced each s6a€on. The cpididyoal sperDato-
zoa were obtained fron caput, corpus and cauda apididydis
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palt by using 18 gaultc needle Pithdrar.n as Duch seDen aa
poasible. Sp.lnatozoa . l .sfe concsntrated by cont! i fugation
rnd !.suspended in 2.52 glutalaldehyde in 0.1 ! l  cacodylate
bu f f s !  (pH  ? .4 )  t  i t h  2Z  tan [ i c  ac id  fo !  a t  l eas t  4  h r .
Aftc! 3 Bashes in cacodylate buffer, they r.ere posLfixed i.n
1z Os.iu.tet!o:( i .dc fo! t  h!. Dohydlation tas don6 throullh a
gradcd ethanol and fol lot.d by plopy16nc oxido twice for 20
Din. Inf i l trat ion r i th l ixturc of pro9yl6ne oxj.do and
araldite rcsin ov6fnight. Tb€ sgecilen ras elboded in the
alaldite resin, sectio[ed with a Sorva]. l lT-2 ult laDiclotoDe
and stei.nod pith uranyl acetate. fhe Elids were viesed t i th
a Hitachi :  HU-11-C Ta .

Fo. SE}l, 896!n afte! f ixation irere suspended on
glass coversl ips raith i lraded cthanoL eefj.es. The covorsl iPs
r.erc plocesaed unde! cri t ical point dlycr (Hitachi HCP-Z)
and coated with Eold 1.4 kV, 12 trA (Palaron 8-500) fo! 2.5
Din. Thc photol lrapbs r€le tek6n r. i th Hitachi 5-430 SEll.

Tcstes and thre6 pelts of epididyDis f loD
sacli f iced clocodileE rere process€d for routine histologi-
cal studies i .n paraff in aectiona and stained eith
haeDatoxylin and eosin.

RISULTS

The testis of crocodil .e in brgedindi Eeason is
lfreatly enlarged. the weight of one teetis is ranBe frob E0
to  g0  g .  t he  s i ze  o f  a  tes t i s  i s  10  to  15  cD  1ong ,  5  cd
wide and 4 to 5 ctr in thickness. Ihi le i . t  is decrease
approxinately 10 t ines in Feil tht in non-breedinEl season.
The  s i ze  o f  non -b reed j .ng  t cs t i s  i s  4 .5  to  5  cD  Long ,  1  to
1 .5  c !  r . i de  end  ebou t  1 .5  c !  i n  t h i ckn€ss .  The  tes t i s  f roD
L study reveals that they are in active phase in Finter.
The testis is largely Dade up of closely gacked large
seDiniferous tubule (300 to 480 J.l  in diaDetcr). The sperBio-
Elensis is found to paas throuElh various stages (Fig. 1A,,
and spellatozoa are f i11ed in the lunen. leydig cel. ls are
observed aDong the seDiniferous tubuLes. They are quite
active in breeding period and Lcss active in non-brecdini l
(F ig .  1C , lD ) .  I n  non -b re€d in t i  t e6 t i a ,  t h€  tubu les  a re
quite sral l  (100 to l5O rr in dianste!) end cotrpose of only a
fetr ]ayers of ! le!n ce1ls eonparing to in breedi.nl l  season
tee t i s  (8 i8 .  18  ) .

Threc parts of epididyEis are sepalatcd by their
locations. The caput, corpus and cauda .pididjrais (! ig.
2,A-C) arc I ined nith pseudostrati f iod cl l iated coluDna!
epitheliuu co&posed rainly of the principal celIs. Thc basal
cc1l.s ale at the baee of the epithcl iut. The epithetiut is
thicker in caput and cauda paits than corpus epi.didyDis. In
cauda €pididynis the epitheliu! j .s foldcd. AII thr6e parts
are f i l led t. i th 1a!ge apelD Eass Fhcn they ale in b.eeding
ssason, but sperD Dass dlsappealed in non-breGding agason.

By SEll study, (Fi8. 3) th6 spcrratozoa of CIA"cadL_
ItrS sianensis is a vcrDiforn appealancc about g? to 110 Jl
IonE. It  consists of the head, Didpiccc, pr. inci l 'al piece
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and .ndpi6ce, The head is 20 to 24 p Lone by 1 to 1.5 , lr
wide at the la!8est diaDeter. l l idpieee is shorter than tne
head !6gion and sulrounded by a dist inct surfac€ labulations
o f  l i t ochond l i a  ( t i g .  3D) -  I t  i s  app lo r iDa tc l y  5  to  6 . r l
froD the conncctint piece to the boginning of th€ principal
piece. The tai l  region (p!i .ncipa1 and end piec€) i6 Lorgcst
of al l  the rel l ions, the l€ngth is about 65 to E0 !. I t  was
doralcated fro! the Didpiece by a constrict ion as shoeD r.r
F ig .  38 .

The spellatozoa obtained fro. epididy!is of bleed-
inlf scason crocodi. les are not differ froD that obtained froD
non-breedinEi season. Although only a fan spslsatozoa can be
obselvod in th6 beginning of suDDe!. The ap€lDatozoa taken
fror those thrce parts of the apididytr is contains a cyto-
p las . i c  d lop le t  (F ig .  3A ,38 ,  3C) .  t h6  cy top lasd i c  d !op le t  1n
clocodilc is sphelical with dia[ete! of approxi lately 3 ]
and arc found at diff€rent locations ft 'on ths postel ior half
of th€ head, around the neck, the connecting pott ion and
alonll  the nidpiece. The surface of the eytoplasdic dloplet
ia consisted of Darny slal l  sphericaf lobulated structures or
onLy two or thlee lobuLes. Sobe spernatozoa shots detached
cytoplesdic dloplet.

Drscussl0tr

Reproductive cycle of clocodile was synchlonized
!, i th seasonal chanltes and autlounding envitonnent. Annual
tep roduc t i ve  cyc le  o f  A -  n i ss i ss ipp iens i s  i n  Lou is iana  has
been  s tud ied  by  nany  i nves t i ga to rs  < t2 ,L3 ,L4 ) .  Du l i ng
February, the testes of al l i .gators start to enlarge, they
are larl ler by Ap!i l , / lay and the teeticular regression begins
in  D id -June  th rough  Ju l y  (9 ,10 ) .  The  p resen t  resu l t  shons
vely active sperDatogenesis in nid-D6ce&ber. The Lalge
diaDete! seDinifsrous tubules in breedinE season consj,st of
pr] 'Dary eperDatocytes, secondar.y sFe:i l tatocyt ea , nulerous
spsraatids and sperlatozoa. It  caufscs th€ increase of
gerD leyers in the tubulee by the inf luences of l lonadotro-
pins. Al l igatols e:.hibited a Darked tosponse to DatrDaLian
LH-RH (15) Irhi le Dal€ tult le, Ch]cIs€lys gicLq, on the other
hand, showed no inclease in gonedotlopin or testosterone
after injections of LH-RH. The leydid ceLls in the croco-
di le indicats thc high ectivi. ty by LH. It  should be
annualy conpared of the plasna testostelonc leve1s t. i th the
spernatogenic activi. ty and also the associati .on of nating
bchav j .o r .  } l esnc !  e t  a l . ,  1993  (16 )  f ound  tha t  16yd ig  ce l l s
in turt le are activc during the phase of r ia*i[uB testicular
6nfalgclent and are in fact th€ Dajor source of testoster-
one. leydig cel ls in turtLe have potential to becoae
steloidoEenic at eny t i le of ths year (1?). During
tcsticular leElession in crocodile, the diaretet of seninif-
erous tubulea dccrcases. It  has a thin {a11 of tubule and
has only 4-5 layels of €pithel iuD and contains fcser sperna-
tozoa in the lub€n. ?he intelst i t iuD is coDposed Daj.nly of
connective t issue. The saDe evidence raas observed in
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all igators by Lanc. 19E3 (10). The l"ydig cel ls of the
prcsoDt atudies are obselved to be l ixcd of BoDe active and
the D!. jof i ty of j .nactive cel ls alona the inactivc
aguiniferous tubules. I t  is possj.ble that the clocodile
Dat. ing b6havio! could be stiaulated in non-breodinl l  season
corlelatod pith the function of the r.rain active leydig
cells. I t  is knotrn in leydi.d csl ls of turt le to contau
tubular or SER at aII t i .es (20). The t.chrnist of gonadal
teglesaioa iE st i . I l  unknoFn. Th€ epitheliu! of al1 three
palt3 of thc 6pldldyl ls reveal6 activs function duri.ng
spelDatoltencs is . The luDen of tubul6s containing sperD is
frequently enlarged, and the spell l  Daaaas leDain separate
froD th. waLl. ?he epididynis is the usual site of spelln
Etoral le in postnupti.al lepti le6 (18,19),

5p6liatozoa of both brccding (in Finter) and non-
brerdlng seeson (espocial ly in bcginning of suDDsr and fate
rainy season); rthen deg€nelation of spellatolt€nic epithel i .uD
and in a le[ lenelation of the saDc, are not different j .n
Dolpho1olly- The long and nallow of tho spe!! head is
sl ightly curved l ik€ turt l€ sp6!E and Ei! j . la! to that of
birds, The study of the 66tren pictule is of fundaD€ntal
i [poltaace in the dj.agnosis of lale ste!i ] . i ty. In the f ield
of leproductiv. physiolo€y have leported of several type6 of
abnorDal sparDatozoe and certain typs of iaDature
spelDatozoa. one such type of iDDature sperlatozoa is that
havi.ng a cytoplasBic dlop1et, Rodolfo (21) lepolted the
occurrcnce of sps!! nith dtoplets in the senon of boals
expe!iencing even Doderate sexual activity. Lagerlof (22)
reported that a LarEle nunbe! of these iuature sporaatozoa
in bulls occurs both the beginning of degeneration of tne
epith€IiuD, Green (23) described the presonce of vesi.cular
stlucture at tbe ante!ior end of the ejaculated !a!| sperDa-
tozoa. Roa ard Halt (24) and Baylor, albandov, and Clark
(25) reported f inding the cytoplasDic cap on ejs.culated
sperlratozoa, as t.el l  as on spcrlt  f loD the testes and
€9ldidyDis obtained froD bu11. Th€ cytoplas[ic dlop1et rs
closely associated with the crocodile apersatozoa froD both
epididydis and ejaculation in the p.sssnt study and are
found at dj.f ferent locations. In al l  probabil j . ty,
representing successive stades in the descent of thc drop
seeDed to becoEe orl lanized into a colplct cytoplasl ic
droDlet. l latule spernetozoa and the spcrn l . i th cytoplas[ic
droplet can be found in th€ bleeding scason. Of non-bre€d-
i.ng peliod around the lr inte! the arount of eperD qith
cytoplasDic droplet are observed. It  tray be due to the
sperDiogenesis end !atj .n! l  behavior o! Dult i-egg clutches of
crocodile. I t  is e611. known that in tsipelate spccies,
spelDatoltenesis and oolienesis occut et a€palatc t iDes of the
year (19,26). For C- $.s,De!EiE, the peal t iDes of egg
layinlf vary f loD Apri l  to JuIy. I t  is l leneral ly thoudnr
that C-- Eis.ag.os.iE Busgected of having tto bre.dinE seasons.
The indature aperDatozoa with cytoplasl ic droglets observed
could bc ejaculated at the t i le xhen t. lperature and
photopeliod appear to be optiDal. The double clutching has
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al6o bcan leported fo! soD€ C- pdllE-tfiE arnd ia suspect€d 1n
aode C* EeIgSllE <27). Thc lendth of tine that spelu le6ain
viable r. i thin the fcDale reploductivc tract is unknoFn,
gtoled 6perr are capable of successful. fert iLization, as
re11 aa neFly i .nsgiinatgd apelD. Stolage of spelD r. i thin
th6 ovi.duct of avian (28), and l izald (29,30) lesult ing in
tho production ol thei! lespective garetes at different
t iD€s of the y6ar. SpelD Day be Etoled for as few as 5-8
days in the horsc (31) to 7 y6ara in the snake Acroohd'das
irvahi.us (32). Presunably survival i .nvolv€s spscial
aorpholoEical adaptations of the sperlatozoa, the uterus o!
both have not been exp!.ored in C- sir i .nsis ctocodile. I t
wouLd be intelestinl l  to study the u1tlaEtluctule of the
head, aclosorc status, nitochondria and the axoncDal
arrangenDent in epididynal Eper[, I f  the spern could be
atored in the utcrine tube, phat rould i t  look 1j.ke.
Expe!i lents to test this possibi l i l ty ale currently
perfolued.

REFERBNCES

1 .  Van  oo rd t ,  O .J . ,  and  P .C .H .J . ,  Van  oo rd t .  1955 .  The
reElulation of sperDatogenasis in the f!og. l{e[. Soc.
Bndoc r ino l . . 4  : 25  .

2 .  l l a tanabe ,  X . ,  and  T .  Te rada .  1978 .  A  ne r  d i l uen t  f o r
dcep-freezing preservation of fonl sportatozoa. VIII
Intclnational Congress on Ar! iDal Reptoduction and
Ar t i f i c i a l  l nae l i na t i on  (K rako r ) .  4 :1098-10SS.

3 .  l l e l l ose ,  D .R .  1362 .  A r t i f i c i a l  i nsee ina t i on  i n  ca t t l e .
I n :  I { au le  P .  (€d . )  The  seDen  o f  an i .Ea ls  and  a r t i f i c i . a l
inseBination. CooDonwealth Ata!icultural Bureaux,
Fa lnhad  Roya l ,  EnE land  p1 -181 .

4 .  Fuku i ,  y . ,  and  E . l , l ,  Rober t .  1976 .  S tud ies  o f  non -
surl l ica:. intratrterine inse.ination of f lozen pelleted
aeDen in the el|e. VIII Intelnational. Congress on
Anidal Reproduction and Alt j . f icial InseDination
( f , l ako l ' ) . 4 : 991 -993 .

5 .  R i ta r ,  A .J . ,  and  5 .  Sa laDon .  1983 .  Fe r t i l i t y  o f  f r esh
and frozen-thawed senen of the Angora goat. Austral ian
J .  B io l .  Sc i . 36 :49 -53 .

6 .  G is t ,  D .H . ,  and  J . l ' 1 .  Jones .  1989 .  Spe"n  s to rage  n i t h in
the  ov iduc t  o f  t u l t 1es ,  J -  Uo lpho1 .  1S9 :379 -384 .

7 .  l a t t hens ,  L .g .  1973 .  Thc  f6 ia1e  sexua l  cyc le  i n  t he
Br i t i sh  ho rseshoe  ba ts ,  Rh ino loBhps  f cF r r r -e lu inun
insu'l,nrs BrFett-H.ni lton and 8- !,i!!e-s-id.€l:eE !j.o!trE
Ifontetu. Ttans. ZooL. Soc. London. 231224-266.

8 .  I iDsa t t ,  l l .A .  1944 .  Fu r the !  s tud i cs  on  the  su rv i va l
of EpelDatozoa ir the feDale leproductive tract of tae
ba t .  Ana t .  Rec .  88 :193 -204 .

g .  Joanen ,  T . ,  and  t  .  c l l ease ,  1 .975 .  I o tes  on  the  rep ro -
clucti .ve bioloEly and captive plopagation of the Auerican
a l l i 8a to r .  P roc .  Ann .  Con f .  Sou thcas te ln  Assoc .  Oa t re .
F i sh .  CoDD.  29 :407 - {15 .

10 .  Lance ,V .A .  1983 .  Reproduc t i on  a l l i 8a to r .  p roc .  g th  In t .

2',13



Sylp. CoDp. Endoclioo1. Hong Kong
11 .  Ca rd€ i l hac ,  P .T . ,  H .X .  Pucke t t ,  R .R .  Dsaena . ,  and  R .E .

Laleen. 1982. Proi l less j .n art i f icial inscnj.nation of
the al l igator. P!oc. of the 2nd Annual All igator
Ploduction Confelence, Gaincsvj. l . le, Florida. p44-46.

12 .  Loancn ,  T . ,  and  L .  l l cNea8c -  1972 .  A  te lene t r i c  s tudy  o f
adult DaLe al l igators on Rockefcl l . !  Refuge, Louisiana.
P!oc. Ann. Conf. Southeastcrn Aaaoc. OaDe Fi.sh. Cobr.
26.252-27 5 .

13. Joanrn, t. ,  and L. l lcNea8e. 19?g- ?j-!o of eltg deposi-
t ion fo! the Atrerican al l iEator. Proc. Ann. Conf.
Sou theas t€ ln  Assoc .  F i sh .  T i cd l , .  Ag€nc ioa .  33 :15 -1 .9 .

14 .  Lance ,  V .  t gE4 .  Bndoc r ino logy  o f  rep roduc t i on  i n  Da Ie
rcp t i l es ,  S tn9 .  Zoo l ,  Soc .  Lond .  52 :357 -383 .

15 .  Lance ,  V .4 . ,  f .A .  V I i e t ,  and  J .L .  BoLa f f i .  1985 .
Bffect of naDDalian luteinizing hotDon e-!s lcas inEi
hornonc on plaara testostcrone in !a16 aLligatols, ! . i th
obscrvatj.ons on the nature of al l igator hypothalaroic
gonadotropin-l ieleasi.ng hotDone. e6n. Colrp. Endocrinol.
80 :  138 -143 .

18 .  l { esnc r ,  P . { . ,  I .Y .  l ahnoud ,  and  R .V .  Cy ru r .  1993 .
Seasonal testostglon€ 1evc1s in leydi6 and Sertol i
cel ls of the snapping turt le (C.bgl. ldrA se.pentina) ir.
natural popul.ations, J. Bxp. 200l. 268t286-276.

17 .  L i ch t ,  P . ,  G .L .  B re i t enbach ,  and  J .D .  Congdon .  1985 .
Seasonal cyeles in tosticular activity, Conadotropin,
a'ld thyroxinc in the painted tultle, CtrI:tElIIE
rl igl.E', unde! natulal condit j .ons. OsD. Cosp. lndoctj,no1.
53 :  130 -138  .

18 .  Lo f t s ,  B .  1977 .  Pa t te lns  o f  sg . l da togsnes i s  and  s te ro i -
doElcnesis io lale lepti les. In Reproduction and lvolu-
t i on  ( J . t { .  Ca laby  and  Tynda le  C . l l .  -  B i scoe ,  eds . ) .
Aus t ra l i an  Acad .  Sc i .  Canber ra .  p  l 2 ' l - ! 36 .

19 .  o l l ,  8 .0 .  1379 .  Reproduc t j . vs  cyc les  and  adap ta t i ons
ln Turt 1es : Petspect ives and Res€alch (1. Harless and
H.  l l o r l ock ,  eds . )  J .  l i l ey  and  Sor i s ,  l . l e l r  Yo !k ,  305 -
331  .

20 .  Xah l roud ,  I .Y . ,  R .V .  Cy rus ,  T . l { .  Benn€ t t ,  l l . J .  f l o I l e ,
and D.}l .  IontaS. 1985. Ultafstfuctuz:aL changos in
testes of snappin!9 turt le C!,elgl ls s6rp.rt ina in rela-
t ion to pLasDa t€stostclone, 5-38-hydroxyst6!o id dshy-
d ro6enase ,  and  cho lcs te ro l .  Gen .  Codp .  Endoc r ino l .
5? | 454-4A4 .

21 .  Rodo l fo ,  A .  1934 .  l l o l pho logy  o f  spc r ra tozoa .  Ph i l i pp ine
J .  Sc i . 55 :165 -173 .

22 .  Lage t l o f ,  l l ,  1336 .  S te l i L i t y  i n  bu l l s .  Ve t .Rec .
48 :1159 -1171 .

23. e!6en, {.1f .  1940. The cheDistry and cytology of the
sperD nelrbrane of sheep. Anat. Rec- 75:455-4?3.

24 .  Rao ,  C .K . ,  and  c -H .  l l a r t -  194E.  l l o l pho logy  o f  bov ine
sper la tozoa .  An -  J .  Ve t .  Rec .  9 :2E6-290 .

25 .  Bay lo r ,  } { .R .8 . ,  A .  Na lbandov ,  and  c .A .  C lea rk .  1943 .
E lec t l on  D ic roscop€  s tudy  o f  spa r ! .  P roc .  Soc .  Exp .
B io l .  I €d .54 t229 -232 -

n4



26 .  C r6e€ ,  D .  L984-  caDc te  p rodcu t i on ,  ssx  s te lo id  secEe-
tion, and Datinl l  behavior uncouplcd. HolEoncs and
B.hlvior lAt22-2A -

2? .  f l ebb ,  e . J .C , ,  G .C .  Sack ,  R .  Buckwor th ,  and  S -C .
lanolis. 1983b. An oxslination of C- par-aslla lrests ir.
tro no:ithefn Austrr l ian freshpate! ssatrps, taith an
ena lys i s  o f  €Bbryos  no r taL i t y  Aus t ,  f i l d l .  Res .  10 :E?1-
605 .

28 -  Ba ls t ,  l .R .  1S87 .  Ane to l i ca l  baa i8  o f  spe rns -a to lage  i n
the  av ien  ov iduc t -  Scann ing  X ic ro  1 (3 ) :125?-1266 .

29 .  Bou-Res l i  X .n . ,  L .F .  B i shay ,  end  t |  S .  A i -Za id .  1981 .
Obss.vations on the f i .n€ st lucture of the sp6!D-
s to rage  c ryp ts  i n  t he  l i za ld  Acan thodac tv rps  sdu te l l r -
! ! : |r  hardvi. Arch. Biot. 92t28?-298.

30 .  Conna ! ,  J . ,  a . l d  D .  C re rs .  1980 .  Spc lu  t rans fe r  anc t
a to rage  i n  the  l i za ld  l no l i s  oe i6 l i r . ns i s .  J .  l o rpho l .
163 :331 -346  .

31 .  Hor .a r tb ,  J r .B .  19?4 .  Spe lu  s to ra l t e  :  as  a  func t i on  o f
the  feDa le  rap loduc t i v€  t t ' ac t .  I n : Johnson  A .D . ,  ! o I y
C . I .  ( eds . ) ,  The  ov iduc t  and  i t s  Fu l c t i ons .  Acadea ic
P less .  l l .  Y .  e  23? -27O.

32. l laagusson, l f ,E. 19?9. Production of an cDblyo by
Acrocho-. las - iavaqicus iso lat6d for  scv6n years.  Copeia;
744-745.

n5



:ij;lPFYl"{i" "}t,}l
S itli{jj}i:',:!i.

#ffiffi
*W
S :-oa'i::r'*-."T

. ,

: Lq]&r7/rl:'  l ' - ' i

,br*i

c &" 
"'t

Sen in i f e rous  tubuLe  i . n  t he
j .n  b reed ing  season  (A )
(x400) .  I o te  the  s i . ze  o f
C and D are the collelated
(x1000) .  I  =  l eyd i .g  ce l I s

I

t . .

t es t i s  o f  q *  s i  anens  i  s
and  non -b roed ing  (B )

tubu les  and  l f e rd  ee1 ls .
leydj.g cel ls of A and B

D

n6



ill
ej '
L,il
I j'j

i.-\
li-]

}l:}

*:x

E te .  2 . The  ep id idya i s  o f  C -  s ianens i s  :  capu t  (A ) ,  co rpus
(C) and cauda (f) of in bleeding season
coDpa le  w i th  those  o f  noo -b .eed ing  ep id j . dyD is :
cagu t  (B ) ,  co lpus  (D)  and  cauda  (F )  respec t i ve l y .
( x400 ) .  P :  p r i . nc i pa l  c€L l ,  B :  bas i . c  ce lL ,
S  :  spe rD  Dass ,
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F ig .  3 . SEH o f  t he  c rocod i l e  spe r l t a tozoa ,  f l on  the
ep id idyn i s  (A ) ,  Ba !  =  10  u ;  f ron  e lec t l oe iacu la t i on
(B ) .  The  h iBhe !  Da6 ! i f i ca t i on  o f  s t ra l I  sPher i ca l
Lobu la ted  cy top lasD ic  d rop le t s  (C ) ,  and  l obu la ted
n i tochondr j . a  i n  D idg ieee  reg ion  (D) ,  Ba r  :  5  u ;
H  :  head ,  l l  =  D idp iece ,  pp  :  p r j . nc ipa l  p iece
and  C  =  cy top laso i . c  d roP le t .
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Hematology and Serum Chemistry Values of Captive False Gharial

(Tomistoma schlegelii) in Thailand
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Bdgkok 10903. Th.ilod

Abstract

This srudy w.s conducted to funher strengthen knowledge of hemaroloSy and serum chemisrry of fatse

gharial (X sctuefe'i), the endanger€d €xtrenly long srouted crocodile_ Btood samptes coltecr.d fiom l0

heatthy, captive fals€ gharials with a male : female mtio of 1-1, w@ analyzed for h€maroloeical ard

biochemical value! and rcviewed as followed h€matocrit 15.2%, hemoglobin concenrraion 7.1 m€/dl;

erythro€yte count 0.34x106/mm3i leuko€yte count ai5xld/mm3, and h€tercphit were pr€senr 'n hrgest

p.oponions (64.9%); thrombocyte count 14.19*1937mm1: rhrombocyle per l0O whiie blood cetk 96-7%. Red

cell indicies includ.d MCV, MCH, MCHC wer€ 445.6 l,2O7.2pg and 46.4 E/dl, respecrively. Blood cells

dimension havc been studied. Si8nifica srarisrical dirercnccs berween lhe male and fedrle groups werc only

detected for MCHC. Analyses of l7 blood chemisiry valu6 werc deremined. F€male false gha.inl exhibits

values of triglyceri.l€, calcium and phGphorus greater rhan malc grcup @<0.05).
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Introduction

False ghariat or false gavial (Tonjstona schnegelii), rb. extrchly lons slender-snourcd crccodile, is an

endangerd animal that o.curs ir the lakes, 5wamp6 and fiEsh$,aler nves of Malay peninsula, souih€m

Thailand and the islrnds of Sumara and Bom€o. Kalimantan and Java (HumphrEy ,rd Bain 1990. Suvatt

1967. Stell 1989. Grcnard l9l).

Knowledge of normal blood values of crocodil€s is 6€frl in evaluating rheir healrh stalus, in

monibring thc coursc of a discasc as wcll a th€ responding of a pres.ribed ftalmcnr or mdeBranding

the physiology of crocodilc. No sludy on $e chamct ristics of blood har bcen canied out in rhe Tomilroma.

This srudy was conductcd ro sn€ngthd knowledgc of h€matolo$/ and bl@d chcmisny of caprive fahe

gharial, T, scftegefii, in Thailand.

Materials and Methods

Blood was ohained from l0 adult captve fals shdials (5 tllal6, 5 females) froh smpham crocodile

fann, Sampham distic, Nakhor Pathom province, Thailand. Av€Eg€ size of these fahe ghdials arc 3.5

meten. Blood samples were Colleced from rhe poscoccipital vcnous sinuses and kepr in tub€s €ither

contlining EDTA o. without anticMsulant. Hcmatological .nd bioch.mical paEmclm srrdied and merhods

employed were as foilows-

Hemat@rit (Hct was detemin.d according ro stardard microc.ntritugarion method. Bl@d cetl

cdnt, if,cludin8 erfthrocyre (RBC), l€ukocyre ([tsC) and thrcmbocyre wer€ taken using Nrr and

HeEicks solution (Natr H€rick 1952) and couf,Gd using hemocyton.ter chamb€r. The hemo8tobin

conccnratior (Hb) wd derermin€d by cyanmethemoglobin (DBbkin and Ausrin 1935). From dara on RBC

coun! Hct and Hb, mean corpuscular volume (MCV), mcan ccll hcmoglobin corcnt (MCH) and nem ccll

hmoglobin con€emmtion (MCHC) valu€s w@ calcular.d. Thh blood smd w@ cani€d out and srained

with commerci.l DiPQuick@) stail (Ctini.al DiaSnories, Lrd.. Pan-, Barukok, Thaitand). Differential

leu*ocytcs counts and nomb€r of thrcnbcyt. per 100 WBC w€re ob&r€d uder tomx. Eryrhrocyre.

leukoc'te and thrcmbclrc dincnsions were measur€d by @uld hisromer€r. The €ryrhrccyre ce and

rucl@ surface w@ calculated. For biochemical aMlysis, blood c€nuifugation and separarion of srum werc

done wirhin 6 houB afid smples were collecled. S€rum sodium porassium and chtoride were estimat€d

using ion selective electmd€ elecrrolytc analyzs (NOVA Biomedical, FL, USA). The remaining serum
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biochemistry valucs werc detemired or a ompurer pmess-controlcd autoanalyzer (ABBOTT

SPECTRUMG) sysrem) using clinicat rcagenr! (ABBOTT labodories, TX. USA). In sch paramcr.r

inv€stigated, merI! standard deviarioN (SD) and ranSc were calculalcd. Tle starisdcal significance beveen

m€aru was rest€d by r-rest. Ftr cach variable siSnificance was accepted at p<o.05.

Results and Discussion

This is the IiBt repon on hmaroloSical atrd bioch€mical values in faise gha.iat_ Tablc I shows

hehatoloSical results oblained ftom determinarion of whote bled sampt€s in male and femate. Wtile rhe

rumbcr of crocodiles sampled was small, siSnificant sradsdcat diff€rcnce b€rw€en male and femal€ prcuDs

were only dcret d for MCHC (P<0.05).

The Hcl of false ghariats in the present srudy war less thaD the pCV of A/€aror missr;jpprens,s

(mC.). Cainu sp. (26Eaj. Ctododylus a.utt's (26%) nd Crocodyrus Diroticrs (35%) but higher rhan pcv of

C@odyrur siamersis (14%). The concennarion of hcmogtobiD (7.1 g,/dl) in our study are similar ro rhose

found in C sr'@6is and c. Dissisjppjersis. Thse values weF lower rhan Hb of Crirnan ry. and c.

aculur (Sypck and Borysenkol988, Sirunrawineri et al. 1992). Th€ values of blood celt counr including RBC,

WBC and drombocltes of T. sc egeJi, werc low€r when compar€ wirh c' sidensrs (Sirunrawinelt er al.
't992).

For ditrercntial leukocyte count (Fig.l), a ldSc p.oporrion (65%) of leuk@yres in penpheral

blmd werc heterophils with proponion of tynphocyres, eosinophil! and mono.ytes (\qEo. 9E and 4Ea

rcsp€ctively). Ahhough lymphocytes are rh€ dosr numemus teukocytes in C rr'Jo.icus (pienlar 1962), we

found . higher nunber of hererophih than lymphocyres in T. scdegelli. Our previous study (Sirunbwrnex er

^\.1992J ot C. siecnsjs also showed a much higher numb€. of hetercphils rhm rymphcyres.

The eryrhrcytc dimension and suiface area arc prcsenled in Table 2. For the dimenyon oi

thromb@)tcs md leuko€yres ar€ given on T.bte 3 a.d 4, rcsp*rively. Cell l€ngrh and celt widrh of T.

scrlegeii wcE in the rarge of th€$ valu€s in modilia (Syp€k and Borysnko 1988) : ceu lengrh 16-17

Fm, ceU width 9-10 Fh. Ncvenheless we found rhe nuclci of eryth@yt€ @ almosr rcurd (lergth 4.85 Fn,

widrh 4.459m) and N/C Brio wa! lower than rhis fo'lnd in c. siarremis, C. njtoticus and Caimtu

crocodilus (Siru lwin€ri er al. 192, Pi€nad 1962). The rh.ombocyt€ ps lO0 WBC and its dimensons or

?. sctrlegcli e simild ro rhose in rcptilcs (Snek and Bory.enko 1988) (25-350 Thrcmbeyr€ylo0 wBC

and lcngth 8,16 Bm, widrh 5-9 Fn). In Table 4., mon@yre is rhe Ie8€$ leukocy€ while smalt lynphocyre is

the $nallat lcukocyre.
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Tabfe 1. Hematologic valu€s of false ghariat (7. schregetii)

Mal€ (n - 5) Fsnal€ (n . 5) Total (n . 10)

Ery1hreyrcs (106/hn3)

Henodobin (8/dl)

MCV (fl)

McH (ps)

MCHC (ydl)'

Lrukocytes (103/mm3)

Diffe.cotial lcukocyre.ounr

Herercphih (%)

0.35+0.094

(0.24-0.51)

t53!5.2

(10.0-23.0)

(4.8-n.3)

429.9!57.0

(360.7-512.8)

207.7r32.6

ltls.4-256.4)

48.211,6

(45.E-50.0)

3.80+1.50

(2.00-6.50)

6E.tu8.?

(52-?6)

( r 8 , 3 r )

( 3 , 1 l )

LE12.5

(0-71

13.10+2.96

(8.00-r5.50)

95.6111.9

(71-t01)

0.33+0.05

(0.26-0.38)

15.0r2.6

( l1.0.19.0)

(4.6-9.0)

461.3+55-4

(,100.0-520.5)

206.8+34.8

1t74.7-245.2)

44.6!2.3

(4r .E47.1)

4.90+t.53

(.2.5O-7 .00)

6t.2.15.3

(50-68)

25.8!2,9

(22-30)

10.613.1

(6-r4)

4-0:!3.6

i r - r  r )

l5.l012-56

( l1.50-19.50)

9?.8r18,?

( 7 C r 3 r )

0.3410.08

(0.24-0.5t)

( t0.0-23.0)

7. \ !2 .2

(4.6-r  1.3)

145,6!55.5

(160.7-520.s)

207-2+31.8

(t74.7-256.4)

(41.6150.0)

4.35a1.61

(2.00-7.00)

(50-76)

24.14.2

( l 8 , r l )

8.5r1.6

(3 14)

3.9a3. I

(0-r r)

14.10+2.94

(8.00-t9.50)

96.1+15.1

(76- t3t )

Lynphocytes (%)

Eosinophils (%)

Monocyres (%)

Balophih (%)

Thrcnbocyres (103/mm3)

Tl'rombocyte^ 00 wb. (%)

c mem r SD (.dsc)i n = size of sdple : +p < 0.05
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Tabl€ 2. Erythrocyte dim€nsions and surfac€ arer of T. schlegenL a - 26

Mcan i SD Rmge

Ccll lcnglh (sm)

Cell widrh (rm)

surfs. arer of ccll (p2)

surfac. arEt of nuclcus (p2)

16j2+2.46

9.03+1.08

1.6310.34

116.16i23.99

4.85i0.48

4.45d.56

l . l  l *0.19

16.9613.01

0.1510.04

10.93,19.00

7.60- l L40

1.28.2.50

73.40-l53. l l

3.80,5.70

2.85,5.23

0.80-1.6?

10.63-23.41

0.10,0.23

a N/C = Nuclcd surface/Cell surfa.c

Tabf€ 3. Thronbo.yre dimensio'! of T' schlegdii, n ' 21

Mern + SD RanSe

Ccll widlh (Fn)

8.5741.95

5.88{ .81

i.4910,46

6.65-t4_25

4_15 7.60

1.00-3.00

Tabl€ 4. LeukocJte dimetsions (pn) of T. scltegelii

Leukocytes No. of Cells Mean r SD Range

Eosinophil

9jtu1.r()

13.17i1.05

10.9311.25

16.1511.45

9.50- t?.10

7.@-t?35

| 1.40-15.20

6.55-13.3

14.25-18.05

25

15

2 l

25

7

M



Tabl€ 5. S€rum chemistry vrlues in false gharial (T. sc}regelri,

Fenale

(n=5)

Total

(n=10)

Male

(n=5)

GlucG. (ms/dl)

Bilirubin, tonl (d!/dD

ConjugaLd (diGt)

coT (u,,L)

GPT (U,'L)

Alkalin phosphai.se (U/L)

LDH (U/L)

T.islyccndc (hci/dl) '

Sodium (mEq/L)

78-2+10.64

0.17+0.07

2.9+1.8

0.46+0.16

0.174.09

19.5i3.5

22.7!t2.4

13.2+8.9

386.7+202.9

106.2139.E

41.2+5,4

2.6!0.7

154.0r3.3

l l9 .8al .9

72.3ra.6

0.?5i0.09

0.48+0,12

0,19r0.10

16.414.0

17.8+3.6

465.7r:125.l

114.8114,6

51.318.8

157.8+4.1

120.2!2.3

75.3110.1

0.21i0.09

3.21:l.1

3.1+1.4

0.4710.14

0.18{.09

18.0r4.1

20.2+9.4

17.8110.3

426.2.!113.1

110.5130,3

46.218.9

10.2i:2.5

I55.9+4.2

4.:r{.6

120.0+2 I

a  m e a n t S D ;  * P < 0 . 0 5
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Valucs for serum biochemical m€asues ar€ pr€sent€d in Table 5. Ditrercnces beiween s.x, wcrc found

in triSlyccride, calciun and phosphorus (P<0.05) which in female exhibits lhos€ valu.s Brcarcr rhan in male.

As far as we know, thcr€ is ro sludy that d€als with any blood pammeters of the Tomisrominae o. Gavialinae,

&er€forc no comp&isons eith pnvious data ar€ possibl.. Ncvenhelcss we can s€€ rhat mcm Slucosc values

inT. schkgelii w€r€ similar to drcs€ in A. rrississippicrsjr but lowcr lhan in C' acurus. In rhis study, uric

was simild ro thc prcviously publishcd for C r'a@rrir (3.9 mg/dl) fceding with mixed diet ard sliShrly

highcr when compar€d those in A. mississippiersii (2.5 ngdl). Scrun conccnrr.tion of toral prot€rn was

low€r in fals€ gharial wha ccmparEd with A. fti$r'$ippiersir, Car:,nar sp and c' rilorjcus. Th€rc spccrive

concenFations of calcium, sodium, potassium and chlo.ide were highe. $an in A.niNsstpp,crsis and C
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ABSTNACT

?hirty caimans (Crocodilus yacare) two ycars aged

wcre tleatcd subcul,aneously with anabolics (nandrolone

plrenproprionate) in ordcr to achicve sontatic increase,

thirty, used as control, reccivcd placebo.
Thc obtaincd rcsults dcmons[rated the ellectivencss of

treatment o weiglrt and lenght gains, and also that

anabolic treatmcnt innucnces the growl,h in a positivc way,

cvcn in cold-bloodcd aninrals.
'I'hc hormorral trcatmcnt, nradc on captive crocodilcs

breed, in a specialized farm of Mato Grosso do Sul (Brazil),

is conrpatible with nornal nanagemcnt.

IN'IRODUCTION

'lhe Caiman Crocodilus Yacare is one of ihe lwo

subspecies of the Alligator family that lives in Brazil.
Currently the brceding for comnrercial purposes of this

sub-species is al lowed in that country. The caiman is
native to a spread gcographical area called Pantanal
comprising the Soulhern Mato Grosso (Brazil), Paraguay

and Bolivia (Joanen and I\{c Nease 1971; Hutton 198?;

Matassino and al.,  1991: Pclosi and al.,  1991).
'Ihc above nlcntioned countries are engaged in the

protection and prcscrvation of these species, adopting such
measures, as banning hunting and also promoting research
into breeaing mcthods in order [o use only animals in

captivity to obtain skins. The brecding of crocodiles could
offer a neiv inconrc source for thc local inhabitants.

The skin surfacc of a caiman is in proportion to its
body mass. Thc grorvth is in proportion to feeding amount

and is influcnccd by biological, gcnctic, physiological and
pathological paramctcrs characterizing every species and



singlc animal. Also cnviroDmeDtal and brecding colditions
are in dircct, relation to thc level of organic synthcsis.

The inl,eractions between the spccies' physiological
parameters, environmcntal physioclimatology and feeding
habits are stronger in poikilotcrms lhan in other animals
for zootechnical production.

The anabolic activit ies of a numbcr of steroid
honrroncs in warm bloodcd vc)' tcbratcs arc wcll  known.
' l 'hcsc hornrones and their dcrivates incrcase plotein
synthcsis, part icularly in the skelctal muscles, so inducing
weight gain and t lreir usc is bccoming widespread in

brecding anirnals of zootcchnical irrtercst.
The pharnracological nrechanism of anabolic hormones

is diffcrentiated. Androgenic hormones, in fact, would seem
to act directly on the skeletal, so potcntial izing the dcposit
of ncw protcins, while thc pdmary site of oe-strogcns scems
to be the hypothalanrus or antcrior hypophysis with an
incrcasc of Crowth Hornone secrctioD acting at thc level
of striated muscles, triggered by l.he incrcascd secretion of
sonratonrcdinc.

Thc aim of this research is to obtain maxirnum
increase in botlr wcight and lelgth of growing caimans
using anabolic hornrones of synthesrs.

The experiment was carried ou[ oD a falnr at N{iranda
in the South Mato Crosso, the "Granja Caiman srl" a
Company legally authorizcd by I.BA.MA. (Ministry of the
Environmcnt) to brecd caiDrans and othcr rvi ld spccics (Larv

81-p,4/4/88).
'Ihe cntilc brccding cyclc rvas nronitored with animals'

biological cycle developing in captivity from the egg laying
phasc tor thc animals' slaughtering.

Adult nrales and fcmalcs were kept in special pools

while the growing animals wcre kepl, in a closed area and
thcir fccding was rDorri lored.

89



MA'I'ERIALS AND MDTI{ODS

Sixty animals, born in the Granja caiman LT'D'A in

April, 1988 and agcd two and hdlf ycars at time of the

tr i . i l ,  were divided into iwo group6, t 'he f irst for

expcrimental and the second for control purposc, of 30

animals each.
The animals wele tagged on tlreir 2nd vertical tile

crest, l<ept in two separate areas, trealed with the same

methods and givcn the same quantitics of fccd madc of

cereals aDd animal proteins, including nreat and fish,

produced in the falrn, in daily amounts of about 57o of

thcir body weiglrt. Tlrc tdal group was trcated with a

dosc s.c. of 10rrg of nandrolone phenpropionate every

fifl,een days for thrce mont-hs. Tlre contrcl group leceived

a placcbo.
At the begirtning of the trial, on tlrc 10th of October

1990, all the animals were weighed and measured for

lcnght to be able to compare the total $'cight alrd length

of the animals in botlr glouPs.

Wcighing and lcnght measuling lvcre cairied out every

fiftccn days to assess growth before further hormone

treatment. The anirnals were checked for any side effects

due to the trcatmcnt.
The obtained results

variancc tesl,. Diflerences
wlrcn p<0.05-

were statistically analyzed using
wcrc considcrcd to be. significant

RESULTS

Tattlc l and graphs A and B show

cxprcsscd as total wciglrts, avcragc wcights

gains lor cach phase and lor both groups.

1'he avcragc lcrrgths, rcachcd by the aninrals

the
and

results
weight

i n  bo th



groups, are shown in table 2 and graph C,
Total weight gain for thc animals utilizcd in the trial

and the control groups at the end of the expedment, was
?0310 Xg versus 55620 (p<0.01) and averagc wcight gains
wcre 4843 Kg versus 2395 (p<0.01).

Tbe lrighest weight gains for animals in the lrial and
control groups were 6615 versus 40?5 (p<0.01) obtained
halfway through the experiment for both groups (4th

rvcighings at 30 nronths and 15 days of age).
Graph A slrows weight gains for trial and conlrol

groups. Both lines coincide ercept for a short tract bct*ecn
thc first and secord wcighing where thc control group

curve is rcduccd-
Average length for the two gioups at the end of the

cxpcrinrcnt wcl.c 87.5 versus 83.3 (p<0.05) and averagc
increascs scorcd 6.1 cm versus 4 cnr. (p<0.05). The graphs

describing the lcDght coincide for both trial and control
groups.
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DISCUSSION AND CONCLUSIONS

Statistically sig ficative differcnces wcre obscrved for

both weight and lelgth gains.
' 

As concerns weight gain, the statistictlly significative

diflcrcnccs were evidcnt since the secood weighing and
wcre mainl,aincd until the end of lhe cxpcrimcnt, so
dcmonstrating tbe cfficiency trcatmcnt. Thc greater weight,
gains reported for both groups, halfivay through the
expc ment, for animals of the sarnc ages, indicate this is
a favorable period for glowth in whiclr a specif ic
plra|macological tI.catmcnt could give good results for
wciglrt. gain.'l'lre drop obseNcd in thc control group curvc
rcsulted by a physiological wcight decrease due to normal
slorving down of thc anabolic phase. This drop was
complctcly couDtcractcd by spccilic hormonal trcatment
wjl"h s].ntabolin as shown in graph A.

' lhc aninrals rvcighing lcss, in thc tr ial gTouP, at thc
bcginning oI thc experi rcnL, had proport ionally better
r csu l t s  f ron r  t hc  anabo l i c  t l  ca tmen t  because  the
phalnrocological tlcatnlctrt nray bc ablc to conrpcnsate
spccific organic dcficits.

Rcactions to [hc experimcntal treatment l,ook longer to
appear in the casc of leDght incrcase probably because this
biological variablc rccogtrizes a prevailing gcnctic component
and is therefore lcss in[ lucnccd by drug treatnrent.

The biological pnran)ctcr direcl ly and immcdiatcly
inf lucccd by t) 'aalnrent rvith nandrclanc phenpropional-c is
thc wcight. Tlre anabolizing action of syntabolin became
clinical ly gvidcut wil ,h an inclcasc in nrusclc and in body
wcight probably due to incrcascd nitrogcn, potassium and
phosphorus rctcntioD.

'frcatrncrr{, rviLh anabolics and in particular with
nandrolone phcnpropional,c with a nlarkcd aDabolic Dincral
action has posil , i ! 'c cl lccts on mctcbolisD inducing incresscd
grorvl,h cvcr) in cold bloodcd animals.

It  is part icularly intcrcsting thnt thc skin of t lre

x96



animals in the trial group became softer only aller the
scco[d treatment and remained in this condit ion,
compared to that of the control group. We believe that the
experiment here &r<ribed is of palticular interest among
biotechnological methods applied to the breeding of
carmans.
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c,'ocodilus) at Eato Cedral, Venozu€la

velasco, A1; n. uoli.net2 & S. Gutierrez3
1) Servicio Aut6noiro ?RoFAuNA, Edi f. Cartrejo, Enuada oeere, Mezzanind,

CsB, ca.acas 1010,  Venezueta.
2)  Unive.s ldad s in6n Aol iva! .  Dpto.  Estudios An0cienta les.  A.  p.  B9O0O,

Calacas 1080,  Venezuela-
3)cal le  Velac luz,  Edf .  Keope,  of .  32-b,  Las {ercectes? caracas lodo-A,

Venezuela.

Glowlh studiee of crocodiles hawe beed Ginly nade in captivily
else{bele. In colonbia, Rodliguez (1988 and 1.989) proposed a nodet of
glorth in caiMn (caina, cEocodllls fuscds). Rodliquez and Rodliouez
11989) n de a s i4 i ]a !  sEudy but  on Clocodi ]us acutds.

I! venezuela. Rlbelo Blanco (1974) developed a rcdet of glowrh rn
cajjian crocodilts cracodilDs, {hose individuals wele bred uD to ten
honths o ld.  co lzula (19?8) and Aya!?aguena (1983) p loposed gro;h noders
iD incliwidua-I leacbing up ro fj.we and four yeals otd respectively. rn
the sane ray, Thoibjarnalson (1990) developed hode.Is of glorth on
fenales and @1es captuled flon natu.al envilomeDt.

In othe!  species,  Ntchols e.  a] .  (1975) proposed a g loer th nodel  on
feful.es and Mles oi A].ttgaroi rnjssjsipiersjs. webb et al. (197€) ard
Raho et a-1, (1992) lepolred nodefs on natural popularions at Craco.tltve
poios'rs aDd populatlons af Ctocodilus irteeedius lespecriwely.

This study ploposes a fuaction of qlowlh in tuIes of sDectacled
caitrEn floh dala o! balvested indiv.ictuals 

"f 
tne e."9.*" of c;melcial

Halvest of Cainah ctocodihs.

Based on  s ize  s t luc tu le  p roposed by  Ayarzaguena (1983) .  lhe
estiMtioD of aqe as a function of lengtb ras Ede toltowinq rhe nodel
descr ibed by  von Ber ta lan f fy  (Jones ,  1984) .

?he sanp le  cons is ted  o f  719 @]es  harves led  f lon  ha tu la1
poputalion in 1990 at $aro Et cedral. To rhese aniM]s wele neasuled the
lotal length, !!on head !o tail. ODce these neasules obtalned, tbe
awelage tota] length (Lta), mxin6 {LtGx) and ainins total tenou
( ! !n in )  we le  ca lcu la ted .

fhe paiancle.s used to defide the glo{th curve are fotlowsr

1)  Inf iDi te tota l  ]ength { l t in f )= 1.05 x r t tnar= 281.4 d
2) Glowth constant was calculaled by the lollowing equarion:

k = Z x  ( l n i n f  -  I . t n j . n )  /  ( L t i n f  -  L t a )
whele tbe nor ta l i ty  (z)  is  - tn(s)  aDd sulv iva l  (s)  has a value of  78c
pe!  yea! .  Ful thenole,  IoDqevi ty  (L)  was est iMted by L= - r r ta .a1l )  /  z .
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Table 1 sho$s age at which one MIe is lecluited to one class lo

another with the fol]oEi.ng Pa!ame!e!s:

sanple= 119 spectacled caj.nan class Iv
Averaqe totaf  lenEth (Lta)= 218 cm
MiniDu lota l  1ength ( l t [L in)= 182 d
l l l f ln i lc  to ta l  ]ength ( l t in f )= 1.05 x L la= 281.4 d
surv ivat  {s)  = 78E an.ual
M o r t a l i t y  { z  ) =  - l n ( s ) -  0 . 2 4 E 4 6 1
Glowlh constant (k) =

zx ( ln inf  -  L t l i l ln)  /  ( l , t in f  -  l , ta)
] ,ongevl tY = - !n(0.001")  /z
Age to!  s ize c lass =

' L n { I - ( L t m i n / L . ! a \ t k
!:tininu lenEth fot c.Lass 1I = 40 c$1

class I I I  = 120 d
class Iv  = 180 d

Table 1. AGE CLASS FOR SIZE S1RSCTURE

CI  SS I I Class I I I

Minj.nu lenglh (m)

ol]l,y Masaqualal

4 0

1 . 0  9

0 . 5 8
5

0 . 5 8
5

120

3 . 9 4
4

5
5

6

1 8 0

' 1 . 2 3

1 9

1 0
1 0

As seen, a.y r.E1e that is lecluiled at class lI
years otd,  3.94 yeals o ld being at  c lass l l r  and ?.23
Iv. These lesults are lesser than those leported
(1990) . It indicates bow the lecluitnent (R) and the
ale in avelage an.l theorelic teft of tbc poPulations

is  on average 1.09
Yeals o ld at  c las s
by Tborbjarna!son

stay (Nt)  of  n;a]es

Table 2. 8ICR0ITMENT {Nt) AND STAY (P) FoR sIzE CLAss

N !  ( I I J  N t  ( I I I )  N t  ( I V i P  ( I I I  ) P (rv)

612

8 0 i
8 3 t

6 7 t

8 0 ?
1 0  0 t

1 0 0 3

100r

3 3 t

2 0 t
1? !i

3 3 t

20r

3m



As seen iD figule 1, lesults indicat.s that spectacled cainaas at

Hato EI  Ccdra. I  g let r  faster  lhaD those lepol ted bv Tholb ja lDarson (1990) '

It niqht be due to valious factols:
!) at exctusively corPosd salple o! individuaLs being at class Iv is

used in lhe estiction of paranetels involveci in tbe Von Beltafanffv s
glorth equatlod.
2t tt'" gio*lh culwe obtained by Tholbjarnalson (1990) i5 based on 3a!'PIe

ol j.Ddivldlrals that influences the rbole size categolie8.
3) at Hato El cedlal, a coDclol of tate! Ievel on alllficiat Poncls is

nade. wheteas at Hato Uasagualat sPeclac]ed caieln ale unfavoured
becaule ponds becorc wcly d.y in the dlouqht season.

The glowth of sPeclac]ed cainan PoPulallons seere to be contlolfed
by paltlcuLar conditlons of eacb PoPulation itself beeD studied. Hence'
ii is necessary to calry ou! a studY unde! the sane line of lesealch in
olcler to develop an awelage rnodel,

The nethods, that has beetr initially designed on fish cotrnlunilies.
can be usect fo! othe! poPulation if assulptions of the nodel ale

-Ayalzaquena,  J .  1.983.  lco logia
croeodi.lus l) en los Uanos
v e l r e b l a t a .  1 0 { 3 )  ! 1 - 3 4 .

-coz!1a.  S.  1978.  An ecoloqical  s tudy of  ca inan ctacodi . lus inhabi t ing
savanna laEoons in the venezuelan Guayana.  Oecofogia.  (Be! l . )  35:21-34'

-Jones,  R.  1984.  Assessinq the ef fects of  cbanges in erPlo i tat ion
paltelD usinE legth conposition dala {with notes on VPA and cohort
analys is) .  FAO Fi3h.  Tech.  Pap- (256)  .  118 pp.

-Nichols,  J .  D;  L.  ViehMn, R.  H.  Chabreck & B.  FeDdeison.  1976_
sinulation of a comnerclaUy harwested alligator Popufation in

louis iana,  ] ,ouis iana S!a!e univels i ty .  Cente.  fo !  Aql icu l tu la l  sc iehces.
Bul le l in  Nc 591,  59 PP-

-Rano,  c ;  B.  Busto & A.  ut !e!a.  1992.  BleediDq atd real ing the o. i loco
clocodiles lcrocodylus jtxenedill) !n vene?uera. BioloEi'al
c o o s e l v a t i o n .  6 0 r 1 0 1 - L 0 8 .

-Rivelo Blanco,  c .  19?4.  rabi toe leproduct iwos de la  baba (cajnat

ctacodiTus)  cn lo i  L lanos de venezuela.  NaEula.  52:24-29.

-Rod!igu.z, M. 19€8. Anotacio.es soble e1 clecinicnto <le neonatos v
Juvcniles de caj.aan crocoditos fuscus (coPe 1868), (cRocoDYLIA:

AILIGATORIDA!) . TRIANEA (ACT. CiENC. TECN. INDERENA) 1:?1-7?.

-Rodliguez, M. 1989. Tres nodelos de clecidienlo e. loDgitud de Deonalos
y juveniles de caiet cro.od vs fuscus {coPe 1868)' (CRoCODYLIA:
aILTGATORIDA!) en caliiverio. TRTANEA (Act. Cienc- IecD. TNDERENA).

-Rodl iquez,  E.  I  M.  Rodl iguez,  19E8.  Evaluaci6n del  c lec in ienlo v
lewante de neonatos y juweDires de Crocady.l,s acutus cuvier'

de1 cairEn de anteojos o baba (cainat
de Apule, veDetuela. Dodana. Acla
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-Tho!bja!n.!son, J. 1990. Ecology and behavlo. of the spectacled cainalr
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-!tebb, G- J. tl; n. !'|es3el, J. Crat fold E M. J. Ie!bu!y- 1978. Grow'ch
lates ot ctocody.lus polosus {Repttlia: clocodi.Iia) trorn A.rnher !aDd,
Nol thelD Austra l ia .  Ars! .  wi ld l .  Res.  5:385-399-

Figure 1. GroMh function
Lt= Linf*(1 -exp(-k*t))
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viruses aDdl Mycoplasms from Faeces of Falned Nile crocoalj.l.es

P. W. l luchzerneyer, G. H. Gerdes & J. F. Putteri. I l

onderstepoort veterinaty Instltute, onalerstepooft, 0'l 1 0,
south Africa

In South Africa Nile crocoaliles (crocodvlus !!i-I9Li-ccc) ate
hatched and realed fton eggs laid by capti.ve breeding 6tock.
This type of prodluction should reduce the lisk of
introdlucing egg-transnittetl infections. Two viruses have
been reporteal flom NiIe ctocoaliles, poxvilus anal aalenovirus
(Jacobson, caral iner & Foggin, '1984; Foggj.n, 1987i Hotner,
1988; Pandey, Inoue, Oshin6, Okada, Chihaya & Fujinoto,
1990i guchzermeyer, Huchzermeyer & Putterj. l l ,  1991; Buoro,
1992). Poxvirus has also been founal in captive caimans
(;racobson, Popp, Shields & Gaskin, 1979; Penrith, Nesbj.t  &
Huchzermeyer, '1991) as rre.]-]- as in g. pelgsgg and g.
iohnstoni- (Buenviaje, Ladals & Melvi l le, 1992). The
morphotogy of the clocoalile pox viruses was aliscussed by
cerdes ( '1991 ). Attempts to gro!. these viruses in t issue
culture or in embryonated e99s have failed so far and they
were afl  visualizeal by electlon nicroscopy in ultrathin
sectlons of affecteal t issues. The high cost of crocoali le
e99s and the short peliod of availability contribute to
tlifficulties encountered when attempling to wotk l.ith
enbryonated clocoalile eggs for alilect virus isolation or
establishing cell  l ines. In this paper we report on vituses
andl mycoplasns found by transmj.ssion electron microscopy
(TEu) of negative staineal crocoali le faeces.

During investigations into mortal i ty j .n farmeal crocodiles
faeces were obtained from the colon of hatchlings and
growels submitted for postmortem examination, For the
preparation of the faeces a 10t-20* honogenale lras nade in
a neutlal buffer, tbis eras clarif ieal by differential
centl i fugation at 3,000 rpn anal 8,000 lpn and the
supelnataot ras then pelleted at 18,000 rpm for 60 mins- The
result ing pe1let was resuspendeal in a ferr drops of t l ist i l led
lrater, appli.ed Co a carbon coateal formvar grial and stained
wilh 3* phosphotungstic acial pH 6. Negatively staineal virus
partLcles were, nhere possible, identif ied by thej.t
norphological characte!ist ics.

One nakeal and three envelopeal viruses as well as a mycoplasm
were found by TEM and are l isted in Table 1.

The aalenovi.rus demonstrateal one of 1ts 20 characteristic
tr iangular faces (Horne, Blenner, 9faterson and wildy, 1959).
The aalenovirus particl.es (Fig. 'l ) were founal in 3 crocodiles
tanging in LeDgth f lon 3' l  to 47cn, al l  fron the sane pen,
fron a group which had been imported from Mocambigue. while
adenovj. lal infections are comrnon in zimbabwe (Foggin, 1987),
tbey are rale]y seen in South Africa, probably due to the
lack of contact erith wild vj.rus carl iers. However, in these
cases the vi lus gras also delected in l issues, in the nucfei
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a5 trelL

table 1

as Ln the cyeoplasn.

: VLluses and nycoplasns aletected by TEM in negaCLve
stal,Deal crocodLLe faeces.

agenE crocodilesfarrn date nean length

Adenovl-us
cvtP
Infl,uenza-C-vi!us
Paraoyxovlnrs
Paramyr(ovirus
uycopl.asma
Itycoplasna

A

A
A

A

4

1
1

01/93
06-07/93
01-02 /93
01-o4 l93
12191
o4193
12191

41 ,3  (19 .0 )
122  ( t l 1 ,31
54 ,7  ( r14 ,4 ,
79 ,6  l t42 ,3 l
90
40
6s  ( r15)

F ig .  1 Adenovi-al particles from negatlve stainetl Nile
clocoalLle faeces, bai 100nm.

The paranyxovilus, garticles vrere typlcally gpherieal and
filanentous fortns enclosefl by an enveLope bearing cleaaly
vlsible spikes (Fenner, 1976) (Fig. 21 . NucLeoqapsj.al
[ateria]. $as not clearly visible and neasurenents to nake
accurate fanily and genus iilenlification nere not lrosstble.
They were founal iD the faeces of crocoaliLes that had been
fed poullly f-om a farm rere Newcastl,e disease hail occu-real.
The virus particles were found over a period of 3 tnonths Ln
crocoaliles ranginq in length from 32 to 1,l4cD from several
pens of 3 ilifferent houses oo the one farm. Seroconversion
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in crocodiles feil on nortalitles from an outbreak of
NewcastLe ill,sease has been reporled fron zimbabire (Thonson,
19?2). HoFever, paranyxovilus rras also found in a single
crocoallle fron a faflfl, where no poulCly had been feal.

Fj,g. 2 Paranyxovirus fronr Nile crocoalile faeces, bar
2 0 offn.

The lnf luenza-C-virus part icfes appealed mostly as
filanentous forms wi.th the surface plojections in a legular
hexagonal arrangment (Compans, Bishop and ueier-Evert, 197?)
(Fig. 3). They were founil  over a period of one nonth in 8
crocoaliles ranging in length fron 31 to 81 cm fron 2 pens j.n
one house of a farttl, tthere high nortality occurred.
Concurrently tbe animals hail been exposeal to sevele slress
causeit by overstocking, hanill-ing anal lrregular temperatures '
This coutd have rendereal the crocodiles nore susceptible to
the Lnfection, trhich may or may not trave contribuCed to the
high moreal. i ty rate.

The ialentif ication of f l iDgetl part icles in faeces can, at
best, be only subJectlve and small,  pLeonorphic partLcles
bearing longe!, well-spacetl projectlons wele tentatlvel-y
talenlifietl as coronavj,rus-like to dtstinguish them fron tlue
coronavLruses anil fron iluoilenal brush border vesi.cles
(Schnag, Brookes, Meituedec aod Morey, 1987). The
coronavirus-l ike part icl.es (CVLP) (Fig. 4) were founil  over
a period of one nontb 1n 4 out of 5 2-3-year old crocoalifes
fron a farn ,ith severe noltalily 1n that age group. cvLP
a-e consl.alered to be nonpathogenlc in other specLes and
dlffer from the true coronaviluses in thei! fringe
morphology, size anal 6hape. They were, however, Present in
att enofinously high concentlation in two of the samPles.
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Inf luenza-C-virus
100dn .

f lon Nile crocodLl.e faeces, bar

r-i

F ig .  4 Coronavirus-like partLcles f-om Nile crocodj.Le
faeces, bar 200nn.
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Mycoplasms (Fig.
approximately two
a gj.ng1e specimen
to be any dist inct
regularfy.

5 ) were found in two instances
years apart in two specimens f lom one and
from another farn . There allal not aPPear
pathology. Bacteriophages wele also found

Fig. 5 Mycoplasm from Nile crocodile faeces, bar 200nm.

In the absence of a suitable host system for the isol-ation
of crocodil .e viruses, TEM exanination of negative stained
crocoalj . le faeces shoulal forn part of routine investigations
of nortal i ty. Thj.s technique has been useal successful ly to
j. t lenti fy viruses in both namrnalian anal avian faeces and
wi1.l ,  in future. Ieaal to the discovery of more gastro-
intestinal and other viruses of the crocodile antl help in
the understanding and management of nortal i ty outbleaks.
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A survey of parasites and pathology of African dwarf
crocoaliles Osteolaetnus tetraspis in the Congo Republic

F. w. Huchzerrneyerl I  M. Agnagnaz

ronalerstepoort Veterinary Insti tute, Ondelstepoort, 0110,
South Africa
zwildl i fe Conservation Interlat iona1, B P'14537, BrazzaviIIe,
Republic of the Congo

wiltl-caught African thrarf crocoaliles osteolaemus tetrasois
are regularly brought to markets in Btazzaville, lrhere they
are slaughterei l  for their neat (Behra, 1990), irhich j .s
regaraled as a delicacy by the local population. As wild
crocoali les ale not easily accessible to the parasitologist
or pathologj.st, their availabi l . i ty was regalded as a
singular oppoltunity. h this pape! we report the f j .ndings
of the sanpling anal examj.nation of 23 crocoaliles carried out
during a two week period in May '1993.

During this t ime narkets in Brazzavil le were visited daily.
lfhen clocotliles were brought for slaughter, thei! length was
neasured, at slaughte! a blooal smear and a blood safiple were
taken anal then the inner organs were purchaseal and taken to
the State veterinaly Laboratory for furlher sampllng and
examj.nation. After a irhtle the internal organs became
unafforalably expensive, which forceal us to send an assistant
to the market, solely to purchase the inners. ConsequenLly
we coulal not neasure the length of these last clocodiles nor
take their blood sanples. The blooal smears in these cases
.were taken from heart bLood.

In the laboratory the organs were separateal, Iungs , stomach
and intestine wele al issected careful ly and searcheal for
palasites which wele preserveal in glycerine alcohol. Faecal
samples !.ere taken for bacterioLogical and virological
exanination and preserveal frozen, Hearts (the 2 ventricles
only), spleens, fat bodies anal kialneys were reighed for
morphonetlic analysi.s, the stomach pH measureal with the help
of inal icator str ips anal samples of al l  organs f ixed j.n 10t
fornol saline for hj.stopathologicaL examinati.on. Due to the
alressing procealure adopted by the market venalols, the
kj.alneys wele mostly cut in halves anal often tnissing
conpLelely. We nele also not able to sanple any brain or
other nervous tissue. The blooal sampLes nere allowed to elot
and then the serun poureal off anal flozen; the blood sneals
were fi).ed with May Gruenr"rald Giemsa solution.

After the return of lhe senio! author to South Africa the
tissue samples were processed roulinely, sectioned anal
stained with haenatoxyl in eosin fo! histopathological
examination, the blood snears stained r. l i th ciensa staj.n, the
faeces sanples were given to Dr c.H. Celdes for negative
staining antl transnission eleetron microscopy (TEM ) and to
D! M. H. Henton for bacteriological exanination- The
parasites we.e counted and distr ibuted for detai led
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identif ication as fol lors: fhe pentastomes rent to Dr J.
Riley, Dundee. the ascaridoids and the tre&atoales to Dr L,
Khalil, London anal the blood smeals containing blood
parasites to Dr M. A. Peirce, London,

The length of 13 crocodifes langed fron 90 - 14?cm. a1l 23
crocoaliles were sexuaLly nature, with a male to female ratr.o
of '13:10. The nean spleen/heart rat io of 21 inal ividuals was
0 ,83  (10 ,22 ) ,  l r h i l e  t he  fa t  body /hea r t  ra t i o  o f  19  an ima ls
ranged from.0,09 Lo 11,72. OnIy 3 kLdneys could be r.eighed,
r r i t h  k i t l l r ey /hea r t  ra t i os  rang ing  f l on  O ;A9  to  1 , j 7 . I n :1  o f
the cfocoalj.Ies the stomach pH langeal fron 2 to 4 anal only 2
anilrals showed high values, pH 5 and 7 respectively.

cro6s pathology ras founil in 10 of the crocodiles.
consi.sl ing of verninous stonach ulcers (9), pleurit is (1)
and obstructlon of the stomach with large feaahers (.t).

Histopathologj.cal examination levealed lnf lannatory lesions
in.the fol lowing organs: Duodenurn (8), fat body (r), heart
( 1 ) ,  j e j unun  (7 ) ,  k j . dney  (5 ) ,  I i ve r  ( 18 ) ,  Lung  (21 ) ,
mesen te ry  (4 ) ,  oesophagus  (1 ) ,  ov iduc t  (2 ) ,  padc leas  (6 ) ,
stonach (21) and thyroid (2), Some of tbe above f iqules ato
not incluale parasites rhich nere plesent in section; of tne
tluodenum (3: Heoalozoo[ schizonts. trematoale attaehed to
v i l l i ) ,  j e j unun  (1 :  Hepa tozoon  sch i zonCs) ,  k i dney  (1 :
nenatode lalvae in a glanuloma), l iver (2: sporu.tated
coccidial oocysts in a granuloma and nematode laivae in a
granuloma), Iung (2: Hepatozoon schlzonts, glanulona with
nenatoale renains ) , mesenCery ( I : nematod; eggs in agranuloma), pancreas ( 1: coccidial sporocys-t! in agranuloma) and stomaeh (1?: Hepatozoon schizonts 2 anal
verminous gastri t is 17). Trauma was founal i .n the nesentery
(1) anil  stomach (5). Degenerati.on affected the fol lowinq
organs: Aalrenals (?), fat body (4), ovary (3), parathyroid;
(5 ) ,  t es t t c le  (7 ) ,  t hymus  (11 )  and  thy ro ld  (6 ) .

Parasites i Pentastomes of the genera Algjile anct Sebekia were
fountl _.i_n the lungs of 21 and in the body c-iiIy oe O
ctocoali les. Ascarialoids we:.e present in the stotnacl; of .15
crocoali les, nostly associated r"r ihh macroscopically vlsibie
ulcers, ln the j.ntestiae of 7 anal in th; clo;ca of 3
crocoali les, while trenatoales, al l  identif ied asPseqdoneodipfostomun bifurcatum, occulled j .n the j.ntestine
of 2l anj.mals. Blood sbages of Hepatozoon $ere found in 2l
Droo<r smears and schizonts in histopathologj.cal sections of
the nucosa of duodenun, jejunum and stoma-ch as well as in
the J.ung of one animal. and in a second crocodile in the
stomach nucosa only. Cocciau.al spolocysts were founal in
t issue sections of pancreas and Liver of one crocoali le.

The bacteriological examination of 21 faecal samples yi.elaleal
on average 3 bactel ial and 3 fungal species per sanpie. Thebacteria isolateat ale presented in raLte 1 a;d the iunoi inTable 2._No viral part icles were detecteal by feM in aiy ofthe samDles -
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fhe sizes of the clocoali les ln this study ltele sini]a! to
those observed by Behra ( '1990), but the sex ratj .o was not
shifted quite as stlongly totarals the nale siale as founal bv
that author. The spleen/heart ratios were relatively high j.n
conpalison to noralal NiIe clocoali les (Huchzermeyer, 1994),
grhj.ch seens to fit j.n !.ith the founil prevalence of
inflanrnatory lesions in nany organs apparently caused by
septicaenia. The fat body/healt ratros are indicators of the
state of nutri t ion. In 6 anj.nals they rrele below 1,
ini l icating an exhaustion of energy leselves. It  nas 0,40 in
the aninal, whose stomach as obstlucteal by long wing
feathers. The wiile tange of the few kidney/healt ratios may
have been tlue to prolongeal rrater aleprivation, but falls
within the range of notmal distllbution founal in Nile
crocoali les (Huchermeyer, 1994). High stonach pH values have
al.so been found in farneal Nile crocodiles, which died after
long i l lness (Huchzermeye!, 1994 ) .

Tab le  1 : Bacteria lsolated from intestinal eontents of 21
African alwalf crocoaliles

species

Baciflus

Entetobacter
Eschetichia

Sajnone7.la
KlebsieTla

Lactobaci ) lus

cereust coagplats, sP.

eggl,oeerans, faeciun, 3p,
co.I i  O51rx23, rough
nirabilis
luteus, sp.
ana 7 ona t i cus, f reund i i
uangata, yorubat I I I  b30:x:enx
oxytoca capsule typ€s 44 and 60

Table 2: Fungi isolateal fron intestj .nal contents of 21
Af!ican tlwa!f crocodi.les

11
9
8
5
6
4
3
3
2
1
1

Genus Sp€cies No. isofates

AsPergi.l fus
PenrciJliun

Canalitla

curvularia

Setratia

ciavatus, fTavust niger, sp.

lipolytica, luteolus

9Ni f I i eraondi i, krus ei
s P .
beigelTii, capitua

sp.
sP.
sP.
sP.

sP.

8
7

3
3
3
3
2

Except fo! the plesence of nenatoales in the presenL cases
the histopathology of the stomach ulcers was very simi lar to
that descr ibed in stomach ulcers of Ni le crocof l iLes.
paltlculally lrith regard to the sevele vascula! anal
perivascular react ions (Huchzermeyer and Penri th,  1992).
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Castric u].cels without nematodes ,ere founal in a zoo
specinen of Q. tetraspis (Heard, Jacobson, Clemmons and
Campbell,  1988 ) .

In a number of case€ trauma had been causeil by long thorns
penetrating j.nternal organs. These thorns irer; found
poioting craniall-y ancl inrarals, as if the ani.maL haal backed
into then. They are presuneal to be part of a traditional
type of trap and nay have been the cause of at Least sone of
the -nany lesions of sepsis in a variety of internal organs,
renaering at least some of the neat unfit for iunan
consumption by unj.velsally eccepteil standaras. Contributing
to this a-!e the alegenelative lesions foundl in many olgans
which aloubtless are due to the severe stless of clptlvicy
anal transport, the estinated average t ime lapse Letween
capture anal slaughter b€ing 30 days. An inteles€ing f inding
was the presence of active thymuses in sexually nature
animals. Thymic necrosis similar to that described Ln Nile
crocoali les (Huchzenneyer anal peuith, 1992r penrith and
Huchzermeye!, 1993) was found ln 11 out of 16 aninals and 1n
theses cases can also be regaraled as having been causeil by

Flshes are presumed to be the intermealiate hosts of the
pentastomes, ascarialoj.ds antl trematodes of e. tetraspi.s. f t
loulq be- interesting to iteternlne these by ltuaying the
feeding habj.ts of the crocodiles anat by the disse;t i ;n of
their prey. Only sequestered coccidial stages w€re founal in
the present materi.al. A11 active stages woulal have been
elininated dulj .ng the long confj.nement in captivlty.

The bacterial and fungal intestinal f lora of African dwarf
ctocoali les has not been j.nves!igateal prevj.ously. Citrobacter
freundii was j.sofaled fron the tank water oe i zEo-lpEEiiin
(Kenoedy, 1973). Edwardsiel la lelga which connonly oc;urs in
farmeal NiIe crocoaliles in South Africa, rras not isolated
from our specimens. It  nust be pointed out, however, that
the findings presented in this paper are from severel-y
stressed aninals -

This study shoul.d shoulal be extended to sanpling crocodj.les
close! to the point and t ine of capture. f i  sh6utd further
enconrpass all aspects of capture, transport and narketj.ng,
leading to a better understanaling of the particul;r
situation of the exploitat ion oa thi.s spJcies anit
consequent.Ly to the fornuLation of effective cbnservation

The Director of the Onderstepoort veterinary Insti tute is
thanked for the generous f inancial support oi this project,
Dilector anal staff of the State veterinary Labor;to;y iD
Brazzavil le for permitt ing the use of their factl i t iej and
Drs M.II.Henton and c.H.Cerdes for their part i .n the
bacte!iologj.cal anal vj. lologicaI examinations.
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COIIDIIIOI| tAglOR OF Cainan ctocodi)-ls yacate IU DIFFERE$! EABftAIg
PAXBIIXaJ. XI*o_CROSSENAE

Santos ,  S .A.1 ;  Nogue i ra ,  u . ,J .S .2 i  p inhe i ro ,  I i t ,S .1 ;  [ourao ,  c .u ,1  &
Canpos ,2 .1

rnarnneeTcnen - R. 21 de €etenlrro, 1880, coruhbS-l.ts, cEp 79320-900,
Braz iI
2Bol"i.t" of the cNpo

IXIIRODUCTIOIT

The condition factor i.s used as an index of the relative fatness
of animals in nature. According to Taylor (19?9), the conil j . t ion factor
r.s a neasure of hov veLl lhe aninal is coping lrith the €lnvr.rorulenE.

The Cafuar crodo.lifus yacare is found in several habilals of
Pantanal such as r ivers, ponds natural and art i f icial and narshes. A
viale variety of prey species ingested by cainans is thought to be
related not only to tbe habitat in \.rhich they are living, but also to
their size. Thus, this study was carried out to detennine the
relationships betlreen the conditi.on factor of anj-nals of different
body size classes and types of habitat.

AIUDY IREA

The ltato-Crossense pantanal is sltuated in the centervest region
of Brazi l ,  betveen 16 and 22o 1at. South and 55 and 58o long. rrest.
The region is a wj.de plain of al,luvial. accunulatj.on, with average
altitude 12o D above sea LeveL, and it has Darked ralny and dry
seasons that vary in intensity and geographic extension, accoriling to
the annuaL cl inatic and hydroloqic cbaracterist ics (BraziL, 1974). The
interaction between cLinalic, hydrologic, geologic and lreohorphologic
factors is associated r'ith a large conplexity of habitats and
biodiversity.
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A total of 19o cainans were caught duri,ng the dry season (sept,
through nov.) froD different habitats of Pantanal as follons: fresh
irater ponds, tenporary channels and the Negro river in the Nhecolandia
regi.on; fresh lrater ponds and artificial roadside ponds in the Abobral
reglon; and Itiranda river in ttiranda region of pantanal of ltato
Grosso do Sul, Brazil.

TBTIODA

The cainans caught were classifed according to their snout vent

length (SVL) as folLovs: 1 - Young, having less than 50 cm SVL; 2 -

Sub-adult. having 51 to 70 cn Sl'Li and 3 - Adu1t, having nore than
71 cn SVL.

The condition of cainans ?as neasured by relatj.ve condition
proposed by Le Cren (1951). The relationships be&reen length of
C,c.yacare fron different habitats and size classes vere examined by
analysis of covarlance. The relationship is of the forn: W = aLb,
lrhere w is body veight in grans and L is snout - vent l-ength of the
indj.vidual in centinetres. Coefficients a and b rrere calculated by
linear regression after logarithnic transforroation gf rav data. fhe
indivi.dual 's rel.at ive condj.t ion factor (ai) was calculated fron the
fonnula ai = 103 (Wi x Li-b), rrhere b is the exponen! derived fron
the population. comparisons between aj were nade by analysis of
Variance usinq the Duncan !est.

RESUIJTS

The reLationships betveen length and ueiqht of caimans did not
differ signif icantly (P > o.o5) betlreen habitats and aninal sj.ze
classes, so the value of b lras calculated for the irhole population.
Individual rel,ative condition factors for each cai.nan were calcul.ated
f ron :  a i  =  103  (peso  x  cFc -3 .o6 ) .

Condit lon factors of cainans differed signif icantly betlreen
habitats (P < o.o5). Caj.nans fron,rMiranda( r iver had higher condit ion
factors than those in the other habitats, but differed signif icantly
only fron tehporary channels and ponds of Abobrat (Tab.I). Condit ion
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factors did not differ signif icantly anong size classes, but the
inleractl .on habitat and Eize class r,as elgnif i .cant (p < O.O5)

Ihe young cainanE sholred highest condition factor Ln sal! vater
ponds and the big cainans in trUirandatr river and artificial roadside
ponds (Table I).

Table I - Uean relative condition factor (CF) of C. c. yacare in

different habitats and size classes durl.ng the dry season, in the

Pantanal Uato-crossenge, Brazi l .

HABITATS
Young

n cF .10- r

SIZE CI,ASSES
Sub-AduI!^
n  CF .1o - r  n

Adult -
cF .10- r

AII indi-
vidual
n  cF .10 -3

rrltirandai river
Art i f icial roadside
ponds
SaIt vater ponds
iNegroi r iver
Ponds of
Nhecolandi-a
Tenporary channels
Ponds of Abobral

2 .  O5ab

1 .  AO-
2  .204
2 .  Ooa

1 ,814
1 .  goa
1 .614

1L  1 .8 l b

4 1.  e6P
1 1  1 . 7 4 D

1  1 . 6 9 4

1  1 . 5 6 4
1 3  1 . 8 ? a

3  1 . 9 5 4

2 .264

2 .  38 :
1 .  66D
1 .  7oa

1 .894
1 .634
1 .  g5a

3 L  2 .  O 7 A

10 2. OOAII
6 5  1 . 9 2 A 8
1 0  1 . 8 6 A 8

2 1  1 . 8 5 A B
4 0  1 . 7 9 8

! 7

2
24

4

L2
7

3 0

7

TOTAI, 1 . 8 3 4

a, b Different superscript betlreen colunnas indicate a

77 44  i . .  gaa  69

(P  <  0 .05)  d i f fe rence due to  s ize  c lasses .
A, B Dj.fferent superscript between rows for suns for

ind ica te  a  s ign i f i can t  (p  <  O.05)  d i f fe rence due

1 .  9 6 4

significant

aII individuals
to habitat.

D:ACUaSIOl|

Variation in diet nay be related to habitat occupi.ed, prey
species encountered, prey vulnerabil i ty, prey size suitabi l i ty, and
aninal size (Delany and Abercronbie, 19g6). In this study, differences
in condieion factor are nos! t ikely to be related to availabi l i ty of
prey in different habitats and the relationshit, betveen prey size and
aninal size.

In the salt valer ponds of the pantaDal, the nost frequent food
sources vere Herniptera (Belostonatidae and Naucoridae), coleoptera and
larve of insects (odonata) and sonelines anphibians (Uetanabaro, 19e9;
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Santos et aI.,  unpublished data). Considering that young crocodil ians
ate Dainly insects (Taylor, 19?9, Webb et aL., 1982, t i tagnusson, 1996,
Uetanabaro, 1989), the highest condition factor of young cainan in
this eDvlronnen! nay be due to the higher incidence of insects. santog
et al. (unpublished data) evaluated the vaLues of crude protein for
HeDiptera (BelostohatLdae) , Coleoptera (Hidrofilidae) and larve of
insects (odonata) and found 64tL, 65,4 and 61,1t, respectively, vhich
is considered high.

According to t{agnusson (19S6) Iarger crocodilians may or rlay not
continue to eat invertebrates, but the Eayority supplenent tbeir diets
with vertebrates, depending on the habitat. Irr the pantanal. fish are
the host connon food supply for adul.! cai$ans because they abound in
rivers, art i f icial ponds and several natural ponds in the region
(Santos et al.,  unpublished data). This fact should explain the higher
condition faclor values found for big cainans in the t,l,tiranda,, river
and art i f icial roadside ponds.

It is inportant to point out that data for sone habitats are too
fer^r for a valid conparison and furtber research should be conducted
before from conclusions are dravn.
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Abstract

An ubiquitous fungus, Fusariann soldri has been freqoentty isolated, both superficially
and systemicalfy, from juvenile fanred crocodiles, CrocodJhts porosus. Orher fungr
isolated wilh less fiequency are Paecilomlces lilacinus and Aspergilhts sp.

Infection mtes at a commercial farm had reacbed epidemic proponions with moftality a.nd
morbidity in excess of 5070 of each yeals hatchlings and eggs. Contaminarion ol freshly
Iaid eggs by the pathogen has been determined as the probabte primary cause of infection,
along with subsequent Eauma injuveniles.

Scarning Electron Microscopy was used in this study to determine the method of access
ofthe fungi into the eggs.

319



Aim

To invesdgate fungal infection in the shell of eggs of farmed estuarinc crccodiles,
Ctocodylus porosus, using Scanning Electron Microscopy.

Introduction

Fungal diseaie in harchling Crccodylus porosus has been documented in previous lepons
(Hibberd & Harrower 1991, 1993a). As a resuh of work to date, harchling survivorship
to the end of the first year has been increased to mor€ acceptablc levels (Hibberd 1993b).
Recurr€nt fungal infections in eggs and subsequent high embryo monality have led to this
study.

Methods and materials

Shells from infertile and fertile eggs of CrocodJlus porosus were collect€d dunnt
hcubation and at hatching. Samples were taken for cukurc, following standard
mycological procedures. Randomly selected segments of shell 0ess than 1 sq cm) were
stored in 707o Ethanol. These were later af dried, attached to a.luminium stubs usmE
adhesive tabs and silver DAC, then gold coated to a thickness of 15 nanometsls in a
Polaron SC515 Evapomtion Plant. These were examined using a teot JSM-5300LV
Scanning Electron Micaoscope, in high vacuum mode, with secondary electlon images
.ecorded on 35mm black and white filrn.

Results

Shell pore size varied (100 to 500 microns). Pores and cracks were ft€quently plugged
with hnha.l elemenrs and organic debris. Spores and hwhae were visible on the shell
surface and in the pore proper. Fungal colonies also prolifemted atong cracks in the shell.
Photographic evidence showed the spores, conidiophores and h,?hae of differEnt fungal
species. An unid€ntified species of mhe was also present (body width less than 100
microns). Arp?/gll/ur.rp and Fusariun solani were identified ftom culture.

Conclusions

The pore size of Crorodylus porosus elgs allowed the easy passage of fungal sporcs and
h,'phal elemenrs lhrough rhe shell. Hlphae were able ro penenale the shell layers. An
unidentified species of mite was also able to gain entry through the porcs and ctacks, and
may also be a contributing source of fungal contamination of the eggs.
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List ofphotographs used on poster.

Fig. 1 Exemal surface of egg shell of Crocodllus poloJr,J showing porc size and
structure. (Bar = 500!r)

Fig.2 Enlargement ofFig. I, top cenne open pore. (Bar= l00p)

Fig. 3 Enlargemen! of Fig. 2, conidia arrowed. (Bar = 50[)

Fig.4 Enlargement ofFig. 3, conidia arrowed. (Bar = lop)

Fig.5 Enlargernent of Fig. 4, conidium of similar size and shape to that of Fusarium
Jo/ani. (Bar = lp)

Fig.6 Extemal surface of egg shell of Crocodtlus poroJr6 showing porc size and
structurc. (Bar = 5001r).

Fig. 7 Enlargcment of Fig. 6, lower cenne open pore, nore

Fig. 8 Enlargement of Fig. 7, fungus anowed. (Bar = 10p)

Fig. 9 Enlargemenr of Fig. 8, hwhae (h) and conidiophorc
similar size and shape ro rhose ofAsp?rgil/Ir.r sp. (Bar = lp)

Fig. 10 Branching seprate ht?hae on egg surface. (Bar = 5U)

Fig. 11 Panially occluded pore. (Bar = 50p.)

arrowed area. (Bar = l00p)

farrowed) wilh phialides. of

Fig. 12 Almost totally occluded pore. (Bar = l00p)

Fig. 13 Surface view into crack in shell, debris and hnhae visible. (BaI = 50p)

Fig. 14 Enlargemenr of Fig. 13, hphae exrending from berween calciE layers of shell.
(Bar = 10p)

Fig. l5 Ponion of shell wiih occluded pore, (P), and sporodochia, arowed. @ar = 500p)

Fig. 16 Enlargemenr of Fig. 15, myceliat mass in occhded pore, (Bar = l00p)

Fig. 17 Enlargemenl of Fig. 16, mycelial mass showing lhin walled h)?hae, and thin
branching hphae. (Bar = 10U)
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Fig. 18 Enlargement ofFig. 15, sporodochia. (Bar = 100p)

Fig. 19Enlargement ofFig. 18, hnhae. (Bar = lou)

Fig. 20 Sporodochia. (Bar = 50tr)

Fig.21 Sporodochia. (Bar = l0p)

Fig. 22Intemal surface of shell, htphae anowed. (Bar = 500p)

Fig. 23 Enlargement of Fig. 22, cenrral a.rea, ht?hae and mites. (Bar = 100p)

Fig.24Intemal surface of shell, Mire napped by hyphae. (Bar = 50p)



SYSTEMIC MYCOTIC DISEASE IN JUVENILE FARMED CROCODILES,
CROCODYLUS POROSUS.

E.M.A. HIBBERD

Biology Dept
Cental Queensland University,

Rockhamplon, Queensland,
Australia 4702

Poster paper presented at:

The lzth Working Meeting ofthe ruCN Crocodile Specialist Group, Panaya, Thailand,
2-6 M^v 1994.

Abstract

An ubiquitous fungus, Fusarium solani has been ftequently isotated. both superficially and
syslemicafly, from juvenile farmed crocodiles, Crocodylus porosus. Infection rates a! a
commercial falm had reached epidemic proponions with monalily and morbidity in excess
of 50% of each year's hatchlings and eggs. Conlamination of i€shly laid eggs by the
pathogen has been detemined as the probable primary cause of infection, along with
subsequent Eauma in juveniles.

The pathogen is widely distributed in the farm envionment. Trcatments of diseased
animals have met with varying deerces of success, however, attempts have been made !o
control the incidence of lhe disease by modifying husbandry pracrices. Hatchling surviva.l
at one year has been improved to above 657o.

Other fungi isolared with less frequency are Paecilohryces lilacinus and Asperyittus sp.



Aim

To investigate the epidemiology of fungal disease in farmed salrwalcr crocodilcs,
Crocodylus porosus.

Inlroduction

The history of a fungal dlsease at a commcrcial falm has been reponed previously
(Hibbed & Harower, 1991). A comprEhensive litemturc suvey has been carded out and
is thc subject of a sepala@ rcpon in preparation. Work by Muir & C\nningham (1990)
and Buenviaje (1991) has fue[ed speculation that fungal disease, both superficial and
systemic, is mor€ paevalent than previously repoated.

Methods and materials

Animals, facilities and staff suppon are provided by Koorana Crocodile Farm. Laboratory
work is carried out in the Biology Depr. ar rhe CQU, following standard hisrological and
mycological procedures, as taught in the depaftment.

Treatments of eggs and hatchlings have been atrempred Glibberd & Hanower, 1993),
and changes to faming pmctices have been insligated after invesdgadon of envircnmental
paaarneters.

Rcsults as at 3l Dec 1993

30 June 3l Dec 31 Dec
gxcluding unrelated deaths

1989 53.I /o
1990 40.\Ea
1991 44.14a
1992 66.6Vo 17.4qa
t993 88.\Ea '73.6Sa 18.9q.

Year Harchlinq Survival

Thc suryival rate of hatchlings
incr€ase the harching success
1993/1994 breeding season.

has bcen increased,
of viable eggs. This

however more work is .equircd to
will be the major objective of the



Conclusions

Fungal discarc in famed crocodiles is morc common than fir$ though!. Establishing a
c|lle is dificult due to both the rcsistance of the parhogen and the highly sfiess sensiuve
nature of the host. However, preventative mcasw€! rnay lead to r€ducing infertion rales
to an acceptable level. Therc is no Eason to believe that eggs and harchlings produced in
the wild do not succumb to fungal disease as do farm reared stock, givcn lhat the natuml
habirat of the crocodile host and the fungai pathogen are so simjlar.
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Fig. 1 C. porosr.J adult femalc defending her nes! lhesc warm humid nes6 made of soil,
leaf litter and other plant debris, are ideal for the incubation of fungi as $€ll as crocodile
eggs. Naturally occuring fungal spores in the nesring marerial leadily adhere to the sticky
mucous layer on freshly laid eggs.

Ftg,2 C. porosus eggs. Fungal colonies can be seen on thc shctl ofboth eggs, and in
panicular, along the crack in the second. Hyphae may peneEare the shell via the porcs,
and also via the cracks which are somerimes caused by the female during the laying
process.

Fig.3 Cross section of C. porosus egg shell (s) wilh membmne layer (m) anached.
H,?hae (arowed) can be seen in the air space which has formed bepeen the two layers.

Fig.4 Developing C. poroua egg with fungal colonies of Fusarium rrlani visible as
white cottony areas (arrowed). The crocodile embryo can be seen through the membrane
laye!.

Fig. 5 C. porosus embryo at a later developmental srage. The fungal contAmination has
progressed deeper inside the egg through and from the membmne layer.

Fig.6 Healthy two yeax old C. porosus jtrveniles. These animals have progrcssed ftom
indoor pens with heated ar and water, to unhearcd extemal pens. Daily winEa
temperatures al this latitude may mnge from around 5"C minimum to 25oC ma,rimum.

Fig.7 C. porosus hatchling showing exEmallesions.

Fig. 8 Genenl dissection ofspecimen from Fig. 7, note infection in liver.

FiE 9 C. porosus lun9 showing muliiple fungalgranuloma. (Bar= l00p)

Fig. l0 Enlargement of Fig. 9, lower righr ponion. (Bar = 50p)

Fig. 11 EnlaJgement of Fig. 10, showing hyphal elemenrs in lhe lunt rissue. (Bar = 10p)

Figs. 9, 10, & 11 all stained by rhe Pe.iodic Acid Schiffmedrod.

Fig. f2Hatf strength Potalo Dextrose Agar (HPDA) slopes and sterile wooden swab
sticks used for envircnmental sarnpling, and the scraping of lesions on live aJima.ls.
Cultures arc of Frranirn Joldni.



Fig. 13 HPDA plare wift aluminiriin ring, used for obtaining purified rnycelial culrures
from post-moncrn clocoditc tissue samples. (Hanowcr 1989). This culturE is of
Aspergillus sp oblained from a cross section of a C. polort.r hatchling,s Eachea.

Frg.14 F. solanihylhae, macrcconidia, and rnicroconidia. (Bar = l0p)

Fig. 15 F. roldri chlamydosporcs. (Bar = 10p)

Frg.16 Asperyillus sp. conidiophores, phialides, and conidia. (Bar = 5p)

Fig. l7 Paecilomyces lilacina ht?hae, rapered phialides, and conidia. Gar = 10tl)

Figs. 14, 15, 16, & 17- These slide preparations are srained with Acid Fuchsin in Lacoc
Acid.

Fig. l8 The Author and C. poroJ s juvenile, with aduh brceding pair in the backgound

Figures 1 to 17 inclusive werc phorographed by ihc Author using a Canon AEl program
camera with a vadety of lenses and microscope altachments.
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ABSfRACT

cox Lagoon is locateal on the 14.600 ha sing Tut
Big Fa1ls I ' i rm, 45 km \.rest of Belize City, Belize,
Central funerica. Because of the value of Cox Lagoon -
as a wildl i fe resource, the proPertY is beinq managed
as a private sanctuary featuring l4orel"et 's crococlI_Les '
c rocoav lus  more le t i i .  F rom 12  Februa ry  to  5  March , r99J
a;d-f i6-24-EEE;uary to 9 March, 1994, a total of 23
surveys were conducled in the f lesh water lagoon'-In -
i g i i , ' e r i - " i gh i i ngs  o f  c rocod i res  were  r sqs tdsd  { *=37 '6
E i= i ' . a i  .  r n  i gg4 , -225  s igh t i ngs  l , t e  re  reco rded  ( *=18 '8 ,

SD=8.9). There was a signif lcant relationship between
iv"t"i ieptlt antl nunbet of ctocodiles sighted with
siqhtingi incleasing as \tater level i lecrease'l '

INTRODUCTION

cox Lagoon, on tbe 14,600 ha Sj.ng Tut Big Falls
r"r. i i ieFFi. is located aPPtoxinatery 45 km west of
Belj-ze City'  Be1ize, Centlal A$erica. I ' l i th a drv season
frorn Decem6er to May, average annual rainfal l  in the

region is l300-2OOO r.rmi soi ls ale colt lpose' l  of si l iceous



l inestone &tith ft ints anal characterist ical ly have lov'
fert i l i tv anal slow internal drainage; STBFF j.s in the
subtioDi;al moist forest I i fe zone and supports nahogany
caoba, sapote, sapodil la, breaalnut, a1lsPice, chj 'c1e,
bullhoof, ironwoodr cohune and nargusta (Hartshorn-et -
a I . ,  1984 ) .  cox  Lagoon  i s  a  5  km ex tens ion  o f  cox  c reek ;

the open freshrvate! of cox Lagoon is surroun'letl by stvamp
fores-t and on the western shore contains a large etpanse
of marsh doninated by eleocharis and valious glasses'

Histol ical ly, Cox lagoon has been identif ied as a
crit ic; l  r.ret land-' Abelcrombie (1980) reported that in
1978 ,  \ g7g  and  1980  he  obse lved  27 ,60  and  18 -9 : ,m? t i l e t t t
respecti.vely in cox Lagoon and he recofiunended tnat Ene
arei b" de.igttated a crocodile preserve. The entire
Mussel creek alrainage including cox r,agoon $ras proposeo
as a pteserve for r ire birds al ld crocoali les (Hartshorn

" i  
a f . ,  f gga t  ,  cox  Lagoon  has  been  l i s ted  as  a  s i t e  o f ,

tr i t , . t iu 
'  

"otr""trrution 
i i terest (zisnan, 1989) and in l99l

was I ' isted by the Berize Ministr! '  of Agricultule in a
regulation e_st"bl isnittg sanctuaries for the hickety'
o"itui."t .  mawii '  Becarlse of the diversity of wil"dl i fe
fidlEdfii-a-ET-sni f i can t poPu Ia tion o f q. $9rele!+ i
inhabit ing cox Lagoon, we reconunende'l  to the Befize
Minist ly 6f tourisrn and Natural Resources that 13000 ha
of sTBFi be designated a natule preserve for croco' l i les
(Eunt and Tanarack, 1992). In 1994 Dora weyer presented

anothet proposal fot a Mussel- creek preselve to the-
pi ire ni i t isl"r of Belize. Foltunately, the owners of
stgFl' have agreed to manage Cox Lagoon as a Prl-vate
crocoali le saictuary. To assist them in assessing the

wildl i fe value of 
-their 

ptoPetty, vre con' lucte' l  clocodile
surveys in Cox Lagoon.

MATHODS

From 12 Februaty to 5 March 1993 and from 24 February

to 9 l larch, 1994, surveys were conducte' l  in Cox l 'agoon'
ihe survey aistance was-5.5 km ftom l4ussel creek (17'.28

i i ;  r . I .  ee ; : r ' a s " I . l ) t o  cox  c reek  (17 ' 25 ' 50 "N ,  88 ' 33 ' 20 " I ' l ) . '
i"ror! 

"""1t 
survey environmental Patarneters including ,tte

deDth of water at the cox creek bi idge were recorded' vt l j  th

an'observer at the bo , a 5.2 m canoe was paddled by one
pelson at the stern. In spott ing croco' l i Ies, head lamps

iowered by 5 and 12 volt batteri.es were used' Crocod!_res
ioere appriached unti l  they submerged. Either the total
i ; ; ; th-:; i t  wis estirnated- or i t  wis classif ied eves onlv(Eo)

3n



To estinate the population sjLze I P=Lz-szm can be used
where P=sigheiog ftaction for an avelage survey,s=
standald ileviation of the census total anal m=mealr
census value; i f  there is gleat variat ion bet\^reen surveys
and alata on total nunbers alo not fit a binonial
distribution P=*,/m can be uged ivhere ->a=mean 

census
value anal m=the maxi.mum nunibe! seen during one survey
(Messe l  e t  aL ,  L976 ,  K ing  e t  a1 ,  1990) .  w i th  the  s igh t i ng
fraction knotrn, the unseen crocodiles can be aali leal to the
census fol an estimate of the total population.

RESIJI,IS

In I993, l l-  surveys rtere conalucted (Fig.1, Table
a total of 4I3 sightings of c. m!,releti i  was recoraled
sD=4.6). Crocodiles<0.6 rn (rr, j-  we-?E-."..Fof the total
To  deLerm ine  the  s igh t i ng  f rac t i on  P= I -2 I .2 /3 '7 .6  a r .d
fo r  an  unseen  f rac t i on  o f  569 .

In  1994 ,  12  su rveys  were  conduc ted  (F ig .3 ,Tab le  2 )
and a total of 225 sightings of C, moreleti i  vras recorded
( I=18 .8 ,  sD=8 .91 .  w i th  41s  oe  t l e - t6E5 fTc rocod i l es  <0 .6  m(TL)

were the rtos t numej:ous size classt clocodiles>2 m(TL)
rep resen ted  2  s  o f  t he  to ta l  (F iq .  ) .  Because  the  nu rnbe r  o f
crocodiles sighted varied so greatly betrdeen surveys,
P=Ia.a/AI had to be useal anal the sighting fraction was .43.

water level in the 1993 survey perioal remained
consistently 1"o\t ( 'x=L22 cn,SD=3.?) but '  water level in the
1994  su rvey  pe r iod  l ras  a t yp i ca l l y  h igh  ( i=183  em,SD=14 .7 )
with a mean daily decrease in uater level of 4.3 crd. l ' i i th
a lrater level of 156 cn duling the last survey of 1994' 41
crocoil i les vrere sightei l .  The total 23 surveys show a
signif icant relationship between wate! depth add nrrnber of
crocodj. les sighted; as water level decleaseal, si.ghtings of
c roco i l i l e s  i nc reased  l \ z= t ) . 6027 ,  9= j1 .86 r  P<0 .000 I )  .

In the survey area we idenli f ied 124 species of bi lds,
23 species of rnainmals and 14 species of repti les. Egg
deposit ion sites of Dermaterws nawi occulred on high banks'
During four surveys E6-5EE;TEd-E pirs, Tapirus bairdi i .  Tn
r994, four groups of howler nonkeyi, AloiEtTEli!?E--fiFabited
foresl near cox l,agoon. Tlacks of j agua;;-TEiThE--ra onca, ocelot
Felis pardalis and narqav, Fe1is wiedii  wE;A-idEi tTf] ied on the
STBFF roaal near Cox Creek. Jabir lr storks, Jabiru r l lglgl la
foraged in cox Lagoon, l lussel creek anal the cult ivated l ice
f i e lds  o f  STBFF.

1 )  t
l v=37 .6

(F iq .2 )  .
P= .44



STATUS AND }.4ANAGE}4ENT OF COX LAGOON

Agricultural activit ies are restr icted to the cleareal
land covering 24? of SIBI'F. Currently, r ice is being gloidn
on 250 ha and lr i l1 inclease to 800 ha. fhe farn vri1l also
proaluce sheep, goats, pigs, chickens anal eatt le. fhele are
1300 catt le on STBFF. The owners have been careful ly
monitoring the use of herbicides,pest' icides and feri i l izer.
Irr igation \rate! for t ] te l ice crop is purnped from the Belize
River anil  is reci.rculated in the f ields. I t  is expected
that eff luent t.r i l l  not affect Cox Lagoon and the i{ussel
Creek drainage.

The o\dners of STBFP have agreeil to tranage Cox Lagoon
as a private salctuary for crocodiles. Soon after their
purchase of SrBPF in 1992, the ownels learned of plans
by the ninistry of alevetopment to build a brialge across
the Belize Rivei \rhich noutd l ink the STBFF road
iDtersecting the Western Highway. This pubtic road would
have made it  inpossible to protect Cox Lagoon from
intruders. Fortunately, the plan for Lhe bl idge seens
to have been defeated. During the past 18 rnonths, most
of the signif icantly destructive poachers and squatters
were exclualed f lon STBEF. During the sane t ime, educators,
researchels and natural ists have been encouraged to use
Cox Lagoon as a ! ' i ld1ife resource. In night anal alay canoe
trips into Cox Lagoon, nre escorted Paul Tut,STBFF; Dora
Weyer, University of Arkansas and l, tatthew MiIIer, I ' lonkey
Bav Sanctuarv.

2 .

3 .

In i l iscussions r^t i th or^rners of STBFF we advised then
the fol lowing:
A sigo describing the sanctualy status of Cox Lagoon
should be posted at the cox Creek bridge.
.qccess to Cox Lagoon should be l imj.ted Co canoes.
Dredging a wider channel in Cox creek would permit
the passage of larger boats Lrut could affect drainage.
Clearinq a road to Cox Lagoon would be int lusive and
\touli l  affect the ni lalerness character of the i ,ret land.
A canoe shuttle betqteen Monkey Bay Sanctuary and STBFF
could ploviale visitor access to Cox Lagoon. Night
canoe tr ips offer excellent opportunit ies for seeing
tapirs and crocoali les. Matthew Mil ler at I tonkev Bav
sanctuary is interested in taking his biology ituaints

o f
1 .

to Cox Lagoon.
4. Local people often sralk dorrn Cox Creek to catch f ish

on l ine anil  hook but f ishednen possessing nets, traps
or f irealns should not be permitted.



5. To rnonitor trespassing, a canoe pattol should be
periodi.cal ly conaluctedi hunting canps on high ground
are easily seen from Cox Lagoon. In !994, we examined
one abanaloneal camp which haal a 1ar9e holding pen for
Definatemys mawii.

DISCUSS ION

Accoraling to Abercronbie (1986), tnany aleas containing
habitat for crocodiles are inaccessible bv roaal and
h is to r i ca l l y ,  t h i s  f ac to r  has  he lped  p res ; r ve  C .  more le t i i
in Belize. crocodiles, however, are diff icult Eo Eiia-iEEi
areas of hi inan selt lement anal laage crocodiles are scalce
in al l  but the most inaccessible habitat (Abeicrornbie,
e t  a1  1980)  .

Our stualy inal icates that Cox Lagoon stj- lL contains a
viable population of C. mol'elet i i .  The decrease in nunlber
of crocodiles s i  9h ted 1n-T99il-GEE caused by high water.
A l though  on l y  one  nes t  has  been  found  (P la t t . 1992) ,  4 I8
of sightings in 1994 \rere crocodiles<0.6 n (TL) and
signif icant nesting probably occurs nea! Co)a Lagoon. In
addit ion to q. moreleti i ,  Cox Lagoon supports a i l iversity
of other vitdl-ife--?i?-fi- the Mussel cre-k drainage 3I species
of mannals, 44 species of reptj. Ies and 314 species of birds
have been recordeal (weye!,1994), As an attraction for
wildl i fe \ratchers, Cox Lagoon is strategical ly located near
the r^testern highlray betneen Belize City and Belmopan. Other
imPortant attractions near Cox Lagoon inclutle the lrtonkey Bay
Sanctuary, the Belize Zoo and the Baboon Sanctuary. In world
conservation stlategies, ecotourism can provide income and
employment ( l{unro anil  Ho1dgate,1991)t ecotourism in Belize
can be an important source of tevenue (Bruner,1993) and
can justi fy the pleservation of a Cox Lagoon Crocodile
Sanctuary,
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