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FORE\ryORI)

This volume is a suppleEeot to tlre Proceedings of tlc 8th workiEg MeetiDg of tle Crocodile
Specialist Group (CSG) in Quitq Ecuador, l:} to 18 October 1986. It contains two papen that
werc prese cd at that deeting; but were not published in the Proceedings voluae (IUCN
Publicatiors New Setie"l 1989, ISBN 2€8032-968-D.

Publicatioa of this volume was supported by cortributro6 ftom Professor Hary Mes.sel a.od the
Udvelsity Foundatior for Physics, University of Sydney, Aus[alia; the Nixod Griffis Wildlife
Conservatioa Fllnd of the Uaiversity oI Borida Fotddatio4 GaiBesville, U.s-d; ard Jacques
Les&owie of sociEt€ Nowrlle Frarcc Croco, Patis. Tbe opiniols expressed herein are those of
the individuals idcrtified 6nd are trot tle opimons of the Irt€matioml Unior for Cooservation of
Naturc aad Natural Resources or its Specias Surviid CoEiiission. Phil Ha.ll was scie fic €ditor
a.dd managing editor, Rhoda Bryant vas copy atrd style editor.

The Intemational Urion fo! CoBservatio! of Nature and Natual Rcsouccs (ruCN) was founded
h 19{8, add h.s its headquarters in Clan4 SwiEerla.r4 it is ar indepeadent iiternational body
vho6e membersf,ip coEprises states, irrcspecti!€ of their political and social systems, got€rnoent

and private institutioDs as wcll as intcrnatioml orgadzatrors. It tepresetrts tho6e
who arc coocemed at man's modricaiod of the natunl enviroDdert througb the rapidity of urban
and industrial developme ard the exclssive exploitation of the earth's natural r€sources, upor
wbich rest tlrc founalations of his .rft€.I. ruCl{s main Frpose i! to prodote or support action
which will esurc the perpetuation of wild oaturc and natural rcsorirccs on a world-wide basis, not
oDly for theL intrinsic cultural or sciedfic valucs but also for tle long-terE ecotroEic and social
welfare of manliad.

This objective ca! be achie\€d tlrough active co.serratior proglams for the wise tlse of natura.l
rcsouces in areas where tie flora aad fauaa arc of particdlar idportalce atrd where tle ladscape
is cspcciallybcautifirl or strikiag, or ofhistorical, cultual or sci€ntfic signficarce. rucN believes
that its aims call be achier€d most cffccti&ly by jrternational effort ia cooperalion with otier
ilt€matioml agErcies, such as UNESCO, FAO, and UNEP, and iftemational orga.uizatioas, such
as World Wild Fund for Nature (WWn.

The mission of ruCNs Speci€s Sulvival Codoissiotr (SSC) js to prevent th€ erdinctior of speoes,
sukpecie,i atrd discrete populations of faua and flor4 th€r€by maiDtabing the genetlc aLversity of
the living resource.s of the plaict. To carry out its dissiotr, the SSC relies on a n€twork of over
4000 voluntee! professionals working tfrough 100 Sgccialist Grcups and a large number of
alfrliate orgaaizationE regional lepiesedatives, and consultants, sc-atter€d through ftatly every
countly lr1 the world.
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AND
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ABSTRACI

Tbs paper discusses in ge[elal terms the distribution of Ctocodyfus Porosrts and C. joh8toni

alory Type 1 tidal water waF ir rorthem Austratia. The iEPoltatt T}?e 1 tialal watenays are
classfied into four broad gtoups or thc basis of their dGtributional diagrams, and each gloup is
explaicd ia terEs oI tie Eodel of C polttur popdatiod dFamics develoPed in previous
publications. Altemadvc habitaq cocodrle int€ractiolq exclusio4 and losses ate the key featues
to the undcrstalditg of lhe distlibutioD-

Results are also preseded for thc 6rst $fvey caried out otr thc ron_tidal secuons of tbe
Roper Riv€! upstleaE ftom the Ropc! Bat at km 145.3. Oo 77 kE of waterway surveye4 307 C.
johrrtori were srghted ard oBly oDe c. potou, v/hich was just 0.7 km up Aom the Roper River.

INTRODUCNON

Ilr Monoglapbs 1 to 19 and ttre two Westem Australia Repotts Lst€d in t]e presenl
publicatio., wc documented ana.lpe4 a.Dd dtscuss€d the detailed iesults of the first s,stematic
survey, since settl€ment of the co inent of somc 100 dotthem Austmlian tidal waterways aDd their
crocodile populations. In this paper i\€ assemble for the fust tiEe and discuas g€treraly sample
distributioaal diagrass for all the more isportad Tne 1 tidal systems suveyed. we also Fesent
the results of a 1986 survey of the axueme ups[eam, non-tidal secdons of the Roper River system
(Monographs 12 and 19).

In the introducrion to Monograph 20 we emphasized (also see Monogaphs 1, 18, ard 19) that
the a:raltsis of tle number, distriburion, a-nd size structure of crocodiles sighted duriag the general

surveJrs of lorthem Aristralian tidal s,stems indicates that one of th€ most idportant par?.Eeters
characteriziDg a tidal waterway is its salinity Fofile and that tle prolile a.dd habitat type iEage one
alother. They appear to largcly detcrEine lhe suitability or otherwise of the tidal wat€rway for
b'reeding nestirg; and reariry. We also gave a detailed descriptiotr of the model that we developed



for the dytraDics of C. poloJr,' populatio$ and which edabled u! to accourlt itr a coEsistent fashiotr
for the rc$ilts c,e obtained fo! soEc 11m tidrl syst€ms i! nonhera Austlalia" In this dodel w€
pointed out that tlc tidal wat€rways of norther! Autralia harc b€e! classified according to tteir
salinity signatu.es into Type 1, Type e and T}?e 3 systems as showr in Flgule 1 (sec pagas 100-
101 Morcgaph 1). Type 1 s],st€ms are thc maia breeding ones, aad non-Type 1 systeds are
usually poor nod-bre.ding systems. It is the Typc 1 systeDs atrd the fteshwater billabongs ard
seEipermaned ald pcrman nt ft€shwater sw?:ops associatrd with tleir wbich accouat for the
major recf,uitment of C. pororur; tle other systeEs contibute to a lesser alegee, and they must
usualy dep€d largely upor T}?c 1 systems atrd their associated frcshwater coEplercs for the
provisior of their cocodil€s, No{-Tlpe 1 slsteEs also sometimes hai€ freshwatcr complexes
associated witl t[em but thesc are dormally quite minor.

The info.mation sumoarizcd ir Figlra 1 is oI gleat imporlatce for the und€rstalldilrg of the
dynamics of C poror.r populations. Is Type 1 systems somc 2?7o of tle clocoaliles are hatcblings,
$,hercas itr Type 2-3 slsteEs tlis figule falls to 147o and ir Type 3 systems down to 47r, showilg a
ouch dedcased hatchling lecruitEe in tron-Type 1 systeds. Iu rype 3 systeds tlc pe.cedtage of
crocodil€s h the hatchlin& 2-3', ard 3.4' sizc dalsca combined is some 11%, whcr€as ia Type 1
systems it is at least t%. On the other hald the percedtage of docodil€s itr the:+5' size classes
G soEc 39% in Tlp€ 1 systeds and 73% on Type 3 systems. SoEe 7996 of tie non-hatchling
ctocodiles atc sigltcd od TyI'e l waterways ad 2196 od nor-Typc l waterways.

Hos,c@r, as mcntiorcd above, wc conccm ourselves, ir tiis paper, with thc distributio! of
crocodiles in t[c Eorc impo.talt Type 1 systems only and rcfer the reader to the scries of
Monographs for a completc trcatment of a[ tidal waterwa]B surv€]cd. Though the re$lts for
every 'I}?c 1 syst€d suveyed were arabza4 discusse4 and accounted for on the basis of our
populatior aodel ilr the rclcvant Morcgraphs, at Do stage havc we brought together samplo
di6trftutioral diagrams for each of tbc morc impoltarf Type 1 tidat waterwaJrs $rveyed itr
dorthcm Australi& so that they codd bc compared easily and to scc what salie features thcy
harB itr codfioD- We do so ir this paper.

O! page 440 of Mo@graph 1 lJr slatcd that the establisbment ofa Univ€rsity of Sydrcy 6eld
statior at U.aputrp olr the Roper Rircr would not ody allow us to monitor tle river (see
Modograph6 12 atrd 19 fo. the result6) but wordd also pemdt us to crrrJ out lard-bascd studies of
its loog nod-tidal icsh*ater section above LeicblaidCs Roper Bai. The Roper Rivcr System is
onc of thc laryest and beit TIT|c 1 tidd watelways in rcrtlem Australia. It not only has a long
navigable flesherater s€ction, ftod about ld 70 to Ropcr Bar at km 1453, but also has a number
ofsectioDs between ko 1453 a'rd km 353.0 which are sur€yable by small boat and which cad be
reached by bush track, These sections of the rier are bcyond tle tidal lisit ard consist of
int€rmiltent waterholes- Bet\recn tlem the many braffhes of the river are usualy dry during the
dry season. Sporadic C. poloslrj were believed to occu and the more plentifnl C. jolnstoni werc
krown to occur in the perhare watcrholes! but no slstematic dight spodiglt survcy had been
carried out of them. Ma.ny wild claims (pers. comm) have been Eade abour the 'hEdreals' of c.
por?sls m ticm. Thos s,e decided to sullly tte larger upstream waterholes and obtaitr direct and
quaditatiic evidence fo! the relative aburdarccs of the two species o! the nod-tidal s€ctions of
this lorg ard importatrt *aterway.

Work maps for the Roper System, from its Eouth to Rop€r Bar at km 1453, are giveD ir
Mooograph 15. Thc additional 18 work maps covering the sections b€tweetr km 145.3 and km 375
are preseDted id FigEcs 2 to 19. A helico!,ter was used to verify ard ilcrease th€ accuracy of the
baF prcpared from aerial photograpk (see Inhoduction to Monograph 1t asd to find the best
track itrto the waterholas to be surveyed. Two Toyoto Lad Cruisers, a 12 foot didghy with a 99



hp outboard motor, and our st.ldard survey ard camping gear e/ere used for the suneys which
werc carried out dlring the period ?-15 July 1986.

RESIJLTS

SaEple disfibutioMl diagams for 20 of thc Eore important Typ€ 1 tidal syst€ms surrcyed
aie talen dircctly ftoo the r.lemlt Monograpbs a.trd aie showr h Frgures 20 to 50. Small T}?e 1

systcm6, suc.h as thc Goonadea (Monograph 5), and s)steds with only a few crocoaliles remaidrg
in tlem harc bcetr ooitted. Ar exaople of thc latter is tle McArtiUI River System (ModogtaPhs

A and 19).

we suweycd six lagooos on tie up6tr6am non_tidal section of the Roper River as follos: kd

1453L(f':-km'41.o-M.7,km 2:2415,14 ?52l.267.0, km 385'335.8, Plus a sid€ccek of 0.6
km ald l(m 3492-3525. These sections atc shocd on ihc work oaps, Figures 2 to 19. In Tablcs 1
to 7 w€ give thc rcsults for the night spotlight surveys of the individud lagoons and show tle size

structurg situatio!, and n@ber of C. Jbrt ttloti sighted" C Polo$lj are not shov./|r in the Tables as

only onc aaimal was sighted duing thc course of the sul€ys, and tlis was a 5{ anim4 at kE
146.0, oDly 0.7 km above Roper Bar.

DISCUSSION

Dtstributional DlaFams

Ir dorthern Austlali4 'Iype 1 tid.l s'stems normally deander tbtoug[ coastal floodplainE
ofte! harr lalgp drainagp basirq atrd haiE a heavy fteshwatcr iryut during the wet seasor The

inllow deseases but ledairs sulficicrt as tf,e dry scasoD progresses to prev€ the salinity
upEtream (though noving uPstrcam gladua y) from nsing aborc the sea water values measured at
thc mouth of thl srtem (s€e pagps m-105 Morcgaph 1). There arc eiceptions, howcver, for the
Type 1 systems ir th6 dorti-w;si xiabertey usually rua through rugged gorges aad fault lines. It is

als; to bc doted that major Type 1 systcEs often contain non-Type l v,aterwa)s as well- The

Adolaide O{otrogtapb6 3 aad 19), Livcrpool (MonograPbs 7 alrd 18), a.!d Roper (Monogaphs 12

and 19) Systems a@ excelled examples ofsuch srst€Es. Such matters were d;scussed in C- hapter 9

of Motrograph 1, where a[ tie tidal s]stem Eainstreams wcrc dassfied accordiug to their salinily

srg!atures.

One dight be tedpted into betievi.Dg that the disttibutional Pattern of C Potoss along all

Type 1 tidal ;aterq,ay naillstrea.Es should be esseitialy si.lrilat. As wil be seen by irsPection of

ti; distdbutional diagraEs io Figures m to 50, tiis is rct th€ case. There c be co.siderable
varialion frod one Typc 1 system to a.aother; howev€r, the shapes of the various distributional
patterns appear to fall into fout tather broad goups, with colsiderable ovetlap betweer them lve

have grouped the ?0 major T,?e 1 s'stcms as follows:

Group 3

Prince Regent
Roe

Gmup I

Blyth-Cadel
Liverpool-Toml.inso!

Rigs,m,21
Figi.?2-24

Fie.43
Yry.44



Ducie
Rope.r
Daly
Adelaide
Victoria

Grcup 2

East Aligator
South Alligator
W€st Aligatot
Wildman

Ftg,z5
Flgr?5-A
FiC,30
Flgs 31-33
Figs.3,35

Fie 36
FiS. t,38
Ftgs.39,40
Fi& 41
Frg. A

Mitchcl
Glend-Gairrl.ner
Vr'cdock
GoroEuru

Group 4

Fi& 45
Fig.,16
Fre.47
Fig. 48

O.d
Glydc

FiS.49
FiS.50

An acccptablc Eodel fo( the dyraEics of populatioDs oI C. poto$/J dost be able to accoutrt
fo. the saliert featurc6 of thc distributional pattcr! of the admals sighteq ar $mmdized iD the
distributioda.l diagrams for €ach river systeE. Ir fact our model as dcsc.ibed in Monographs l, 18,
19, ad i! thc I roductiotr to Monograph Z), grew out of our eadeavors to explain the imporuar
features of aa cr,cr increasing databasc, suonarized by thc distributioaal diagrams for thc tidal
riwr systeEs survelcd. It is tlus llot $[pdsi!g that our Eodcl car explain thc naia featurcs of the
distnlbutional diagraEs not otrly for Typc 1" but for notr-Typc 1 tidal systems as wcll.

Ttc fi$t cdtical breal-through towaids deriving oljt lrodel was achievcd whelr wc foo.d that
wE could classiry the tidal rivcr ststems i! rorthcm Australia b,y ticn sataity profiles a;rd,
$rprisingly, tiat the sizc structue of the aliEals sighted in thed varied as showtr ill Figurc 1.
Almjst colclrreatly *ith that came the stlrt of er€Ir Eorc surprisilg re$ ts concenring the
ni(.ing crocodileE now summarizcd aad deleloped in our model as follows:

1, It app€ars tiat thc populating of rod-Typr 1 systed3 (hyfErsalirc oi parrialy
hyper$linc coastal and rca-coa6tal wateflvaF) re$lts mostly fro6 thc cxclusion
of a large fractioa of thc sub-adult crocoaliles ftoh Typc 1 systems and atry
frcshwatcr coEplcrcs associated with thcE. Adult ciocodilcs appear gederally to
toleratc hatcblitrg 2-3', .rd somctiDes eve! 3-4' sizcd ciocodiles ir thcir vicinity
(but rct alwaF-ttcy so|a€tim€s eat thcm, pagc 43 Monogaph 14-or kill them,
pagc 33 Monograph 1), but not latger crocodilcs. lhus oace a crocodile reaches
the 3-4 ald 4-t dze classes, it is likely to be challcEgcd increasingly oot oDly by
ciocodiles trear or ir its own size dass (p6ges 454-458 Morcgraph 1) but by
docodiles itr the largc! size classes asd to be €xcluded ftod the arca it was able
to occlrpy when it was sdaller. A r€ry dynamic situatior premils with both adults
ard subadults being forccd to Eove betweer vadous components of a EysteE and
batc,€er systemc Crocodile hteractioos or agglessive[ess betweer ciocodiles in
all sizc classcs ilrcreases arourd October-during thc breeding seasou (pagc 445
Monograph 1 ard page 109 Monograph 18)-ard exclusioas, if atry, dormally
ocolr around this period. A substantial fraction (€0%) of the subadltts, Eostly
ir the 3-6 sizc classcs but also including immature largcr crocodilcs, are
eveatually €xcluded ftom thc rivet propet or are pledated upon by larger
crocdilas.

2. Of tho6e crocodiles that bave becn exclud€4 some 6ay talc refugc in fteshwater
swamp 6reas atrd billabongs associated with lhe waterway flom which they vrere



5.

exclud€d or i.n the waterways loo-Tr?e 1 6eeks if it has a.dy. Others may travel
aloDg thc coasl until hy chance (?) tf,ey fird a notr-Type 1 or arottct Tr?e 1
q,aterway; however, in th;s latter case they may agair be excluded ftom i!. Others
may go out to sea and possibly Pcrish, pcrhaps becausc of lack of foo4 as tley
are laryely shallow{,ater otr edgc fcedetq or they may bc takcr by shark' Those
ErdiDg uotr-Type 1 slstems, or assodated freshwater complex€E frcquedt these
areas, which act as rearhg stockyards, for varying p€riods udtil they r€ach scxual
naturity, at which time they endeaior to renrm to a Type 1 breediBg srst€m.
Si8ce a l6rge ftactio[ ol thc cocodil€s sigfued ir rca_T]?e 1 syst€rxi mnst be
derived frod Type 1 systcms a[d tbeir associatcd frcshwater complexes, they are'
as scen il! (1) aborc, predonina*ly subadolts in the 23' size classes or just

Datue adults (page 431 Monograph 1). Bot[ subadu.lts a.nd just mature adults
might attempt to letum ard to be forced out of a system many times before
Elrtly being succlssful ia establishidg a teditory in a Type 1 system or itr its
alsociat€d fieshwater complex. Clocoaliles may have a hoDing irtstilct (t!is
important poifi requiies firther study), aad evetr though a fracdon of ctocoaliles
may firally retum to and ledain iu a Type 1 system o. in its associated freshwat€r
codplex, the orcra.ll sub-adult numb.rs dissilg-pr€sumed dead remai4 high and
appcar to be at least 60-70%.

Nordally, tlre ftcshwater complocs (swaEPs ard/o. bilabodgF) associat€d i{ith
tidal s'stem6 arc foutrd at thc tcrEidal sections of sma.ll a.od large crcekl rutning
itrlo the maia vaterway, or at the t€ndiral sections of the Bainstream(s).
Thougb thi.6 altcrMtive habitat is usualty very limitcd iD erdert, sporadic (al1d
sometimes creDsive y€arly) destiBg do€s take plac! o! it, There arg however,
sevelal fairly €rce[sive freshwater complexes associated with Tne 1 tidal s]stems,
ard thes€ are inportaat as they may act both as rearing stockyatds and as
breeditrg systeEs, just as tle Typc 1 wateretay does itscLf. E €mplcs of th€se are
thc Glyde River with the Araifa swanip (Monograph 9), the Aligator Regon
Rivers witl their wedaads (Morcgraphs 4 14, ad 19), alrd the DaIy, Findiss,
ReFolds, and Moyle tulcrs wit! their wedands (Motroglaph 3). Not ody can
the lo6s factor, which appcars to occut duitrg the exclusion stagc, be exP€cted to
be lo*€r foi moveEe s into and out of swamp ar€as associated with a TyPe 1
waterway, tltan for movcmeDt i.!to and out of coastal non-Type 1 systems, but the
lo6s of rests due to floodirg caD also be expectcd to be less. We have observed
rcsts dade of f,oatitrg grass caae nas in the Da.ly River Aborigiaal Reserve area.
Itus recovery of the C. poro$rs population on Tr?e 1 tidal wateitars, with
subgtaotial associatei Aeshwatei complexcq ca! be exp€cted to be faster than o!
otter sfstems (pagr 445 Morcgrapb 1, Page 98 Motuglaph 14 atrd also see
importalt resrilts for thc 1984 resurvey of Aligator Region a.od Adelaide River
s]rstems appeaing in Monogaph 19 whete we verfied tlis prediction).

Though there arc wide fluctuations, especially after "dry wet' seasons wher the
animajs are concedtrated into the tidal waterways, it appea$ that as the number
of large crocodiles ia a tidal watcrway increases, thcre is a tendercy for the
number of subadults in the '6' size daeses to decrease or i.ncreas€ marginally
oD.ly. This density dependent behavior has an impo alt bea.ring on the rate of
population glowth aDd otr the sizc structure of tle poPulatioa.

An importart a.dd remarkable fact becomes evid€nt i! Type 1 tidal systems if ode
€xcludes the '4' size class and focuses on the 4-t and 5-6' size classes only.
Reg&dless of how large tbe recruitmert Eay be, the nunber of aaimals sighted



ir thc +t ald 5.6' sizc classes seeos to rerrai[ css€ntially constant or idcea.scs
slowly oDly. Thus a aajor botdeacck occurs for tf,€se size class€s. It is as if tlere
are a defitrite mbcr of slo6 for thesc ariDals otr a give! ri\cr s,steE, add tha!
the number of these slots incrcases slowly ody-if at all (dotc especia.ly tle
result! for the Elyth-Cadell a.nd Ui€rpool-ToDkilson waterwals il Monocaols
I and 18 ald the 1984 resulr! for the Atligator RcgioD and Adelaide-River
systcEs app€adrg io Motrograph 19). Thc cocodilcs theEsclves aDDc.r to bc
prinu'ily rasponsible for lhe very hcavy losses of about m % that ;cu, in thc
proccss of trfing to secure thase slots or to itcre53c them in ntmber.

6. If ooe coDsideE a group of 1OO of the sub-adult ci:ocodiles i! a TyDe 1 tidar
systeE vitiout a substantial ftcshwater complex associated wilh ir, onsca! cxD€cr
somc 80 to bc cxduded Aon it, ar lcast 60-70 of ttre orisiDal lfl) ro end uo
6i<{"g-presuEcd dead. less than 1520 to suc.essfirlly estabish teritories on thc
systcm wittrirrt having to lcavc it, and tlc reEainder dight evc ually also r€tum
and establish a tc.litory espccially aftcr becoaing sexually matue. The vrry
nature of this Eattcr is such as to preclude prccise figures, aad they must bi
lootcd upor rs b.oad estiEates oDIy; howetEr, dctailed study of our results
(Mo&graph 18) trow iddicarcs that the pLsing-presumcd dead 6sulc;s li&cb ro
be h exccrs ol ru. For srstcms with substa.llial frcshwarer coEDlercs associatcd
with theE,lhis figUIe is iikely ro bc consid.rably lers

7. Wlc[ therc i! a! exclusior ftom Type 1 sy6teEs of sub-adult ariEals. Eostlv 3{.
in size but also i[dudirg immaturc Iarger aaimals, this rales placi naidy i! rtre
beeding seaso4 norbally cofimedcing arouad Scpteober-O*ober and
apparendy lasting tlroughout tlc wet sea6on. Aay inllur of animals iu the 3{,
and/or largc sizc dassas app€ars to occur eai y in t[e early dry seasor alld to
be .cohpleted in thc Jure-early Septenbcr period but may il some ycars be

8. After a siogle "dry wet' seasor there b a substantial iDllux oflarlc atrd sohetises
3"6' .niE't.. forced out of frcshwater coEplcles, into t.hc tidil waterways aad
thcsc ate sightcd dutitrg Jhc.July surveys. Surveys Dade itr October-November
of t[e samc year usualy reical a substa.ntial decrcasc in the jmber of 3-6,
and/ot larEc .ai61ls sighted; however, thc number of large adnals sighted
sometides remaiDs bigher tlaD p.eviously, ald bencc a number of the new larse
arirna.ls do aot letum ftom whercc they came. These animals appear successirl
i1 !'staqisblig a territory od the waterway, and it could be the nEterway flom
lrhich tley had origirdly b€er orcluded Thc dry wef variatiotr ir thc nudber of
arimals sighted appears to be superimposed upon the variations norDrally foutrd
quring sulveys followiDg usual wet scaso!:i-which geaera.lly result i.n exensi!€
oooding otr tle upstrea.D sectiors of the tidal waterwa)s. Hatchling recruitlr€nt
od thc tidal watcrways is gcnerally grcatly onbarced duriig 'dry wEa' seasons but
appcars to bc grcady reducrd in dajor swaop habitat. The rc\€rse appears to be
tnre dudlg normal or heavy wct seasoDs-

. Tte k€y to tlc understarding of the distributional diagrams-th€ where, the how, the why, ard
the when-is cortaircd €sse[tialy h the eight points of the model River abov€, all centcr€d in one
way or a!ot!er, around the mattet of crocodile habitat, intelactioDs, extlusions, aad losses.
Consider thj €ssentialy "be sbap€d" distributiois of the tidal slatcms showr itr croup 1 (Figs. 20
to 2.6, n, 92. aad, 34). Id the case of each of these *at€rwals, resting appeais to occur larg;ty on
thc mialsections of the waterway-either on the brackish and/or carly freshwater sections. The



positiotr of the pea.k of thc distr0ution, that is thc m€ar distancc upstream (!agc 333 Morcgtaph
1), varies for each sizr dass alld is roudy hvcrs€ly Foportiodal to sizc lhe meatr distance
upstream of the hatchlidg peak is greater thar tlat for 2-3' sized crocoalilosi in tur!, the mq|r
distarce of 2-3' sized crocodrles is gleater than that for (H') crocodilcs. The peal is usualy still
quite distinct for tie +t sizc clasq but somedmcs s not so evident for the 5{' size dass and
specialy not for larger crocodiles, which, for the Group 1 s)stemE appear to be aore evenly
distributed along thc dver. On the basis of thc itrteractioDs and exclusioDs discussed h (1) above,
these distltbutio[al diagrams are easily undclstardable. Tbe gradual shifting of thc distributional
p€al dowDstrc.m, of cocodiles in thc 23, +5' atrd 5-6' sizc classcE may be utrderstoo4 al l€ast ir
part, od the basis of th€sc ciocodiles beilg on tieir way out of the rive! system, as thcy are fotced
gladuafly do*lsEcao by tle largc! crocodiles, whrch are mor€ eiedy disttibuted along the river
system (pagc 334 Mooogtaph 1). IfowE\e!, thclc arc modirying features imPoscd uPoa lhis
geaeral picturg the most important of which is the availability of altemativc habitat to which the 1
6' admals Eay be excluded rather tha[ being forced out of the dvet systeo totafy. This
altcrnative habitat for the Group 1 systems may consist of small fteshwate. svramps, as on the
Adelaide add Ropcr s,,ste.ms, or of noa-Typc 1 cleeks, al in the case of t[e Adclaide (Fi& 33),
Roper (Fr& z/), Uvcrpool (Figs.22 ald 23), and Ducie (Frg.29; or the limited extrecc upstreaE
tidal ad non-tidat sediorB as oa the Liwrpool-TomtiDsot (!ote specialy tlc ToEkiDsod) ard
Blyth-Cadcl S]$eEs. For bolh of thcsc latter sj/stems we have shosD thc distributional diagrams
fo. July and October-Novembcr sun€F in order to higtligr,t the fact that eclusions of animals ir
the &6'size clr5s6 appc.rs to set rn with the ols€t of the brecding season arouad October (see Fl
abovc). Note partiqrlarly id Figuc z), fof the Junc 1982 sufley of thc Blytl, tle :+5' animals on
tf,. river Eouth sectio!" apparendy on their way into the livet system.

The surv€yable leryth of thc tidat fresbtate! seclion of each of the Group 1 systems t€rica. It
can be small as i! the cases of tf,e Bbth-Cadcl (about 25 km), Livcrpool-ToEkiDson (abou! 15
kd), ald DucG (nil) or largc as in the casas of the Roper (sode 70 km) and Adelaide (sode 70
tm). On a map, the non-tidal ftesh*ater sectioD cal appeat to h€ iery long itr fact usualy much
looge. thatr thc tidal sectioo. Howcvcr, gleat caution js n€eded whcn studyiag river slstems on
Australia! mapc Beyold the tida.l lidit, the rivers usually colsist of iatermittedt waterholes with
sectio's i! betw€en which arc &y duriig the dry season. We discuss a survey of thc upsuea8 non_
tidal seatior of the Roper system latcr itr this paPer. E:ranitratioa of the dGtributioml diagraBs
for the Group 1 sFterrs shows thc &op ia c' Porotur numbers Past the didsectior of the
mainstreaEs. Ttis decrease in C. poroor.r numbes is particularly strikiig in the cas€s of the long
Grcop 1 tidal systems-the Roper, the Daly, thc Victoria, alrd to a lesser dcgee for the Adelaide.

If ooe is able to procecd beyord the tida.l limit (as we did on the RoPer), the siglting of c
pororw b.comes sporadic onlt atrd the sighting of C /binstoni becomes common. It was on the
Adelaide River h 1qt fuag€s 39 and 40 Morcgraph 3), that tlc surprising sightings of C
joinrtori otr the tidal saltwater sectlons were recorded for the frrst tiEe by us and was then to be
rcpeated mary times over by othcr tidal systems (see page 459 Monograph 1; pages 19 and m
Monograph page 16 Monograph 8; Pag€s 25, 58, 59, a.dd 79 Monograph 12:, pages 20' X, 6L,'72"
ad 80 MoAograph 13; pag€s 30, 45, ?1, a!d 110 MomgraPh 16; pagas 56 57, 71,72' 75, atd 8t)
Monoglaph 19). This evidence supports the second pornt h thc hypothesis we fust Put forward itr
198 (page 20 Momgraph 2):

'Could it be that all stages of c. iohtlstoni caa ndeed tolerate salinili€s higher
than those in whicb they have heretofore b€€n found? Is it t!€! tle case that the
scarce observations of C johnttoni 't 

lidal;vel's reflect exclusion by C. Po.otlt
rati€r than an i.ntrinsic intolennce of salile conditions?"



Ou! p.ediction about C jorrnrlori beiDg able to toleiate salinities greater thatr tto6€ of ftashwater
was alsolroven corcct whetr Taplid and crigg (Sci.Dce 1981, 2121045-1ft7) discovered lingual
salt glands both irl C. poror$ and, C iolt tstoni.

. The stape of!!c distriburiold diagraEs for the tidal systeEs shown ia croup 2 (Figs. 36 to
42) are stikirgly different Aom ttose for croup l. Udike the gcDerally bel.Oapia distritutions
for the Group 1 system6, tlo6e for Group 2 ara ske$ed heavily towards thc upstream ficsbwater
s€ctioDs of thc wate.rwayj. ltese watenrarrs arc all in the Alligator Regiotr a.d har€ otrc thitrg ill
coomon-excelled altemati!€ habitat otr their up6tr.am sectioDs, id the forE of substaltial
ft.cshwater swanrps (sec poidt [3] above ia olII model). The dLtributioas show, to ryirg degrees,
signs that the dcar distalce do*:$trcas of the peal of tlc distributior varies for each size class,
roughly in1€lsely proportioml to sizq ad hcdce indicate that some of thc aaimals arc beilc
forced do\llstiead and probably out of the satcflays. How€ver onc c:n plai!.ly sce the inpur oi
admals in size dasscs Z+t or ttc c*leEe upstrea.D scctions of the East Alligator (Fig. 3t alld
the South Aligator (Fig. 39)-note €specia.lly NourlalgG Crcck- One can see a sinil'r occurrcace
fo. aI size classcs od the wildda.r System. These 6rimal6 can oDly come ftoo the upsucam
iwaErps that ad both ar beeding and rcaring ueas.

- Thc shapas ofthe distributional diagrads for tf,e tidal s',stcBs ia croup 3 (Figs.43 to €) arc
quite similar to ttosc ol Group 2, but the rcasors for thcm b€ing so are quite diffetedt. Node of
these systems, witi the exceptio! of tf,c Wentocw.(fi& 47) has fteshwatcr swalops ot ary import
up6t&am. The Wenlocl doas havc somc ft.shwate.r sw?mp (s€e page 85 Monograph 16) ad
pcrhrps could be irclud.d in Group 2 as crsily as in Group 3. In tie cases of thc irrince Regcnt
(Frg: a3), the Roc (Fig. aa), tle Mitcncl (Fre. at, thc clenelg (Fig. 46), ad the coromr:ru @9,18), thc distributioDs arc all stewcd uFtrcam bsause suitablc rcstiig habitat is essedti.lly all
located o! thc upstream scctioEs" For the cnccption of the WcdocL and coroErEu, the
dowbstraam sectiors of the Group 3 eatcrways have cithcr \ride bays, rocly go.ges, arolo!
turbdcDt vaters. Odc should note thrt for thc waterways in Group 3, one again sees the sbifting
dow$tream of the distributioaal peal *ith iacreasiog sizc dass. Excelent examples of thc
importaDt lolc that altemativc habitat can play for cxcluded aiimajs i! ttre :+5, size classes caa
bc sc.d id Frgures 43 ald 44 for the Prircc Rcge and Roe Systcms respectilEly. The North ard
South Arms at thc Eouth of thc Princr Regent show that sose 95 such aniDrajs s/erc sighted in
t[cm and tiat Crccls A to F at thc mouth of the Roc System held a Dumber of excluded animals
as wElL

We goupcd thc O.d and clydc Systeas separarcly into croup 4 (Figs. 49 atrd 5O), bccause
thcy do lot quitc fit any of th€ othcr gloups, though thcir distlibutiooal diagrams are intcrpr€ted
easily. bspectiou of thc work maps for thc Ord System (pagc 321-3?8 Monogaph It shows that
tf,e Ord Systerr is not quite like any other lhat wc su!€ye4 Its zeio point b to ttc rcrth of
Adolphus Islaad in thc East ArE of Cambridge culf aDd it retails its grif-like fearures uutil km
40; thelea.fte! the river bcgirs to m€aader. Betw€€d kl'l 12 ard 20, to the east of Mount
CoDrection, therc arc thr€e creek {hich provid€ alternativc habiat for >3-4 animals excluded
froB the upstream bre€di[g sedions of t[e Ord Move the crocodiles of the three creeks to th€
right oa t[e distdbutional diagrad, ard you could be looking ar the diagraE for the Blyt! Starem
with similar reasoaing pcrtahing ro rhe distributiod.

The clyde River (see page3 108 and 141-145 Motugaph 18) dlaiDs tbe Arafura Swadp, rnd
the Coyder Ri€r ruas into thc swar:rp. It is a unique s]stem and one of the most iEportalt for the
udderstatrditrg of the dynamics of the popo.lation of C. polo$u on the no.them ArDh€m Lalrd
coast, The Swamp acts both as a brc€ding alld rearing ar€a alrd appears to hold aaimals excluded
ftoo Type 1 systems to ttrc west of it, such as the Blrth-Cadel, Lherpool-Toml.jnson, aad
GooEadeer Systems (see pagcs 100-158 MoEoglaph 18). Therc appeals to be coDtitruing



movcdetrt of &esc a.dimals to ard from these systems, ald the Glyde River is thc cotrduit itrto a.dd

out of the Araifa swadp. Th€ distributional diagram (Fig; 50) reflects tiis beautifully, whcr€ ore

notes a pcak for the admals at the Eouth of the Glyde a.ud a Peak at tle uPstr€am swadp end.
Mircr n;sdng talcs place on thc Glyde, but the najority of arimals sighted otr it are likely to come
from the swamp or elsesiele. Note the latgp numbcr of Eo animals, probably new animals

entedrg the s),stem.

Survcy of No!-tldtl S€ctions of th€ Rop€r Rlver

The 7/ km of upstream lagoons survey€d and spodiglted on the Roper fuvel between km

1453 and km 353 constitutes !7Vo of tjle total up6trea.E distanc€; tlc remaiider i5 la€ely
nureloun dry watclcorEses. Tables 1 to 7 revcal a healthy populatiod of C iohnstoni oi t\E
upstream non-tiala.l s€ctrons of tle Rop.r Ril€r. Out sun€ys of the Roper id 1q79 rev€ated the

*st C. pnasan. or tle tm 80-85 sectioa of thc maiDslream (!agc 66 MonograPh 12) ald

bctl'cen this ald thc Rop€t Bar at kE 1453, at lcast an additional34 C iotnstoni as well asn C.
porasls werc sighted. During thc 1985 $trrcy of the Roper, the first c iornttoni was sight€d oa-the 

tm 95-tOO iection, aad thercaftu at least a fi[thcr 4L C. iohnstoni *erc 6*ted otr tte tialal

scctioD !o Ropc! Ba.r (a'tr isolated C iohtlstoni was itr facl sighted on thc km 45_50 section).
lfm€t..n c potorut were siglt€d od thc same s€ctiors of the maiEsaea.d inlabited by tle c'

Thc &aEatic chargc itr the relatrve abundaftc of c Pomsus ard c io,t6io,ti between the

tidal se.tiotr of thc Eal$tream iEmediately below Rop€r Bar a.od the notr_tidal section above it is

seen by exaEiling Tablcs 1 ad 7. Or the 14.9 km sectiotr immediately above Ropet Bar' 73 c'

iol&ttoni were silited aad ooly one C pot &tq betwccD kd 1453 and kla 353 on the 77 km

suveyed abova the Bar o y that onE C. potosus v/as sighte4 wherc.s 307 C- iohnstoni w.tc

courlteaL

on page 57 of Monograph 12 wc dade thc statcEent tlat thrcWhout oUI survels of tie

northcrn austratian rivers we i ariably haie foud tf,at &c density of c. Potot r plu.Emets as

sootr as the fteshwatcr scctios of rivers are reached We inlimated similarly on pagEs 33+335 of

Monograph 1. As we havc seeD, tbis is .sseDtially so ir the case of the Group I tidal- rystems' but

in tf,c-case of tte non-Group I systeEs it certaidy is not so. Wlat one car say is that for those

tidal systcds dot terminatilg i! fteshwater swamPs but becomirg a serics of intermittent

watcrholes, the delsity of C. potorlu is essentia.lly zero on the doB_tidal sections of the eaterway.

A word of cautior shotild bc bterpolated he!e. Tho fact that no C Po.osr are at present

foutrd ou tle upstr€ao Roper does aot neccssarily meatr that tiere never wele signfiraat nu:nbers

of C. oorosr.rs on such sectioEs. we arc lookiDg today at a depleted Population, aEd one hunclred
years ago, when thc populatior was much higher on the tidal sections, it is possible maay nore c.

po*t* *o" pushed up i.nto the non_tidal s€ctiots. The sase wardng applies to the

ifierpretation oi the distributrons oa dost o&el systems as well. Th€y rellect severely depleted
populatioDs in matry cas€s.

The delsity of C. iohnstoni sighted in the six wat€rholes (sectiors) survey€d varied

conside.ably, ftoB 2.1/km od thc kd ?0?.0-228.1 sectiotr (Table 2) to 7.0//km otr th€ km 349 2-

3525 onc. ihe overall density for the sixwat€rholes was 4.0/km. The waterholes on the upstread

Roper River are coding udder iacreasing tourG! pr€ssurq and we fourd d€fmite evidence ol

po;chi gfor c. johnstoni, using baited hooks, od the km 207 0-228.1 waterhole.



Food supply, ia tla tray of small fisb and specially icshwater turtles, appearcd plentiful in the
c,atarholcs sufi€yed, Ba.rla.Errldi wEle nowhele to be seea 6[d not a siqle toudst that we met
had bcca sucalssfirl in catchilg onc. Oae wonders at the resource pla.D.ring that allo*s the
destructio! of such a.d clt&mely valuable toulisrr assct as barramuddi whe! oqly a few individuals
be&6t fioE tf,is des&uctioD. The qatcrholcs ilo not appear to providc icry suitable habitat for C
porot J; howEvcr, there is one erccptioq atrd that is the downstread portio! of Red Lily Lagood,
Lrn 318J-3354. At kE 31[|i there is substaltial frcshwater swamp which appeued to provide
excelled habitat for C. porosrr. We w€re coavidccd that if C porof8 lrEs to be fourd on thc
cireme upstream sectiors of thc Ropcr fuver, the[ thL was tlc area. On 15 July 1986 w€
cbartcred a helicoptcr so w€ could carry out c?reful low lcvcl sueeys of t[c swamps, looking for
sigls oI C. por?rur a.!d specially for old nests. Norc \rB3 fourd

THIS WAS, AITER 16 YEARS OF SIJRVEYING, OUR FINAT CROCODILE SIJRVEY
IN TIIE NORTHERN TERRITORY.
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TABLE 1
ROPER R|VER, KMt45.&t60.2, JULY 7, 1986

IV_INV€GETATION IVIW _ IN VEGETATON IN WATER OM_ONMUO IM_INMUO
SWO€- SHALIOW WAIEF ON EOGE MS-MIOS'REAM EO-EYESONLY

N6bd of c..roil6.di.Do.r.d i. ah ia da dd litqioa oa up3r€d Rop.r Rivd. On (34') c.
pod6 sthr.d { knl16.0 no. i*ludcd in TrbL. Nd-h.rhlitra ddrny it..37*n.

TABLE 2
BOPER R|VER, KM207.&228.1, JULY &9, 1986

IV_INVEGETATON IVIW _ IN VEGEIATION IN WAIER OM_ONMUO IM_INMUD
SWOE-ST LLOWWAIEFONEOGE MS-MIOSTF€AM EO_EYESONLY

Nrot€ of c. jordr&, irdtrcd in ah riz. chs .!d .nu.ion on lptraf Rop.. Riv6. Non.h.tnlina

SIzE I}I FEET
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NUMAER
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cRocs

stTuanor OBSEFVEO
FEEOINGOM ti, swoE MS

HATCHIIXG

(0.64.9) I

(0.9-t.2)

(1.21.5)

(.r,.e) 5 5

(1.8-2,1)

a 3

EO f a
l7 2

9:'E II{ FEET ituME€R

cRocs

stTuaTtofl OESEBVED
FEEOINGOM IU SWOE MS

HATCHUTG

/.0.64.9) 2 2

(0.91.2)

(1-2.1.5) 1 5 1 5

5



TABLE 3
ROPER R|VER, KM235.2-24r.5,JULY 10, 1986

IV - IN VEGETATION IVIW _ IN VEGETATION IN WATER OM-ONMgD IM_INMUO
SWOE _ SHAIIOW WA'EF ON EDGE MS _ MIOSIREAM EO _ €YES ONLY

NrEba of C- irldot lOdr.d itr *h 3ie d:, .nd 3irdrion or upnrao RoF Ri6. No-h.Ghtana

TAELE 4
ROPER R|VER, KM252.5.267.0, JULy 11, 1986

IV _ IN V6ETATIOI,I IVIW - IN V€GETATION IN WAIER OM_ONMUO IM_INMUD
SWOE _ SHAILOW WATEA ON EOGE MS _ MIDsTREAM €O - EYES ONLY

Nlmla of C. ri.r6r.'i 3pdr.d in dh laa ds and 3nurion on upd6n RoD.t Ri*r. Non.hrGhti.!

s|ZE |r{ F€ET
(metrcs)

NUMA€R
OF

cRocs

SITUATION
OBS€RVED

tv tvtw Or'l IM swo€ its FEEOTNG

HATCIIUI{G

(o.64.9)

o+1_2)

o.2-1.5)

(1.92.t)

EO



TABLE 5
ROPER RIVER, KM318.+335'8, JULY.l3'14' 1986

-  -  - -  l
slruAlloN ossERVED IJl..xs' :'"si"':l ," Ii"r* 
"if.il swoE Ms T;i$x8-

M SWOE MS(metes) CROCS I tv I lvlw . 
oM n

HATCHUNG L , L 
- I

1 3 L i

tffi ii3^tltt;v:s;tJ5:";J:vun:'r"%--?Iy"K#-"'""
L'llii*."-:,*ltg';n'5;:,;y.ia"if:,'1'";'lf:'"1:1i"1'Ji'ff"5:f 'l';:'l .1:**'

TABLE 6
ROPER RlvER, KM349.2'352.5, JULY 12' 1986

SIZE IN FEET
(netes)

li#ti:^ti,;uvls;?J::"#'ei;Bv+l'r'%--?i*K'y-^""
IllL1 ., 

" 
ror".,., "*.0 

in a'h si& 'r's znd inu'i6n on uon'6 RoP'r Rivd Non-h.'hr'ns

NUMBERI slruATloN oesenveo
oF - ---r - -r- -l 

- -=: ;l FEEDTT{G
caics tv j rvrw J ott I rM swoE] Ms



, TABLE 7
oVERALL UPSTREAM ROPER R|VER, JULY 7.14, t9E6

SIZE III FEET t{UUAER
OF

cnoqs
SM'ATION

OESERVED
FEEDIIIGtvtw OM til swoE s

HAICSUl|G

(0.60.9)

a*1.2) a2 a1

(1.2-1.5)

o.rt.0) 3a 3 30

(1.921) 5

2

EO>a

€o 9 2

6 a6 2

lY*#lESfiilSUY:N ;'!J€:",4':i,'3Hl:1,OM-ONMUD IM- INMUO
& - EYES ONIY

Nub.rif c. Jar6r@, rpd..d ir.adr rir. chs sd ,nudon.6 urn6 Rop., Rivd from tht.j.J.
;fi;,.-1,:"ffiJ,tr 

""r 
rrr.16.0 rd in rud.d h rbr.. ro.d di''re sry.y.d *4 ?7 i;:



z

; ^ ^

z

t

TYPE 3 SYSTEM
DENSITY 0.4/KM

H -  4 Y n
H  +  { 2 . 3 ' )  +  l 3 - 4 ' l > 1 1 %

> la's'l = 73%

ryPE 2 SYSTEM 
.''

OENSITY 0.5/KM
H - 1 4 %

H + ( 2 . 3 ' l + \ 3 - 4 " t > 3 3 %
> {4 '5 ' )  -  50%

TYPE 1 SYSTEM
DENSITY I-5/KM

H - 2 7 %
H + 1 2 - 3 ' , ) + 1 3 - 4 ) > 5 2 %

> (4_5') = 399'.

1 0  1 5

OISTANCE UPSTREAM (KM)

YCure 1 lyeical.{.y s:asoo sr.lidty p.odlcs for the tbrcc types of ridal .iver syst€ms occurring in
the modefs dassification scheme. In a Typc 1 system the sa.lioity decreases steadily a! otre
progrcss€6 upstrcam ftoIn tiat of sean/atcl eeaslllcd at the moud of rhc water""y (-35o/oo). Itr
cont st, in.-a TXre 3 systeE thc salinity ilcleases steadily as otre progrcsses upslea-.' tlpe Z
slstems. fall so_mewherc betweel Type 1 ad Type 3 systeEs and iend to ihow hypcnaline
tcndencie6.as the dry seasor prog.esses G,ages 100 arld 101 MoDograph 1). es showa above, tte
aoD-Datchrr-og deosrty and sizc structuc of the crocodiles sighted ir the three kirds of s:6tems
difrer stikingly (rabb 9.2.1, page 419 MoDograph 1).



.=

t

E

9

t
I
F

.

3

6

.3

'ri

1l

l}|9ls r€r$l'l

=

a

:l
3

:IE
.

1

-<
t
=

*



u

ROADS Stolr'l ARE APPRO(IMTE ONLY

OLD POLICE gTATION

t*i'ltfj :'iffifl urRlr€ JULY 1s86

ROPER HIGII{AY

ro tup 2
SIOI-LOI PROCED O{ RHB

SIIALLO{ ROCKY BOTTOI
PROCEED WIIH CAIJTION

154

MRRO/i CTIAINEL . PROCEED
WITH CAUTIO'I CLOSE TO Lr€

150

ISIA.ID }IIDSIREAfi . PROCEED
WII}I CAUTION CLOSE TO LHB

152
ROCKs - PROCEED
I{ITH CAIJTION OI.I RHB

RED FOCK

149

153

151

R O P E R R I V E R

'| 48

147

TREE sTllIPS IN WATER
PFOCEED WIT}] CAIJTION

KI L.OIIETRES

i46,& DcBlslvE RocK BAR AcRoss
\I RIVER . PORTAGE REOIJIRED

| \]S retctmnurs noe* au

I **"'*\.'(
i* .o* \)\

.IO URAPTICA

Figuc 3. U!'sEeam Ropcr Riltr 1.



20
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Figure 31. Distributional patt€m of cf,ocodil€s on the maiutreaa of the Adelaide River h Jdv
1984 (ftod p. 98 Mooograph 19).



,IE

Figure 32 Distibutiooat pstt tt of Oocod)hls Porosus on the Adelaide i! July 1977, SePtember
1978" Septembcr 1979, and Jdy 1984 (ftod p. 100 MonograPh 19).
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1qt, July 1978, August 1yD, and July 1984 (frod p. 181 Monoglaph 19).
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Frgure 43. Crocodilc distdbutiotr otr the Plilce Regent Riirr and the St. ceorge Basitr in July
1978 (ftom p.24, W"A- Report No.34).
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Figurc 45. Crocodilc disributio! o! the Mitctell Riv€r id Jdy 19t (from p. 23 WA. Report No.
24).
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Frgurc 46. Crocodilc dtuttibutiotr oD thc Glerclg aod Gairdaer Rivcrs h July 1 (ftom p. 14
W-A" ReDort No. 34).
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SIJMMARY RESI'LTS OF SIJRVETS OF IIIE I{DALWATERWAYS
IN TI{E KIMBERL T OF WESIERN AUSIRALIA

DIJRING THE YEARS 1977, 1978 AND 19E6

H. M6s.l G.C. Yorltcelg A.G. Wclls, wJ. Grt r ard LC. ODI€y

Departrcat of EnviroDdeiital Physics, School of Phjsics
U €rsity of Sydrey, N.S.w. z)06, Australia

.rd A-A. Butbldgc ard PJ.I'uler

W€stem AusEaliad Wildlife Rescatch Cedet
DcpartEcrr of Cooscrvation atrd Lald MaragcEctt

occatr ReefRoa4 woodvale. westcm Al,laalia

ABSTRACI

SoEc 50% of the iEportant Cncodyhls Porosrs habitat in thc Kimberley of Westem
Alstralia q,as sunE €d for the 6rst tiEc during thc years 197 and 1 . In 1986 we r€surr€yed
Eost of the tidal systcEs 6tst surveycd in 1yt ald 1978, ard in ad&ion surveycd the 2O3 km of
tidal systems ir thc West ArE of Cadbridgc Gu.f. A dow but importa.[t recor€ry apPeats to be

oa thc way olr tbe still rdroto tidal vatcrways of the Kiobcrlcy.

The iecov€ry on thc Ord and GleuclS Systens niEics tlat of tf,e tidal vaterwavE m thc

rcrthem ArlheD l,and coast and is undcistood oo thc basis of oul poputation dFamics nrodel for

C. poto$a but a altob€r oI iotriguing quastioas reoai!- Aftet an idterval of 8 years, both oI thc

Systens ead up *ith a non hatchling <lersity lcss thaa what v,as fould when thc srsteos w€re fust

surrcyed by us h 1 . The numbcr of (fi') alinals sigbted rcEaircd closely tie sase or
decease4io*ever the aumbar of largp anidali sighted essctrtially doubled in both cases. The
ratio of (36)/largF alidals decreascd as preahcted'

Thc Pdace Fiederick Harbor atrd Priace Regert sJsteds show a slow but imPortant
rccovery. On &ese systems, with theit rcr_TyPe rearing stodry6rds neat the $outh of the

maiDstrcao, rct o!.ly ha3 the density of trotr-hatcblirgr increased but the trumber of large aniEals

has almost ttebled. Thc ratio of (16)/largc .";-n" abo fell as prcdicted- Our Populatior
dFadics Eodel is ablc to accoud for the results ard ia fact predictcd such a fitrdin&

In 1E/8 we gave a! estimatc for the nuober of non_hatcbting Cpotorur remaining h the tidal
waterways of the Kidberley iD W€stem Australia. Our estimale then was that a maxiEum of 2'000

noa-hatcbliags reoained. What about our estimate !ow? A total of 978 don_hatchlings P€re

siglted or tle 7$.4 km of tidd waterqaF surveyed. Thjs yields an estimate foi thc actual numb€r

oanor-hat.hlings of betwee! U41 and 1.667, at thc 957o confidencc level W€ cstiEate that we

have now suft€jrcd some 67qo oI t\eifrporta',t rocodile habitat i.u the Kimb.rley. This behg the
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casc, the cstiEatc for thc total ooo-hatcbliDg C. poro$rr populatiod ia Vr'cstcm Australia is
bctwra 2300 ad 2,488 aDiEals" It is to bc codpared with tle somc 3,000 animals leportedly
tale! for their sldrs arouod thc Adniralty culf arca aLodc, durilS &c !'edod 19691965.
Protcctiotr for C. portn r slould continuc, for it is dow apparetrt that recovcry of tf,e populatiotr
must bc Ecasured in decadcs.

Oul rcsults 1106€ a nuDber of interesting questiors, espc.ialy about thc paucity of batcblings
ard Gococlilcs il thc (2-3) sizc dass sightcd durilg thc 1986 sut!€y. Thc auobcr of largc
cocodilq sighted ilcreascdby { factor of about 3. Conld camibalisn by thesc ajrimals be onc of
thc reasors fo. the sEall hatcbfings ard (2-3) aumbers sighted?

INTRODUCTION

Dudrg thc years lgt and 19/8 s€ systedaficaly sufl/rycd ard cbarted the majo.ity of the
Iargc Kmbcrlcy tidal riiEr ststclrs (Ftgs, 1 ard 2) aid hvertoried, Crocoqlus poroars i theE..
Th! odly sigficant trcas not surlcyrd b tho6c ycarr c,crc tle Walcott l{et-Securc Bay arca and
tf,e Wcst Arm ol Cambridgc Guf-with thcir associatcd tidal rivcrs Durirg 1986 wc rcsurvcycd
do6t of thc systems ws had donc i! fr, and 1qE and sunrcycd thc tirial systeus of the West ArE
of CaEbddgc Gutffor tf,c nist tine.

The fouowitrg tidal systens of tle Kirobcrlcy in Wrstcrn Aosttalia werc surveyed by u6:

C€nrbtidgc Gulf
Old River Systcd (East Arm)
Wesr Arm
S€lers Cleet ar Lnr 125
Fo.r6t Rivcr at *m 15.0
Calal Cree& at km 16.0
Parry Cr.at at &B 18.0
Kilg Riv€r at k n 35.0
Dura& River at km 61l)
Peltccoct Ril€l at lm 620

Port Warrendcr
lal,lcy Rivcr SystrD

WalmedyBay
Mitchel Rive! S]ster:l

Priacc FrcdcricL Harbor
Hultcr Rivcr System
Roc Rivcr SysteD

St. Gcorge Ba5ia
Pdnce Regeat River Srrstem

Georgc Water
salc River
Gle!€lg River SysteE

l5.as t2a.8,E

Latitude

1t03's
15.11'S
15.17S
15"US
15"185
Lv20's
1530'S
15365
15375

143'S

14?4'S

l.f02,s
1t08,s

1t58'S
15'48 S

Longitudc

1zrmE
1 T06'E
ur08'E
12f04'E
1AME
12A08'E
12f09E
'zTfl'E
1Zr5LE

125'53E

12942E

2faE

12AfX'E
12f42'E

Thc coordinates shom are those for the km 0 point of the wort maps givetr in Monograph 15 and
m-
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Thc suve)s of 1986 csscrdally wiad up oru 15 year prograa of slsteEatically surveying and
chartirg ovcr 100 tialal systeEs in nortlcm Australia ard sttdying ajrd invcdorting thcir docoalile
populatiols. The rcsults of this *ork hal€ appeared ir a series of 19 Moaographs publGhed by
Pergamol! Prqss (and two rcporls publshcd b'y tlc Western Austlaliar GoverDde olr lhe 19t
aod 19E surrcyt).

Thc c,ork suEEairzrd vart bdcfly ir the present papcr cove$ tic surl€F of 1yt, 1978 and
1986 ird {,ill appcar iD &tail in Modograph 20, a sp€cial volume devoted mainly to tidal systeDs
i! the Kimberley ofwcstern Australia.

Thc ab/rys of the major tidat systcms ia thc Kimbcrlcy c.ricd out ir 1Yt and 19 l\'eie
important lot just b€cause qE werc able to asccrtaid tlc sta$s of c.poron6 i.d tbose slsteEE but
cvcn morc importandy, it wBs results froE &€se surveys ttat providcd a numbu of the ba6ic ideas
about thc dynaEics of c.poloslrJ populatioDs.

whc! the 1qt ard l surrys werc carried out ir thc Kimbcrlcy, *c still did dot hart a
Eodcl for thc dyn sics of C. pon nlj populatio[s; i! fact data ftom tf,e 192 survey of thc Pridcc
Rege River ststeu Fovid.d lrs with o[. of thc 6rst clucs for our oodel od pagE 47 of Report
24 wc statcd:

'The distributio! ol ciocodilcs ia thc largcr sizc dasscs ia thc mai! River aad its
crc.ls ir rinil^r to thai of a badly depleted populatron, exccpt for thc almost
completc absedcc of largpr docoalil€s ncar tle mout[ of thc River (Table 8).
Thc distriburion of tlc sizc classes id st. George Bash (Table ?) is in striliry
codtsalt. Here the majority of crocodiles s€cr F€re gleatcr than 12I'n lor&
indudirg 2E ov€r 1.8 E.'

Our rcGurvcy of Prirce RegElt i! 1978 thcd led us to Ealc tLe foUowiq statcderts on pagcs z?
ald 28 of RcDort 34:

'If one coropares thc dusbcr of ciocodiLs secn in 197 and 1yl8 for tho6e ci€cts
surveyed in both yc€rE t[e! tic 72 includirg 10 h,tcblitrgg ate to be comparcd
lPi& 75 iidudirg 25 hatctlilgs, Thc tcn 197 hatchlirgr *oul4 it tley survive4
bc itr thc oon-hatchlirys *oul4 if they suwive4 bc in the non-hatdnisg class by
198 so thc 72 socldiles ot 19n $e tow to be compared tPith 75-5=50
crocodilcs rcmaidlg i! 1978. Thus, there is evidenc-c for cotsi&table mortality
aad/or eoigration ia this population. comparisotr of the numb.! in cach size
class ildicata3 that tlb occurs not only i! the hatchli.lg but it the 3 to 4 4 to 5
alrd 5 to 6 foot size dasses as well The alecf,€3se amouis to 31% ard is similar
to that fourd by one of lI3 $nr! ir many othci riv€r qatteds in northem
Australia'...

'Exa.Eination of thc sizc saudurc of the cocodiles observcd ir cach of tle north
'ld 6outh arE creek (Tablc 4) providcs cvidence fot a major input of sEaI (2 to
6 feet,0.6 to 13 n) and lalgc (>6 feet or 13 d) crocoaliles frod the Plidce
Regqrt mairstrcaD and its 6eelr Thc sEall ctocoaUlcs which appear to ha!€
moved into the Basitr crc€k complexes are in the 4 to 5 f€ct (12 to 15 d) and 5
to 6 feet (15 to 1.8 m) dasses and appear to be almost €vcdy distributed among
tic Basb creeks, with perhaps some hdicatior of a lowet deisity fultler away
iod thc River oout!.'....



The Princc R%cnt Rivcr ald St Geo.ge Basi!, as { *'hole, yielded 189
crocodilcg 13 of which rrrc roFhatchlings, The combiaation of a river which
providc6 trq*ilg habitat upstrcrm atrd large maagrove block! at its mouth is
urhuc, ard fuif,er 6tudy of thc system may lcad to a better uralerstardi.Eg of
EovcE.lt patterrs in thc Salt-srder Crocodile.'

'It k utrdoubtcdly thc distcrcc of these armr wiid lcads to the unusualy high
proportioa of largc (>6 foot or 1.8 E) compared to sddl (2 to 6 feet, 0.6 to 13
E) crocodilas i! t[e Prircc Rcgc Rivcr systeE" The lario k 5418, cquivale
to 69 , \rhcica! tf,c mea! ratio for all rivers coontcd id Australia is ?7% (Messcl
ct aL 1t8b). It is po€siblc that iD othcr riicr systeEs wherc aiEilar malgroiE
blo& do dot cri* thc largc crocodilB morE out to sca and a proportio! pcrish.'

Ard on pagc 36 of thc same rcpo(:

'Orc idtclc,stiDg diEelcIrcc bctvrcca sonc Kimbc cy rivcr systeras aad ttosc in
Amlce ll,rd hai cdcrgcd ftoE our studics, Soee Kirobcrlcy riwrs have
cxtcrsiv€ are:|3 of nrangrolr-lincd tidal ceeb rerr thc Eouth of tbe nai!
5rc.di!g: rivrr. This i! cspc.ialv cvidcnt i! tlc Plincc Regcnt Rii/€r, aad to a
toEcwhat lssse! exetrt, in the Glcnclg Ri@r, but ticy also occur iD thc Or4 Roc
ad l,awlcy Rivcr s!:rtcE& Exc.pt ia thc casc of the La$lcy thcse mangrove
bloc&g havc auobcrs of largcr .rocodiLs living in tted which have morcd ftom
thr Eaid riwr pierr they hatched FlEthcr study of tie rclatiotrshiF befi/€cD
thesc 'holdfug araas" and thcir breediDg rivcrs nay givc cluas to th€ mov€dent
pattarDs of C. porontr, silcc in Eo6t AmhcE lald rivers therc arc dot such'holdilg areas' aad many crocodilc6 Eovitrg dowlsrrcam apparcntly leavc the
rivcr sFrem cdtircly.'

TIEsa icaarts a.c to be coEpsrci with a nombc. of t[e major poilts of our Eodel givetr later in
this sstioa and will bc scclr to bc vcry much h tccpilg with ticd. But more of this a!o!.

A!r!,ris of thc Nraberr distribution ard sizc strucorc of .f,o@dilcs sighted durirg the
gcncral suficls of trorthern AusEaliar tidal sysfems indicatca tf,at oae of the most impoitant
parahctcrs characteridng a tidal \v,atcln,ay ir its salinitt pro6lc. Thc p.ofle atrd habitat typc
imagc ode anothc! ald appear to largely dctcrEile thc suitability or othcrwisc of the tidal
\|atefway for brccdir& dastilg and rcarh& It was ir Monograph 5, or thc GooEadccr and King
River S,,!tcEs, that we ftst .l.d6eal thc tialal rivcrs and creek oa tlc trorthcm Arnlem Land
coasdinc roudy iDto thrcc diffcradt t'?es of *aterwaF (also scc pagqs 10G,105 of Morcgraph 1).
Thi6 cla&sficatioo played a .ritical rolc in thc urawlling of the dynasics of populatiod of C.
potsta (espc.ia.[y scc Monographs 1, t 9, 10 aad 11) and i6 given by (see F1g.3):

TYPE 1

NorEally, thesc are tidal rivcr systcEs lrcard€.itrg tbrough coastal floodplairs and haviq a
Eajor freshwater itrput ddng ttrc wct seaso!. HoqEltr, i! thc Kimbcrlcy thc riveG oftes rutr
rbrough ruggcd gorgc,s ald fault liles. The ft€shratcr iliow dccreas€s but rcsain sulficicDt, as
thc dry seasoo progrcss€s, to prcvcot tie salirdty upstleam (though Fogressing upstread
g!adu.[y) ftod rising aboi! tie s€a water values deasurcd a! th€ south of the sfEteE. Syst€ms
lsualy ruDdDg througl coastal f,oodplaitrs havc good to cxcclert rcsting habitat atd could be
€xp€ct€d to havc good rc.luitment potential lbe Blytl-Cadcll Rircrs Ststes (Mooograph 1) is
ooe of the b€st examplcs of thc Type 1 srstems of tlc Kinbcrlcy is usually more limited 6rd tlils



the rec'uitmcrt pot€dti.l of thcsc s)steEs is de6ea3ed accordilgly. The O!4 Roel Piacc Rege
ard Gl€nek ri€r Systems are exaEplcs oI Type 1 c,aterl*sF in the Kimberley.

TYPE 3

Tidal watcreays which also have a largc ftcsf,wate. idput durisg the haight of the wet seaso4
but itr whic[ thc ftcsf,water irlput drops rapidy s,itl thc onset of the dry sc6so!- Thes€ waterwayE
piich usur.lly haw short srncyablc lcagths and ofteo ha!€ dircct openinSs to the se4 arc q?ificd
by saldnies that, dudng the dry seasoD, rrc atrovc those Eeasured at thcir mouths and that
idctcase with ircreasiDg distancc uFEcam-they arc hypersalinc and bccome ircr€asingly so as thc
dry scason progresses. Nestbg habitat in such syst€Ds is minimal or aotr-eriste . A[ Mrgk
Cr€ek (Monograph t c,as gil,ea as an cxaEpL of sucb a5 system; most of thc coastal cteel(s
suveyed otr the southcm coast of thc Gulf of Carpeataria also fall idto this c5tegory (Monograph
A). In thc Kimberley "Poro6us Crc.F (Pii[ce Fr€dc.ick Earbor) i! a lypc 3 sysrem.

IYPE 2

Tidal systeDs which fal soEcwhcrc bctw@n ryI|c 1 alrd lypc 3 aboic and that tetrd to show
hypersaline charadcrirtics as thc dry seasoo progrcssca" Suci syst€ms usually halo good to poor
!€stitrg tabitat ard cquivaled .ecruitlredt potcntirl dcpending upor bow close tbey arc to T}?e 1
ot 3 abovc. Thc Huater Riv€r i! Pdnc! Fradcrick Harbor i6 a rypc 2 systam.

It rvill b€ sccn (scc Fig. 3) that cacb of theac thrcc srstcd typ6 has its oer charadcristic typc
of saliaity variatioq both ir r€spect of tiEc ol ycar ard drstancc upsEcaE, 3nd that the salinity
charaderistics lsrBely dcterdirc tf,c naturc of thc syst€id. The sali.dty profle of a ststem l'1ay be
said to bc it5 orrE uriquc si$aturc. A ri'/rr syrtcE may have oultiple sigdaturcs, onc for its
oairstrealn and ttan othcr difierent siglatur* for thc cicels atrd side qeeks.

The model ehicf, l/r havc built up and havc bcld re6ring (s€c especially Mooograpb 1 ard
18), as morc data arc obtailc4 dot orly cnablcs u5 to accourt in a co$isted fashior for tlc vast
storc of 6eld obEEflatiorr and rasults we havc acormulated for somc 100 tidal wat€.ways it
llorticln Austalia, but also drables rs to Fcd.id succassfully .esults e|.pedcd on irture iadividual
6ru./cye Thc model ruDs as followB:

1. The ti&l water$/aF of rorthcm Austrdia have be.! .1,.<iF.d accordirg to their
salinity sigatrrG ilto lype 1" Typc 2 and Type 3 q/stccs sf,o*! in Fr& 3. Type
l systeos are the maid brceding orcs and !on-T$c 1 stbtems ara rlsually poor or
ron-b(eediDg slsteEs. It b thc Typc l systems the ftesh*atc! billabongs a.[d
s€dipcrmane ald pcrEalcnt ft€shc,ater swaEps associated with them that
accourt lor thc major recruitEeit of C.porara; thc ottrer sl'stems contlibute to a
lcsser degree ald they must usualy d€pend largely upon Type 1 s'steBs alrd their
associatcd frcshwatcr comploiqs for tte provision of thcir qocoalilcs. NoD-Type
1 system also sometimes harc ftcshwatcr complexes associated witL tled but
thesc .rc rorEally quite minor.

2 As indicated in Fi& 3, our rcsolts shos. that id Type 1 ststcms some ?% of the
socodrles srghtcd are hatchliigs (of which some 5096 arc dordally lost betwccr
Jure of one Jear aDd June of thc rci, page 394 Monograph l), whercas ia Type 3
systcms do*! to 47o, showiig a much descased hatchling recruitment in nolr-
Type I sfsteEs it is at least 52%. Otr the other haad tbe percentagc of crocodiles
id thc :(4.t) sizc classes is soEe 3996 id Typc 1 s'steEs and ?3Vo ot Type 3



systcE& Sooe T9 ot tbe non-hatcbling crocodiles arc sigfucd o! Typc 1
xrate.ways and 21 od trotr-Typc l r/aterways (Iragp 419, Monograph 1).

Tho rolarivcly few largc, aad more frequetrt sllall ficsbyatcr b labon$ add
rcmipcrEarcDt aad pcrnalent fieshwater s*aDps associatcd w n tidd
rEtcrwayB are l(lown to contain C. potosu, but haw not bcrd irvcdoricd
systcEaticaly, axccpt in a few cas€s. Thc acqrratc cttcnt of theit mn-hatchlilg
C.porfir.$ populatioE is uDkaorut Based upotr tlc fact tiat thc nuEbcr of la4c
ficshwaaet ss/a6p arca!, with substantial peremial watcr (turEafy bprdring old
rivrr cha!.[cls), h northcm Australia is vcry limiacd-pcrhap6,m tmz darinum-
-and upou lindted obsewations, wc eltinated that in 1ql9 tie ao&hatcl i.g C.
pororlr population rras less thatr 20% ol thc non-hatchlirg population siShted in
tidal systcEs. Wc [ow believc that thc 20% figutc was ar o\,8!.6tiEatc for 1yD-
a! lsusual ycar a$ociatcd eith orc ofthc "dricat c/rt' slasots o! rccord. In the
(idbcrlcy thdc arc vEry few iashwEter swamF o. billabongs.

It agpcsrs tbat tle populatirg of loFTypc 1 sistcas (hypcrsalire or partialy
hyp€isaliac coastal aDd mr-coastal \r'dlcrlvaF) rasulrs mo6dy ftolt thc exclusioo
of a lalgc ftaation of thc sub-adult crocodilas fioo rypc 1 systcEs and any
fta6hc6tcr cornpl€xa3 associatcdwiti them. Adult crocodilcs appcar gcdarally to
tolcratc hatcblilg!, (2-3) aod sooaimcs cla @{ sizc docodiles in thcir
vicinity-but not always: thcy sodctidca eat theE (pags 43, Monograpb 14) or
ldl than (pags 34, Monograph 1). Irrger docoalilcs alc aot tolcratcd. Thus
orca a Crodile reaches t[c (g) ald (,l.t) sizc d.assc6, it is litcly to bc
chalengcd ircr€aringt mt ooly by c.ocodilB ocar or i! its o$,n sizc cla$ (pagEs
4tt-458, Morograph 1) bur by cocorlilcs ir thc largc 6izc dars.s. It fu thur tikely
to b€ cxcludcd &od thc a.ca it c,as abb to ocorpy whcn it was $na.ller. A very
d,,nsiic afuuari@ prcvaib wit! both adults ad sub-adt lt6 bcirg forccd to l''ovc
bctwa.[ variors coEporcnts of a systcr! ard bet*€€[ ststcm& Crocoditre
iateractiong or aggrassivcacss bctoccD qocodiLd, in aI sizc cla$cs inclcasas
rrourd Odobcr-dudng thc brccdiDg scasoa (pagp 44t Monograph 1 ad pagc
109, Momgrapf 1tl) and c*chrsionr, if aay, nonnally oc.u arourd this period A
$hanti.l ftadion (=&)%) of tlc sub'adults, mostly h tf,c (3{) sizc dasscs but
also ilcludirg ilraatulc largr crocodiles, is cvcrtualy csclu&d &om the .iver
Fopcr or is Fa&tad upon by lrrgE (f,ocodil€s.

Of tho6€ crocodil€s tlat ha'/r bccn cnclu&4 somc Eay talc refrrge in ft€shwatcr
swsnp ar€€s and billaboDgs associat?d witf, thc watdway ftom which tley wcrc
cscludcd or ir ttc $/aterwaJts lon-lype 1 clcek if it has a.ny. othcls Eay travel
alorg tLc c!a!t lmtil by chance (?) they 6rd a nor-Typ€ 1 or arothcr 'Ilpc 1
*htcrwEy, howcvcr id this laftcr c.sc they day again bc cxcludcd ftod it; oth€ts
may go out to sca ard poss&ly p€iisb, perhap6 becausc of lack of foo4 as thcy
are Iargely shalow watcr on cdgc fccdcrs, or thcy Eay be takeB by sha*s. Those
flding loo-Tlpc 1 s:6tcns, or associated fi.shw"atcr coEplcxcs, ftcquent thesc
area, which act as rearing stockyads, for varyiig peiods until they reach scnal
maturity, at whicf, tiE. thcy erdcarcr to nctum to a l}pe 1 brecdirg ststelr,
Sidcc a largo ftacrion of the crocodile,s sigbted ia nor-Tpc 1 systeds must be
derived ftom Typ€ 1 systems and tt€ir associatcd fteah*ater coEplexeE they are'
as seetr itr (2) abovq predomhandy sub-adults in the (:3) size just Eature adults
ldght attempt to rctum to aad bc forc€d out of a system many times before
frnaly being succc,sstul i! estabtshirg a te.ritoty io a 'Iypc 1 srstan or in its
aisociitcd Aeshrater compler. Crocodil€s EAy hxve a honing iDstinct (tbis
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importa poirt .equires ftrther study) a[d cvcl tlowh a ftadion of docodilcs
day fitrally retum to and reEaitr id a T)?c 1 system o. in its associated frcahwatcr
codpl€x, thc oruall sub-adult lodbcls mi\sing-presumed dead-rchain high
ard app€er to bc at least 6G70%.

Normal.ly, in thc Norticrn Tcrritory lhe frcshwater codplexc,s (swamps and/or
bilaborgs) associated with tidal systems, are fourd at thc terminal s€ctio$ or
sdal aEd largc seel6 runding into the mailr water*?t o! at thc tcrainal section
of tho mailstrcaE(s). Though this alte.latir€ babitat G osually vcry liEited ia
er(ent, sporadic (ard soEctimcs cncEsive yearly) nesting alocs take placc od iL
thcre arc' howcver, seveial fairly erdersive fteshc,atcr coEplcres associated with
Type 1 tidal systems and these arc idportart as thcy Eay acl botl as rearirg
stoctyards and ss brcedi[g srstcsq just as the Typc 1 l|rateiway do€s itsell
Exarplcs of ti.sc arc thc Glydc River with &e Araftra S*laEp (Monograph 9),
thc Alligator Regiol Riv€8 with their *rtlaads (Modographs 4 14 arrd 19), ard
thc Daly, Fmis,s, Reynolds and Moy'e Rivers pith th& ncdads (Monoeraph 2).
lbc lo$ factor, whi.h appcrrs to occur du.ilg tbe erclusiotr3 stago, car bc
cqrcdcd to be loqer for mo!€DedB into and out of swarrp arcas associated with
a lypc 1 waterwat than for movcncul into ard out of coastal non-TFc 1
systcm!" Thc loss of trcsE duc to floodirg car also be expeded to bc lcss" Wc
bavr ob6cre€d dests Eade of floati.ng grass calc mats in the Daly River
AboigiEal RescrvE arca" Thus .c.owry of tbe C. /roro$lr poplatioa :ad Typc 1
tidal wEteFayE with subGtantial a$ociatcd ftcahw"atcr complexrs (o. with large
rcFType 1 watet?aF associated with thcm), can bc espccted to be faster tban
oa othcr syEtcEs Gagc ,145, Monoglaph 1, page 98, Mottograph 14 aad also scc
impo.tatrt .csults for thc 1984 resuvcy of Alligator Region ard Adelaidc River
systcEs, Moaograph 19 wh€ie wc verfied this predictior). Ia thc Kimbcrlen
ftqshc,ater complcrca arc foutrd only ir thc Camb.idge Gutf area a.nd do not
occrlr to any €xtctrt or tlc trorth wcst coast.

Bccaosc of tf,c -80% cxclusior and at lcsst 6&m% b6sc6 of sub-adutt clocldilq'
AoD rylc 1 sFt€dr as thcy procccd toward s.xual nratutity, there appsrs to
havc b€c! oa sigrd6cant surraincd iacrcasc ia the no!-hatchling C. polo$lj
popr ation or thc soEc 500 kD of tidal waterw"rys doaitorcd h tf,c Mairgida
arca of northcm Australiia sincc thc coEdcEccEcot oI our syEtematic survels id
19?4, a period of ted,€ars (Morogrdph 18). With the cxc€ption of thc clyde
Rivci, these watcrwald Lavc oDIy ftcsh$ater compl€rcs associated with theo.

Thougb t[ere appeaf to have bcetr no $rstaircd sig ficalt i,lcf,€ase in the
mbcr oI rco-hatchlilg crocodiles sighted on thc tidal i,aterways of thc

Ma.drgi& area sincc our survcys staned itr 1974, the size structure of the
admals sighted app€ars to havc beetr cha.ngirg slowly. Notq/ithstandidg
substandal fluduationE th6 ralioB of sEaI (2-6) to laryc (26') alrd (36) to largc
animais werc decrcasing otr tle Blyth-Cadct day have been decreasing on tle
Livcrpool-Tomlirson; and w€re deceasiDg overa.ll on ttc tidal wataways oI thc
Madogrida moritoring arca. Thris ticrc was somc halicatio! of tie
coEdclccEent of a slow recovery phas€.

9. For the 861 km of tidal waterq,ays of the Aligator R€gior with thcir substantial
Aeshwatcr complexes, and the Adelaide River StsteE, there l/as strorg eviderc€,
as of Juty 1984, that a.tr idportad ad sustaiftd recovery was underway, as
piedictcd in (6) above.
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lhough thcrc arc widc fluduatioDs, cspcaialy aftcr '&y s,rt' saasoEs wf,.tr thc
arimals atc codccdtratcd iaro thc tidal waterl'.a],5, it appears that aB thc mbcr
of largc crocodilas ia a Typc 1 tidal *atciray ilciaascs, thcrc i5 a tendency for
thc aunbcr of sub-adults in thc (3{) siu cla$€s to decieasc or i[dcasc
nargirany only. Thus thc total aumber of (3{') and largc alinals sighted
appcars gcrcrally to bc holdiag stcady or incrcasiag slowly only. Thi6 dcrsity
&pc!&Dt rc(.qitnest has atr ieportalt beariry o! the rate of populatiotr growth
and o! the sizc structEc oI thc population-

W!€a a steady statc is reacbed h a 'r.corrrcd' popdatio4 th. Iatio of (3{') to
la4p aninals ldght bc considcrably lcss tlar onc.

An iEportarr ard rqnarkable fact bccomcs eviddt i! Tr?e 1 tidal caters'ays
(which arc lot owrly exlausted and oo thc road to rccli€ry) if onc cxcludes thc
(34) sizc dass and foq.sas on th. (a') ard (5-6') sizc dass4 o!.ly. Regardlass
of holr laryc $c rccruitdclt lnay bc! the lumber of aniDals sigfued i! the (4-t)
arrd (fu') sizc classrs secEs to rcEair csscntiaily corstalt or ircraascs slo*ly
oDly. Tho! a najor botdenect ocotrs for thcs€ sizc classe,s. It is as if tbcre arc a
&6nite Dumbcr of thcsr slob incraasca 6lowly o y-if at all (note espccially thc
rcsolfa for thc Blyrf,-Cadel ard Livcrpool-ToD&i[sotr caterflays i! Monographs
l aiid 1E ad thc 19t]4 rasults for thc Alligator Rcgiotr ald Adrlaidc Riv.r
systeEs. Mooograph 19). Thc crocodilcs th(,olchrs appear to bc prilrarily
rasporsiblc for thc vrry hcavy losscr of =?0% tiat occur i! the proc€ss of tryirg
to sccurc ticsc 3lot6 or to incrcaie thcm in rmbet

If orc coDsidets a group of 100 of tlc sub-adult crodilcr h a Type 1 tidal
ststcE *ithoot a sub6tartial frcshwatcr compl€x associated with it, orlc ca! exped
sooc 80 to bc excluded &ol,1 it, as least 6G70 of tic origiaal 100 to cnd up
missiag-prcsoacd dcad, lcrs thar 15-4 to suc.€ssftly qstablish te.dto.Gs oD
the sFtem without haeiag to lcaw it ard thc rcnaidcr night cvcrtualy also
retum and e,stablish a territory, cspccialty aftcr bccodiDg sexually maturc, Thc
l,Ef,y na$rc of this datter is such a6 to prcchdc prccirc 6gorc5 aad they must be
loolcd upon as broad cstiEates oDly, HowEv€r, detailed study of our results
(Moiograph 1t]) low irdicate,s that tbe DissiDg-p.€suDed dead fgurc is likcly to
bc is cxccss of ?0. For systcns lrith subEtartial icsbwatcr compl€xes or la€c
lotr-Tyt c 1 ratclways associatcd lvitl thaE, thi6 fgure fu likely to be
c$lidcrably lcss.

wlca ttrcrc is aa cxclusior iom Tt?c 1 sl,stcms of sub-adult admals, mosdy (3
6) h size but also includ;ng inmaturc largcr adnab this takes place mainly itr
thc breciing seaso!, sormally comDcrcing around Scptcmbcr-october ald
appaready lasting throughout thc wct scasot" Aly intrux of atdnals in the (16)
rnd/or la4e sizc clarscu appea$ to occur mably itr thc early dry scasor and to
b€ completed itr the Judc-early Sept Ebcr pcrio4 but Eay be eadiet i! some

Aicr a si4lc 'dry rcd scasotr tlere i5 a substantial i lux oflaigc ard sodetimes
(3-6') animaiE forcld out of fteshwaicr coEplctcs into the tida.l water.rals aad
thesc arc sightcd during June-Jdy surr€ys, Surveys made in Octobei-November
of thc saoe ycsr uually reveal a sub6tandal dedcase in the number of (36)
and/or largc aninrals sightcd- Honevcr tle mber of largc aniEals sightcd

15.



somctiees rcmaills higher tha! previoEly atrd hcdce a number ol tbe ncw larac
aniltals do rot retum tod whctcc they camc. Thesc aaimajs afrpear succcssirj
in establishiDg a tcrritory on the eraterway; it could bc tf,e wate;v ftom whicb
they had b€€n origimly excluded, The dry wet, r,ariarion ia tli aumbcr of
n"i'r,als sighted_ap,pcars to be superimFoc€d upon thc variatioos normally foud
9*Tp .**l" followirg usual wct seasons_whid gencrally rcsult ln cxensirc
BoodiDg oo thc uf'str:eaE sectioas of the tidal wateriap. Hatcbliag recruitmcnt
on thc tidal wat€rw"ays is gcrcrally grcatly erbarccd duriry dry *ci, seaors but
appcars.to b€ glcady reduccd i! dajor $,amp habitat, Tb; rcverse appea.s to bc
truc duriag DorDal or h€avy w€t s€altobs.

On thc basii of thc abovE dodcl *€ madc the followiig statemeIrt on page 61, Motrograph 19:

Tunlrcrmorg oac would Fcdict any rccorrry on Eary of the ridal lJatcrwais ir
the KiEberlcy oI Wcsten AustrElia to bc .i-it,, ro that fourd io rlc Madn;da
a.€a Ttc tidal watctflay! thcrc arc oostly devoid of ftcshwatcr comolcxes oi aav
cons€qucncc, howc\,e! the Glenelg and the pridce Rcgedt Sr6tclis h;ve cne$ive'Iypc 3 sFtclrs-sinilar to tta Coboulg Codplcx_t thci. mouds atrd thasc-ighr hclp.keep 4c €rclEion and/or locs factd doq/D. We sun€]€d thcse tidal
:arcrways_rl ,19t7 Td 19t (WL Reports 24 ard 34) aad a resurvcy ir rhc ncar
future could throw fiuthcr light ou out oodcl and alLow furthcr refircEent of it..

-- . Try fy_ 
"y*y"_.f 

rlc Kinb€rley ddal ststeEs r,cre carried out by tf,c trow.sraldard,
UEversrty of Syd&y Crocodile Rcscarcb TeaE and st fr ftod thr Wcstcm-Austra.lian Mldlife
Re,scrr_cl Cert6, Dcparhctrt of Consefi,ation atrd Iand MaragemcDt The clarter ./Esse! tlre
{;C.. 

pilccan was Uscd_ for rf,c 19{t6 survcys a.dd was cicwed by Ur. fctcr Satori (Master) atrd
clclice Mufio. Mr. WaryD Braithwaitc was rhcL young aDd able assisrad ad a.tso participared
in thc surveys" The Univc.sity ofStdrey rcsearch varsd 1!9lgg Mgssc! was used f! fte rs77
atld 1q/8 surveti. Detaits about staff and (f,cw lor thasc laner survels arc given in Monograph 20,

RESI'LTS

_ Stan-tard suwcy metlo& as laid down ia <lctail i_n Chapter 2 oI Modograph 1 werc useil for
th€ spotrigi. sur'9cF surnmary results for each of the tidal watcrways sunr]e iAtm,t..6alla
1986 atc shocdt in Tables 1 ald 2

h order to obtai! a[ estiEatc foa tlc number of C. por?rrj thcrc are ra thc srsterrs we
sirwcyedduring 197, 1978 ard 1986, w€ havc tatca tle results for the l,awley ard Mitcbel River
S'stees for 192, added iD thc results for the SaIc River sUII€yed ir 19,78 ard then added in the
results fo. all thc systeEs we suvcyed b 1986, The r.sutts arc shosn in Tables 1 ard 2 under the
headiDg'OVERAI KIMBERLEY-IATEST SURVEY".

_-_- Nert in oraler to see how great thc recovery ir the Kimberley has becr since the 19?7 and
19?8 surveyg l'E took thc lat€st of tle 197 or 1979 suve],s for cich of the systeas ,esurveyeo
during 1986 and added the rcsults for these together. lvc then added together tie 1986 resuls for
the same systeos. Tbe rcsults for this arc showtr i.n Tables 1 ald 2 udd;ttc headiEg ,OVERAIL
KIMBERIEY-RESURVEYED SYSTEI\.IS ONLY". Tbe detailed resutts, taodiog tl"
disLributional diagams ard Euch other rclevaDt data and dilcussion arc appearbg in Modographm.
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In Tabtca 1 ard 2 w€ havc also inclurlcd rcsults for somc iEportalt tidal systeE in the

Northcrn Tetdtory so that the rcsults fourd fo. thc Kimberlcy systelrs cor d be cldpaled with

thco. For compaiisor, *c chosc the Blyth-cadcl SFted' orc of lh' b€st Typc- 1 systeds on the

noaf,em arancm Laad coast and a sygam which lrE utalcrstatd i! somc detail (scc Monograph 1

-a f8). W" 
"ho* 

toofts for NovaEbct 19?5 and Odobet 1983 suxl€y6 in ol'ler to deEoostratc
how ia aa cxcelleot lYpe l systcn, lot hwilg substaltial ftcshwater cooplexc6 or Dajor ror'Type

f rcarinr sockvatdt aslociltcd with i! one cat hare good rcduitEc yeat after yeat (sce

tvfooo-ioh6 f *a $ fot Eorc detajts) ad yct rct find thc dctsity of don'batc$ling socodiles
incrcairu. After a pcriod of 8 years only thc sizc sttucfure of the aliloals sighted appcared to

Oaflc. L thc 
"udber 

of brgp admals incicascd the ebcr of aniEals iIr thc (]6) sizc dasses
dcc!e-a$d" Wc also show rcsult for thc Goomadeet Sysrcd (Moro8laphs l. 5 artd U) whose siz!

is closc to that of the Glcnelg;

Thc thitd watcrqsy *€ chosc to comParc witb {t! thc Adllaidc Rivcr System O4omgrapbs 3

aarl 19). This largc systco ia onc {Aich is shosiDg a $Btaiocd ad 6ajor recowry' we giic

t""oft"?ot O" fnfv-OZ aad July a4 survcys. O[c should tutc the big incrcasc ia tbe oumba of

futg" -i-ul" 
"igtit"a 

-a rhc ipparut coosta*y of thc ruEbcr of 'niEals sighted in thc (3{)

.iri 
"r*,"* 

nI ea"uta" sysrcm has a rumbcr of small &rsls/atet complexe's associated wili i!'

-a;-p".t-Oy 
" 

oo-U"t of langc ooo-typ. t crcck systc4 o! its Eouth sediong which funcrioa

as rcarirg stocLtards.

Thc larg. McArthr Rivcr SFteo is tlr fouth systeE ch|o6€r lor coopariso.! O'lo&grapbs
rg -dlgi. ii i" 

"" "o-Plc 
of a tqy latgc systcs ir which lhc c' Potoflit populatiod is @ariDs

"rf.*mi "ith 
ftrb loic of rccovery as torg aa cooncrcial nct fiahilg for boradrundi is

ocJfttcd oo muci of thc_watcrvay. fhi dcpletion of C.Potott'6 on rhai SystcE cootinues through

ihc &owniag of aocortiles in batraEundi trcts'

wc havc also incbdcd resulti for tidal systcms h t'no broad geographical areas so as to be

ablc to codpate thc ovcrall KiEb€rley rcsults with tha!€' Rcsults are show[ for thc Adclaidc plus

ettigar* nlgioo ("t"U;og ttc Wildssn) fot lhc ycars 197, ad l98zt (Monogra?hs3,4' 14 ald

19).- It is i; tti" t tg" ."gioa with its excrlEnt Typc 1c'atc!*ays ard alsociatcd. ftcsheratcr

coioloes, ttat onc o6sc.rtc what appcats to bc a defnite rccovcry' RcsulB ate also givc! for the

MaDtAda area. which inchacs thc tida systcns oa the aorthcra AnLcm Iand coast, ftoE the

cooni&cr ia tiLc wcst to thc Blvth i! tlc casr (Modograpbs l. 5 'Dd 1{})' Thc rccorEry for the

excclcllt Typc 1 systsDs i! this arca is Duch tqrs dcEtrilc ard b probably cvidencld bJ th' dow

chaagc in ihe sizc conposition of tta asimals sigbted rathet thar aa iftic€s€d dersity of nod_

hatchlirgs

DISCUSSION

what car .lrc say about recovcry o! each of tic Kimberlay systeE6 surveycd? Both the ord

and GlcJc ivste'B'de-oosttated thtir ability to oinic r'he Tpc 1 tidal q/stem5 on tbe northcr

,crD!€6 L;d-coast (stowD in Tabtes I ard 2) evcl thowh riey sboold Dot have. with th€ir laryc

ror-TvDc 1 rcatiDq stockvard!. After an ittervat of eight years. both of lhcsc systeEs eDd up lith

" 
oo"Jl"r"ui"g a.*;ty tlss thaa what rras found \ther thc Syttees wcle firs! surveyed by us tn

ic7s. Th" oumbo or(16') a:rinals sighted remaiaed closely the sane or deceased' however thc

numbcr oflargc aaimaL silnea esscatialy aoutted ir both cascs. I! Monogaph 20, we €aded up

our discussioa of tf,c Ord S]steE 6s follo*s:



Wc suE up our alarysis of thc ovcrall lcsults fo! thc Easr Arm of Cambri&c
Guf-thc Ord River SystcD, by stariry that wE remain ba.frled bv a number 

-of

poitrtr. Wf,y tbc .brosr ncgligible hatchlilg ard (2-3) crocodile couat durinq the
1986 survcy? ts thc doublirg of rhe ruEbcr of larcc a.niEaj6 otr rhc S;tea
bctween 1978 ard 1986 respotrsibl. fot th\ tbrough the mccbarisE of
c.rtribdism? A.udwhy i! the exc€IcDt Tr"e l Ord S]6t€; bchavirg as ifit eas a
Type 1 ststed on tlc lorthcm ArlhcE Ilnd coast, but ualikc thosc svstens" the
Or_d, !g an clcellent los-Tylc 1 6cct( sysr€o at its dout\ .*n li&"- tt"
Adclaidq to acl as .earirg stockyards for animals €xcludcd from the maiEstrea.E
Ard then thcre is thc rc.y laryc notr-T,?c I We$ A.ro of Caobridcc GuU whicl
is simple oae largc rearing stockfdd for animals excluded &on G Ord. whv
thcn the lagc celllsioD aad/or loqs factor of 73 on t\e O:d2 Wc lealt rhc
scarch for aD6sE s to thcse falciDatiog qucslions to our succcssors- perbao€ z() !o
50 ylars hcicc tbey will 6ad a roa-harcblilg deDsiry of 5.0/kn on tle OrC
coir6istiag largcly of adbals in siza class* ( > 6;)?

And for ttc clcDclg wc cddcd up with t[c statcmc|tf

Thc Glcrclg SyslcE wirh thc Barlc! IrtpcdiEcnr b a sma[ cxccllert sv6lcE
which ar 615r sight appcars lo havc elccllcDt recolEry poreatial Howcvcr, as *e
harc s€c4 this potcntial wil take sevcral decadcs to be rcalize4 as in th€ cales of
thc tirid sysrcns ol thc nortf,crn Aruhelr Lard coasL

Aft€r th! 1yr8 surecy, v€ bclieved that recovcry od thc Glcnclg Systcm would bc
much liko tbat oo thc P.iscc Ragctrt, with its Nortl ard Soutf,,qrms. Howelcr-
this was lot to bc. Thc North ard South ArEs acted as major rcarilg stockyards
for ard,rals cxcludcd fro|n thc priocc Rcgcat aaiutreaa, aad thJnrmber of
aaimrlg sightcd ir rheo irscased froE 27(3{) ptus 42(>6) iD 1978 to 55(X,)
plus 91(>d) aaiEalr i[ 19{36 Wc tbough! tha! tlc cquivalcai of tlrc Norft jouth
Arlns- of thc Priftc Regcst *ould bc tLc Barlcc IE!,edidcrt for t[e Glenelg and
thar rhcrc wor d bc a substarial ilcrcas€ of anir:rals sichted oa rLc llnDediEcdt.
This did trot occur ard wE do lot tdow why. Frfteen iocodiles wcrc slghted on
thc IEFdiar.lt itr 1yl8 and agaia 15 in 1986. Thc Eystery dc.pcns ;cn oie
coDridcrs, i,t additiotq tla lcsultl for priffc Fr€derick Harbor witi tbc Roc, and
tbe Princc Ftedc;& Ha$or Creets A to F. Th€s€ Crccks have
leagth of24.8 kn. The Crccks have a sun€yablc leagth of 19.0 km. Aswesawia
rhc s€ctior on Prince F ederi& Harbor, Crcrk A 6 F act as rcarhr stock!"rds
for admals cxcluded froE thc Roe a.[d the nuEb€r of noFhatchlin-c crocodile-s
sightcd ir then iacreascd &om 26 i.u lgTB to 56 for tte 1986 sun€v. 

-Aeai!- 
whv

did.ot Eorc of the socodiles ercludcd ftoE rhc clenclg u"" tli g"rt""
lEpcdiEcDt a3 a readng stockyard?

. The Prirce Frcdcrict Harbor SFteE" with tic Roe, Hrltc. al'd ,od-Typc 1 Hrrbor Crcck
A to F. bchaved as ooe would havc Fedicted" The de!.6ity of rie sighted aor-iat"rrrinr increased
sig[ificady &oE 15/kd to 25kd for thc oi€rall System ard tf,erc c.ds a malor chaagi ia tne Jze
codposiriod of thc aridals sight€d Thc ratio (36)/largc drcppen ftom 35 fot tin rc tg ror
Ae.: Th lF,*.. *,h its rcariag stod(yar& id prilrce Fraderick Ha$or is fimctiodag aspredicted and is wel o! t[. road to rccovery Its recovcry is alh to tiat for thc Adelaidc Sftea
show! itr Tables 1 and 2

. - .S-iTilal reEark apply to the cceuert pridce Rege system which is clo6e id size to thc
Adelaide S),stem. Though the density of rco-hatclting aocoa es sighted doubl€d be$e;n 1978
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and 1986 it is still ody 12lon and it dust doublc agai! to approach -the Adclaitc for noa-

ili"tlti*'tit-U"* Oo thc ;h.r ha!4 thc sizc cooPositioa of the qocodil€6 is.sucb that the (9

flnar;ratio fcll ftod L:l !o 0.7 bctw€eo lql8 a[d 1986' whcreas or ihe A'lclaide tli6 ratro wtl

;;il-dil i; 12 i! JuIv 1984. A fcw dccadcs helcc should see €f,4clleot nunbers oi large

crocodilca on thc Prircc Rcgcdt Systcm.

Thc .cinarls wc Dadc otr pagc 15't of Molograph 1E for thc ridal-sFreDs ir-the dorthera

a-1"--L-a cou.t 
"pply 

wiii cqril force for the tirlal systcns of thc Kim-terlcy'- We rcmarked

that a Eaio. sustailcd iffrcas€ in the libcr of (3_6') ard large ctocodrtcq ard uc drarge ln

;;t;.-td*" frod a donilaffc in thc lunbcr of (3-6) to a Eajot doniran- cc in the

iilt"i J r.tg. -t-"1" Prc6crt is inhercatly a sloe atrd vcry loog term proccss .During this

"-r"C 
,tir" ii- 

"t*.aiigty 
scrcrc 3odrg our Proccss rcsuhiry h only a snall fraclion of highly

Ii;;fr,l- 
"rt-"I" 

surviviff ne'surrs fo; thi "ovERALL KIMBERIIY-RESURVEYED
lisreMs ol,It-i *pp"'t'ol" 

"i"*. 
o""' * i"tcro"t of 8 to 9 vca$, thc dcisitv:f t!: ni-als

SOIJ f.-."*a m-' i:/t n to 1.6/kn odlv ard oc (+e)/urgc rafo acqcas€d fr-om z? to 13'

iffi"-U."t at"ryitg a troac how ;c.aisfid our PoPrdation dl'n"Fics Eodel for C' Porpnr'r has

L"o a Uoi"o i,t i"avt"" tlrc suwcy re.sults for tbc Kinbcrley lt has allowcd us to dbqrss

i"-U"rruli frra u* Ulca obs€rve4'cves thowh Eary vh/ questiods still ren'i'r onc of the

i--p""it oi.t t"f"to ,o thc pnucity of hatcblirgs ald (23) cocodilcs sighted o-n the Kinbcrlcy

S*l".-a*;* ,r" igeo .utntys' rlc oaact is pcthaps be* sunoarizcd by our discussiod of this

Dattcr fo. tha I'rilcc F edericl SystcE i.n MomgraPh 20:

Our 1986 survry of thc Prilce Frcd€rid. Harbor Systeo yiclded a stlr'trgc picturc

ir rclatior to ti€ nusbcr of hatcblilgs a.d (2'3) anin.ak sigbrcd" }Ilnc
bat.ll;ncs wErc obsqrcd on thc HuDtcr Rivcr and only oac oo thc rcoainder of
Oc frifu frcdact Haibor SystcE" A total of oDly 12(2-3) " n"ts i1g!3

oh6crvcd what bappcaed? As shal bc scsr lat't h this Momgrapb tti'

ob6rnation patalcls our suncy results for tlc othcr tidal *rteflays wlich sc

surrcpa in ric xiaUelcy in July'A!8ltst' 19{}6-. Paucity-fo-hatcbli4s ald (2'3')

adnals oa each of thc 6aior systcb! suvcycd Coold this bc-rclalcd lo lhc
obeer\&tio!, which c,c ahalt dilcusi shoidy' that tlc dumt'er or btge- anrm- -€rs
siahted bad ioctctscd co8idetably silcc g7! Is it possiblc lhat hatchlilg
rc-cruitneat wa! in fact nucb ltighcr, but that the hatchlitrg ad (2'3) aninals
w€rc rn'ibalizcd by the i.Edcashg nulbc! of latgc aT iEals? Or,-for soEc
raasoD, had lhc two Prcvious q,ct rEasoo! otr thc Roe_Hsdcr systcms b€el poor

nasCag scasols? Sotle indirca suppon for this lattci view Eay bc Fovidcd by

tlc 4?i(34) aliEab sigfucd (sec Tabtc 6.630). Thesr- adoals would hai'e

rasultcd &on oesring during the 19tGl9B4 w€t scason" Hoqel€r' lote tnat $e

msting succass oa tle tllrtrrcr appears to have bcen about the sase i! 1986 as it

*"" dfstn, Futhermore thc rrct seaso! ot 1985-1986 was'd4/ until the v'ry

hcavy raiafali at the end of Jaauary. This caused widasprcad aad heavy flooding
in tle lcsbcrley. Mcst nests laid doEn itr January vcre trot likcly -to havc

survivcd. Howcve., ncsts laid dow! aftcr that should havc b€c! succ€srfr'L Thr

*ct season of 1984-im5 was rclativcly dry ard thcrc \rEs litilc tloodirg in thc tidal

watcrwals of tle lcEberley. It should havc bcetr a i'Ery succc6sful trlstin- g sca6o!
c,ith little ot 

"o 
to6s of tests due to floodiD& Thetr why so fcw (2-3') admals

sigbted id 1986? Thus thc overall ntatery rcmai[s!

ThercaultsinTabl€61aldldemorstlatetiatwheoll€firstsorveycdthetida'l'iversystems
U U" fio-*i[y, during 197 ad 1978, we c/crc d""Lg *iq badl-y dcPlered Populaiiors' In

wJ"i ,c,*il; l*tl"i prcssu& o! c Po,wt$ was Particularly higb dunng tbe -early 1960's and

Uv riOi O."p"a"" rua d--" rare. C.Ponanrs was not ptolcctcd uT til Aptil 1970' by which tidc
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codlrcrcial buntiag had trcome uaccoaomic Plotcctiod loUowed in the Norttcm Territory in
19?2 and a total cxport-import bar od crocodilc products $,Es dcclarcd by thc ComEo r,calth
CoverDm-€t latcr tie same ,&ar. It was tht ba! tbat cficdii€ly stoppcd hunti:tg thoughout
Australia The speciei has dow had soEc 16 y€ars to r€covcr, but as *! have seea, tnis recoviry is
dow still oDly in its early phasc and complctc protectiotr must continuc to be ac.ordcd to th6
spc4rc&

I! 19?q in Rcport 34, wE gavc as estimate for thc Nebcr of doa-hatchlinc C. ,orrrz,
populatiod iD Westem ALstralia is b€tween Z3OO ard 2'488 ,rlm.l..

Otr page 433, Monograph 1 pc also Eadc cstidates for tf,c nunber of nod.hatcblirs
aocodilcs rcnainiag ia thc Kinberley b 198. We stated tlc folowing:

"we bclicvc tbaf wc exasiftd morc thaa half of thc bettct C. Dora6 habitat id
tic KiDbcrley. Itr rlc 5r3 tn survcF4 898 crocodiles werc sighted of wbich
2Zl $jcrc hatcblitrgs. Thc 671 tror-hatchlhg icld a dersity of 13Am ad the
estimatc for the actual auEb€r of non-hat.lli.cs prescrq at thc 95 confiderce
level L 1,04&1"152 AsoEirg thar the numbcr of nod-hatch.lings which sould be
sightcd i! thc arca6 not surve),cd is also 671 rc obtaid lower limi,ts ot ZlZj-2275
for thc nudber of nod-Lar.r,fing rcmailitrg in thc Kinberley a! of July 1978.
Orc car odeod thb €itimate (of say 2,500) almost without limit if onc caies to
mate what e,e fe€l would bc oDreasodablc alsu.Eptiotrs'

It is obvious that wc wErc ovcrly gcrdous with thk cstimate of 2Jm ard that tle figulc of 2,000
we gava iD Report 3 \ras closer to th. corcrt 6gulc for 198. Ttc 6gue of 4500 ;od.bat.l'fi.g
crocodiles is tlc 6gure for 1986. It i3 to bc comparcd with the sodc 3,OOO aainals rcpotedly
ta.tcd for their .Li.. around thc AdEiralty Gulf area alonc, during the pcriod 196&1965 Gers.
coEE. Pati€r Sa!z, forEerly of Kalumbuu Missiod).
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TABLE 2. This Table was preparcd usrng ttrc rcsults givcn in Tablc 1 aad groups the crocodiles subted into thc

i-il--ist" a"** 
"lo*i 

3ogA oe tJgo tio clasics wcrc distributed to thc (36' sizr dasses and thc

i"l"J"-"lozl. iu ie ) size classqs. rus Ggns trc aist'loutioa heavily - favor of largpr croco'lil$' which are

ffo;ff;;;"i;; A; .oii *",y. wr"" o" Eo t aa odd number, the bias is also sivcu to iic Cu6') si2!

dasses,

Totais (2-3) (3-6)
Laqe
(> 6',)

(3-6 )
Large

Survey

CAMBRIDGE GULF EAST ARM . ORD

July 18 Y 
14

J!t86 1J3 3

WEST ARM

July86 lA

E{ST.WEST ARM

July 86 8l 3

PORT WARRENDER.I.AWLEY

l$ryn
AW st 86

ROE SYSTEM

July 7
August 86

HUNTER SYSTEM

July 7
Awust 86

30 3.9
61 1.4

118
88

t7
1

9 7.9
10 2.0

\7
m

17 43
42 25

t8 3.7
67 2.0

77

l.t 2J

159 ln 1.4

JulyT 38
Lty n 44

WATMESLY BAY-MITCHELL

r I i l yn508130

PRINCE FREDERICK I{ARBOR ROE MAINSTREAM AND CREEKS

l|l|tn 1i5 31 6
,tlust Se 15t| L 9

PRINCE FREDERICK HARBOR CREEKS

11 1

7 L 7
9 2

106

19
30

665?q
110

41.

2t4

47
59



TAILE 2. cotrt.

8'

Survey Totals (3-6)H Q.3)
Iarge (36)
(>6') Latgc

OVERALL PRINCE FREDERICK SYSTEM

Inlyn A
August 86 ZTa

GEORGE WATER SYSTEMS SAIE

81 7.9
88

T&
63 47
10 12

9 0.7

N 3.4
n2s

8 5.9
13 2.8
41 1.0

r1 0,9
19 1.1
44 0.8

13 1.?

47 05

8 2.t
54 L2

132 0.1

July 78

BARLEE IMPEDIMENT

July ?8
August 86

GLENELG.GAIRDNER

July 78
August 86

OVERALL GLENELG AND BARLEE

JuIy 78
August 86

05

15
15

1E3
14

208
1i9

74
92
E1

39
a
85

35
75

146
189

11
6

N

m

68
74

19
80

41

43

15
27
33

6
22

78

98

PRINCE REGENT SYSTEM MAINSTREAN,T AND CREEKS

Jljly77
July ?8
Aug!.6t 86

NORTH ARM

tnly n
July 78
August 86

SOUTI{ ARM

July 7
July 78
Auglst 86

OVERALL SYSTEM

July n
July 78
August 86

154
31 11

56 t4
512
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TABLE 2. codt.

Survey Totals H Q3) (16)
L.rge
(>6)

(3{ )
Largc

n ot78&6

OVERAIL KIMBERLEY. RESTJR}EYED SYSTEMS ONLY

Tl or 78
1986

BLYTH - CADELL - Mo&gaPbs 1 ard 18

No\€Ebe!75 353 50
October83 354 73

GOOMADEER - MonogaPhs :" 5 and 18

August?s 6
Jurc83 63 u

ADELAIDE - Monographs 3 a.nd 9

Julyn 477 48
July 84 fiz 60

MCARTHUR - Morcgrapb! 13 and 19

Ma,!19
Septembcr E5

ADELAIDE + ALLGATOR REGION D(CL. WTLDMAN - Monograph 19

OVERAII KIMBERT.EY. I,ATEST SURVEY

July & Oct.7
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