
POPUI"ATION RESEARCH ON CROCODILES IN THE NORTHERN TERRITOR!
1984-86

Grahame J.W' Webb, peter G. Bayliss, and S. Charlie Manolis

Consewation Commission of the Northern Territorv. p.O. Box
496, palmerston, N.T. 0g31, ar:d G. Webb pty. Limited,p.O.

Box 38151, Winnellie, N.T. 0821.

Within the Northern Territory of Austtali4-Crocodyttts jolrnsroni (t-he Australian freshwater crocodile)atd'/ or. Crocodylus, porosw (the estuarine or saltwater crocld e) occupy most if not all coastal wetlalds,regardless of whether t-hey contain fresh or saline water, or are under tial ionu"o"" 
"r 

r"i liirvr'rwo",
ll^,T"_:"*:J 

O:!11f r-g" from open coasrline to'densely vegetated swamps, from long meanderirg
uoal nvers wru exposed Eudbarks,to. p'erennial,streams in roclry escarpments and scattereicl flood plail
billabongs. The exteDt of all wetlaads is strongly in-fluenced by season - particularly by flooding during thewet s&lson-

,, . ,3: 
diverse 

,habitats occupied by crocod es in the Northern Territory male quaatfication of theorstnoutro! alrd abundalce of both species .liffirult. Survey Ecthods need to b" hubiiut specifig and thenumbers of aninals or uests courted. using different- metlods may need to be standardizti ugut"a 
"u.nother, or corrected to real numbers (absolute densities), depen.r;ng on the managem€ot p.ouT"-.-u.iog

addressed- v!91e the proportion of large. crocodiles in iie populati-on is changhg L .".o;ry 
"oo;u"r, 

unew set of variables needs to be accouated for, the visibility ofiarge and smalLJcodiles is not necessarilytle sa.me due to size itself and to size-related effects of wariness (Baytiss et al. 19g6).

This paper summarizes the results. of.a series of iarestigations aimed broadly at refining survey
:":*:o:t^1?:_""1dari!in_ 

g, the relationship between rerative delqsiries -a 
"urorut" 

a'"*1,i".,1**",i."r-ry
wlur L. pofoszJ. lt addresses Messel's (1996) criticisms of our 19g4 estimate of r-he C. porosus oooulation(webb et .{ r98+) and qua'rilies rhe rates oi population growth thut h;;;;;rJ.i"i ii"iii-"isjo,. i"various habitats. Preliminary data on the impalt of harveslting c. porosus eggs from the wild are Drosented-

HABITATS

-.- I1llf^T:" 
p,ied by C. porosus a d,C. iohnstoni i\ the Northern Territory are summarized on Fig. 1.rne rnaJonty or c. potosus are either.in tidal rivers containing saline water during the dry season (8, c, D),or in coastal flood plain channers, billabongs and swanps <i, n c, H), most oi which tntfi fie.h*ut..throughout the year. wetlards up-stream o? these, indu'aing ;ver cranaers in ro"ty 

"r"rtp-*t. ig o, ooupstr€am llood Pleins (J), which often.recede to chains of bilabongs during the dry season, coutain mainlyC. johnstoni. The two species overlap in maay river systens giving ieco*;ribl" ,oi". of ry-patry. 
'

,.,- T".i1Tl*r|--! 
c' eorosus habitats in the Nortrern Territory was esrinated on a regionar basis(rlg. z) rrom l:lqr'q)0 maDs suoplem-e_oted with aerial photographs ald information from hefrcopter andlight aircraft surveys (webL 

"t 
l. use;. A d.istinction was i.ii u"*".o tidal rivers wbere c. porosuswere know[-to breed regularly (major bree.ring) and those where breediog was un-known or irregular(minor breeding). A distinction was also madeletwee' mainstreams, secoqdary creek (represented by

3::1,:_T: 
o1 the 

lans and generalty less than 100 m wide) and te.tiary creek 1r"p."J"oi"J Uy .iogt"lrnes otr t-be maps and up to 2 km long).

Nocwitbstarding the errors involved in any such assessment of habitat availability, the results varysignificantly from tlose used as the basis of a c. porosus total popuration estinate by r'i*r.i 
" 

a.lr989
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Figure 1. Schematic representation of Northera Territory wetlands occupied by crocodiles. Dotted lines

iniicate elevated lard and goss-hatched lines are freshwater swamps. A' freshwater billabougs behind

bcach lines; B, a tidal river penetrating into elevated la:rd; C, a tidal river meandering over a flood plain; D,

rernnaat of a meanderhg tidat .io. that has bccome silted; E, tidal flood plain creek with no freshwater

input during the dry season; F, isolated flood plain billabongs; G, springfed freshwater swamp adjacent to a

tiial .iver; ff, i.otui"a sectioos of an old meandering river no longer open to the sea and contaiahg fresh

water and often floating rafts of vegetatio4 I, non-tidal upper reaches of a river draining rocky escarpmeDt;

J, a seasonally flowing mai*tream chennet tha1 has uumerous freshwater billabongs associated with it

(after webb et al. 1987).



qJ
{
N\{

!

t f
t
IL
f 6

E'I

"ff
!u

/ \ <cJ ^- /

I

=

q

6

S
Sr-

. \
I

: \
o t
2 l /

Figure 2. Geographic regions in the Northeru Territory in which habitats ald population densities have
been assessed. The inland limit of Crocodyfus pomsus is indicated by the dashed line.
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and Mess€l (1986; Table 2). They did not specifically estilrate the amoult of freshwater swamp or flood
plain channef but recognised it as C. porosus habitat aad guessed that the population there was 20Vo of the
their estimated tidal populatiou.

As can be seen from Table 1, the regions on Figure 2 have vastly differeut proportions of different
habitat rypes. Some regions have efensive breeding habitat and little non-breeding habitat, whereas others
have tle reverse. These di-ffereqces are summarized on Tables 3 and 4.

In tle Victoria ald Pellew regions, where the mea.n a.nnual rainfall is tle lowest in the coastal fringe
(Fig.3), there is miainal breeding habitat for C. porosus. These areas never contfied high densities of C
porosus in the past (Webb et al. 1984), and ca:not be expected to do so ia the future. The suggestion that
over 100,000 C. porosus were talen from the Victoria River alone (Messel et al. 1984) cannot be
substartiated - the total harvest of C. pomsus skins from the Nortlern Territory during the period 194546
to 1971, was about 113,000, and a relatively small proportion of these came from tle Victoria River (Webb
et al. 1984).

,ALL CROCODILES" VERSUS "NON.HATCHLINGS" IN POPUI,ATION ESTIMATES

The extent to \xhich 'young-of-t-he-year" should be included or excluded froor survey data pertainirg to
crocodilian populatioos depends on the extent to which they can be recognised in surveys, the level of
mortality being experienced at tle time of survey, a-nd the population staGtic bciag addressed (!g14!
pggdedgllslzg or rates of recoverv).

With C. johnstoni, hatchhg occurs in a six-week puJse at the start of the wet season (November-
December), and mortality is approxinately 88% during the first year (Snith and Webb 198t. But rhi(
occurs almost exclusively during the first wet season, with some 507o mortality witi'in the first two months
(Smit\ unpubl. data).

By the following dry season, when spodight surveys are conducte4 'young-ofthe-year' fie a! integal
part of the population age structure (Fig. a). Their probability of surviving is the same as that of older sub-
adults (Webb and Smitl 1984; Snith and Webb 1985), ard in spotlight counts (which are often carried out
from a va age point on the edge of a billabong) they cannot be recognised. There is no logical reason to
exclude them from estimates of the total population size based on dry season surveys, nor from aaalyses of
rates of recovery.

With C. pomsus, hatching occurs from March to September, and peals in April-May. Most sporlight
surveys ale conducted between June ald November of tle s:rme year (in tie dry season), when hatchlings
are mostly 3-4 montls of age, but can ralge from 0 to 9 months of age. In tle Blyth-Cade River System,
817o of the number of "youag-of-t.he-year' estimated from dry season spotlight surveys were represeuted as
1 year olds the following year. They have higher probabilities of surviving than do older sub-aduft year
dasses (Table 5). Deleting then from estimates of tle total population size on the basis of 'low

survivorship' is simply not supported by the data. They are a significant but highly variable segment of the
population aad at least the mean number of hatchlings should be included in reports of the total oonulation
si?e.

When assessing rates of pooulation increase with C. porosus, greater stability will result if the
hatchling size class is deleted aad only non-hatchlings are considered (Fig. 5). This is because t-he number
of hatcblings recruited into the population each year varies with the extent of nesting and embryonic
mortality within nests. Within Northern Territory rivers, excluding hatchlings has tle effect of increasing
the a-ojlual rates of recovery by abo\t l.4Vo per year, wbile reducing the standard error of that estinate by
about 0.lVo (Table 6; see below).



Table 2. A conparison of two estimates of Cmcodylus porosus babitat availability in the Northern
Tenitory of Australia- MS = mainstream; SC = secondary creek. "*" the 1000 km of upstrealx
freshwater chalael estimated by Messel et al. (1981) equates approxinately to the escarpment char:ael
of Webb et al. (1984).

Category
Webb et al.
(1e84)

Messel et al.
(1981, 1986)

: * *

2175J km

2482.7 Us

1000' km

8/n km
7238 km

Coasdine
Coastal secondary creeks
Tidal river major breeding

(MS +sC)
Tidal river minor breeding

(MS + SC)
Flood plain cha"''el
Escarpmelt chanael
Freshwatcr swamp
Tertiary creek

L992 kB

km
km
km
km2
ck's

4325
1291
534

8A



Table 3. Regioos of tle Nortlern Territory @ig, 1) raded accord.ing to tle amoults of
breeding and non-breeding habitat for Crocodytus porosus within tlem. Ranl 1 = lowest
and 10 = hiehest.

Breeding

Swanp F/Chennel Tidal

Non-breeding

Area Coast Tidd

3 1 0
) 1

6 7
5 9
8 6
4 5

1 0 3
9 Z

7 8

15
5
6

9
10
7

8
15

2
7

10

8
9
6
4
7
15

1

r0
7
5
9
8
4
6

2

Victoria
Ddv
Darwin
Melville
Cobourg
Arnhem
Gove
Groote
Roper
Pellew

)



29

Table 4. Areas of the Northern Territory (Fig' 1) ranked according to the abundance of all-

breediag habitat (ra* r = highest)' When hunters were question;d about the densities of

;;;;dfi* rt.;s that existei in'the late 1940s, at tle start of comnercial hunting' they

il;;,tfre'i,i-hd-i"*iry 1o-u7t';, 10 nedium densitv (1-5lkn)' and 17 low deusitv areas

( < 1/km) (Webb et al. 1984).

A.rea

Historical Densities

Breeding Non-breeding HiSh Medium Low

Arnhem
Cobourg
Darwin
Daly
Roper
Gove
Groote
Melville
Pellew
Victoria

10
9
8
7
6
f,

.'
2
1

2
2
z

.'
2

1
I
1
1

z
.'
5
2

1
2

9
6

2
6

9
9
6

Table 5. The relationship between age ald tle probability.of beils represested in the river

tle following year tot Crocoayus poisl.c in Oe ntytf-CaaeU River-systim between 1974 and

ligi ta^,"T.,i I'resset et d.luai, 19841 anct ccNT as analyzed bv webb et d' [1984])'

Interval
(yeats) Mean Maximun Minimum

0313
r323
2333
3:-4.3
4353

0.81
0.69
0.79
056
056

131
1.03
I.UJ

0.79
0.80

0.56
030
0.60
0.36
0.n
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3. Mean ar.nual rainfall (mm) in the Northern Territory (187$1984).
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Figure 4. The age structure of a population of Crocodyhts johnstoni wirhin the Northern Territory (after
Webb et al. 1983a).

FEMALES

FEMALES

ALL RECAUGHT
C. JOHNSTONI

PROTECTION



32

HATCHLINGS;
a

NOIWIATCHUNGS

Figurc 5. Relativc dcnsities of Crocodyhts porosus in the Liverpool-Tomkinson River system-
circles indicate data from Messel et al. (1981) and open cirdes data from CCNT surveys.
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RATES OF C. PORO.S{/S RECO!'ERY

ffien the Nort-hern Territory htroduced protective legislation for C. porosus irl 1971, the populations
had been intensively hurted siace 7945-46, arld the adult population was reduced to a wary iemnant.
Within the lrst 2'5 years after protection, numbers increased rapidly in breeding areas (because recruits
were not being harvested), although the average size of individuals was small. In some remote breedinq
areas this initial increase occurred prior to protection (Fig. 6).

Spotlight surveys carried out by the university of Sy&ey, the couservation commission of the
Northern Territory (CCNT) and other organizations were iaitiated after this initial increase, and tlus the
analyses ilr Table 6 refer to rates of recovery from the mid-1970's to the Eid-1980's - they underesriEate
the recovery of uumbers that occurred between protection and the mid-1970t €tg. 6).

- These rates of recovcry are based on spotlight counts alode and are not corrected for tle changing
size structue of the c. porosus population (see below). All regions ftom which there are suwey dat4
indicate a positive rate of population increase anong non-hatchlings - even low density areas such as Pellew
(see Fig.2). When all crocodiles were considered, the Roper region was the only one which did not have a
similar positive rate of iacrcase. It showed a Z.lVo anntat decrease between 1979 and 1985 hwo spotlisht
surveys only; an additional survey in 1986 was by helicopter, and hatchlings are not detected), which ias
attributable to the lack of hatcblings counted itr 1985 ia one side creek of the Towns River (28 h 1979; 0 i!
198t.

Tte expoueutial rates of increase are generally higher in the "uon-hatcblings' than in 'all crocodiles',
and tle mean rates for all areas combined are 83vo p.a. (all crocodiles) and 9.7vo p.a. (non-hatchlings).
This is unequivocal evidence of an e4panding population.

THE IMPACT OF HARYESTING C. POROSUS EGGS

During the 1983-84 season a preliminary one-day harvest of C. porosus eggs (994 eggsJ w;rs
undertaken in the Adelaide River. However during the 19821-85 and 1985-86 C. pomsus nestiag ieasons,
experimental harvests (3517 and 3470 eggs respectively) were urdertaken withi! parts of three rivir svstems
close to Darwin (Frnaiss, Reynolds, Adelaide; Fig. 2). Eggs from alt nests were individually numbered and
incubated under controlled conditiong and tle post-hatching growth arrd survivorship of all resulting
hatchli"gs (individuaily numbered by mutilating a known sequence of taii scutes), is now being monitored
wirhin the cocodile farms. The post-hatchiry pcrformaace of these individuals caa be correlated with
deteil< of individual eggs, ncsts, habitats ald incubation couditions.

All dead eggs were opened and the embryos were used to determhe whctler death had occurred
before or after collection. As a consequence, the mortality within each area up until collection could be
quaatified (Table 7; data from the 1985-86 nesting season a.re not yet fuly analyz;d).

Harvesting eggs at a! eatlier stage of embryonic development was partly responsible for the reduced
mortalities compared to wild incubatior, but substantial losses in the freld still occurred. These were due to
flooding overheating and what appeared to be asphgia within sodden, muddy nests.

- The implct of reducing hatchling recruitment by harvesting eggs could be expected to be detected in
the -2-6' size class the following year. Spottight surveys within thJ iccessible paris of all areas harvested
indicated no major decline itr uumbers, which is consistent with the view that harvests of eggs will result in a
'.inima[ iap3gt oo the size of wild populations flvebb et al. 19s4, 1982). This approach to harvesting a
wild population is atypical, as the general aim is usually to reduce densities to extract a sustainable yield
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Figure 6. Total population estimates of Crocodyhu porosus (excluding hatchlings) withi! the Blyth-Cadell
River system as determiled from corrected spotligbt counts (dots). The dashed line r€presents the
computer simulation of population predicted backwar& to 1971 and forwards to 190. The heavy line
applies a density-dependent mortality ar:rong juveniles. ffig r]'in line does not apply density-dependent
mortality, but assumes hanesting had continued up until protection, and that no juveniles were in the
population at tlat ti'ne.

r ga4

! gEzl  1985 1986

YEAR

Figure 7. Relative densities of Cmcodylus porosus in flood plain channels (Finniss-Reynolds River system)
ia which eggs were barvested and not harv€sted (1984-86). Nunbers refer to t-he number of eggs harvested
during a particular oesting season. Open circles indicate densities with oqe chamel excluded (see text).
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Table 6. Exponential annual rates of increase of Crocodyhts porosus in major river systeErs within tie
Nort.hern Territory between the mid-1970s and mid-1980s. Aaalyses are based on spotlight coults
ald/or helicopter coults standardized to spotlight counts. Origind aata from Mes-sel et al.
(1981,1986), Webb et al. (198a), and additional unpublished survey results from CCNI ard ANPWS
(Bayliss 1986). Rates are calculated for all crocodiles (T) a.nd with hatchlirgs excluded (NH); Rz is
explained variance; '*" only two surveys, regression analpis impossible.

All Crocodiles Non-Hatch.lings

Area/River Years (rD R2 R2

DALY
Daly

DARWIN
Finnis
Reyuolds
Adelaide
Mary

MELVILLE
Aldranangoo
Johnston
Bath
Dongau
Tinganoo

COBOURG
Wildman
W. Alligator
S. Alligator
E. Alligator
Murganella

ARNHEM
King
Ail-Night
Goonadeer
Majarie
Wurugoij
Liverpool-

Tomkinson
Nungbulgarri
Blytl-Cadell
Crab
Ngandadauda
GVde

1978-86
MEAN

1984-86
1984-86
9n-6
198,f86
MEAN

tn5-u
tvr2-u
LEN-U
7yn-u
rv72-u
MEAN

r.978-84
rgTt-u
LqTt-U
tgTta5
Lgn-U

7n5-79
7n5-79
rn5-u
rnru
t97ru

r976-t36
r975-84
Ly7+ft6
1981-83
Ln5-83
Ln5-U
MEAN

0.05(4)

(3)
(3)
(7)
(3)

+0.104 0.91
+ 0.104

+0.40 0.01
+0.130 0.03
+0.055 0.84
+0.n6 0.70
+ 0.725

+0.072 0.96
+0.1[] 056
+0.131 0.74
+0.016 0.03
+0.181 0.73
+0.103

+ 0.@8 0.93
+0.051 0.99
+025 0.n
+o.aTz 0.4
+0.096 057

+0.240 0.74
+gn\ 039
+0.016 0.06
+0.0210 0.18
+0139 038

+0.054 0.45
+0.089 0.48
+0.002 0.m
+0.001 0.00
+0.029 0.E2
+0.143 0.78
+ 0.093

+0.r.03 0.95
+0.103

+0.038 0.01
+0.140 0.03
+0.035 0.74
+0.276 0.70
+0.72.

+0.089 0.94
+0.110 0.55
+0.131 0.74
+0.039 0.10
+0.181 0.73
+0.111

+0.153 0.74
+ 0.056 0.79
+0.21i 0.24
+0.058 0.64
+0.114 0.91

+Q.278 0.87
+0.271 0.39
+Q.Wz 0.00
+0.035 0.14
+0.1:i5 0.37

+ 0.039 0.71
+0.071 0.36
-0.004 0.00
+0.001 0.00
+0.05 0.99
+0.153 0.98
+0.@4

(t
(4)
(4)
(6)
(t

(3)
(4)
(10)
(8)
(4)

(4)
(3)
(8)
(7)
(7)

(10)
(8)
(13)
(3)
(3)
(4)

0.05
NS
NS
NS
NS
NS

0.01
NS
NS
NS

0.10
0.05

NS
NS
NS
NS

0.10
NS
NS
NS
NS

ns
NS
NS

0.01
NS

NS
NS
NS
NS
NS

NS
NS

0.01
NS

0.10
NS
NS
NS
NS

NS
0.05
NS

0.01
NS

NS
NS
NS
NS
NS



GOVE
Darwarunga lns-U
Habgood 1975-U
Habgood Ck t975-U
Baralminar L975-84
Gobolpa tY75&
Goromuru Lns-U
Cato tn'-84
PeterJobn ty75-84
Burungbirinung Ln5-U

MEAN

+o.t:26 0.m
+0.095 0.80
+0.001 0.00
+0.096 0.89
+0.091 0.93
+0.050 0.82
+0.101 0.y2
-0.004 0.01
+0.2n 0.65
+0.086

+0.077 0.94
+ 0.006
+o.017
+0.033

+0.054 0.99

+0.021 0.37
+ 0.038

+0.@3
r0.012

+9-7
,10

ROPER'
I imlngl lighl
Towrs
Roper

PELLEVY
McArthur
Wearyal-

Foelsche

7n9-'!5
ry79-t36
ry79-,36
MEAN

1979-U

rng-K
MEAN

+ 0.729
+0.081
+0.001
+ 0.096
+ 0.075
+ 0.006
+0.015
{.018
+ 0.096
+0.053

+0.061
{.110
{.015
+0.021

+0.055

+0.035
+ 0.045

+0.080
i0.0r

+ d J

40

(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)
(3)

0.89
0.89
0.00
0.89
0.83
0.06
0.25
0.03
0.52

NS
NS
NS
NS
NS
NS
NS
NS
NS

*:

NS
NS
NS
NS
NS
NS
NS
NS
NS

(3)
(3)
(3)

(3)

(3) NS

MEANOFALLAREAS
(SE)

Vopa
(fi)



Table 7. Results of the experirnental Crocodylus pomsus egg harvest in 19811-85 conpared to results for wild nests in two
of the same areas in the 198G81 season.

Finniss-
Reyuolds

finnis5-

Reynolds

Season
Wild or harvest
Nests exaEined
Eggs exanined
Eggs hatched (%)
Eggs intertile (Vo)
Egg;s damaged (Vo)
Eggs failed

l. n treld (Vo)
2. in laboratory (%)

198&81
wild

18
9n
35.6
9.4
0.6

54.4

198.,1-85
harvest

19
959
803
3.6
0.8

198+85
harvest

22
rv25
59.2
7.9
0.4

1980-81
wild

JJ

1795
29.2
5.0

62.8

1984-85
harvest

'26

1533
45.7
5.4
2.3

17.9
14.6

9.6
5.6

26.0
n.5



(Cauglley 1977). Populations at equilibrium are often reduced by 30-50% (depeoding on the harvest
model used) to achieve maximun sustained-yield.

In the Frooiss-Reynolds area (Fig. 7), some chanaels were harvested and others were not. Analysis of
varia-nce of density trends between harvested ald u-harvested areas (Table 8) showed uo significant effect
of harvest (the tirne by experiment interaction was not signifrcant). There was a significant three-fold
difference in tle deusities between the harvested and unharvested areas (Fig. 7), which indicates that
harvests were concentrated in tle flood plain ch'n"els with the highest densities of crocodiles. Aa increase
in the nunber of >6'enimals in 1985 (Fig.7) was largely due to increased numbers of >6' animals in one
harvested chaarrel, but this effect was trivial (time by size class interactiou was not significant; Table 8), and
uffelated to the harvest of eggs.

In tle Adelaide fuver, no local conEol was available and so the Liverpool-Tomkinson data were used
as a control of sorts. This population is within a tidal breeding system (as is the Adelaide) ald had:

1. Similar non-hatcbling densities between 1fi and 1979, well before the egg harvests, (Fig. 8); and,

2. A positive rate of increase after L9Tl-79 (Ytg. 8), as did the Adelaide River.

The Blyth-Cadell system, which has beeu surveyed more regularly, was rejected as a control because
its rate of ilcrease y/as close to zero - lower tha.u that of the harvested population.

Because of t-he more extensive survey data, alalysis of covarialce was used to test for dilferences ia
density trends over time (Table 9). No significaat difference in the average exponential rates of increase
(all crocodiles) between the two populations could be denonstrated regardless of size class (Table 10),
indicating no najor effect of tle harvest (as is obvious from Fig.9).

Taken togetler, the survey results from the Adelaide a.nd Finaiss-Reynolds areas indicate that some
7,981 eggs were collected from 162 wild nests wirhin 140 km of Darwin, with no significalt inpact on the
wild populations. More data are ueeded to quanti! subtle or longer-term effects, and the study is
coutinuing but rcsults to date are consistent with predictions of a minor impact.

FLOOD.PRONENESS OF C. POROSUS NESTS

A detailed analysis of flood mortality among eggs collected to date is cuneutly being undertalen.
Melacca Swanrp (our main monitoring area for C. porosus nesting), is the least 'flood-prone' of the areas
currently under study, and mortality due to flooding was modelled over the period 1960-61 to 1980-81
(Webb et al. 1983c). The results indicate flood losses ranging from \Vo to 50Vo per iunum, dependirg ou
the pattern of annual rainlall (mean = '26Vo); thts indicates a total Eortality of between aboua 20Eo and
10Vo of egs per year (mean = 46%). ^the degree to which individual nests are prooe to mortality due to
flooding is largely unpredictable, due to tle equa.lly uapredictable timiag arrd extenr of wet season rahs.

Our random egg harvest (see above) did Dot appear to have aay major inpact on the populations, and
for econonic and safety reasons, the main criteria for an efficient harvest in the future will be the
accessibility of nests to collectors, and tle number of nests available at the time of collection. By leaving a
raldom sanple of nests (those tlat are inaccEssible for a variety of reasons), and by concentrating the
haflest at the peak of nesting the impact should be less than tlat currently experienced. Attemprs ro
incorporate a predicted probability of embryo mortality (due to flooding overheatiog, predation etc) into
t.he current harvest strategy, may well prove to be costly and cosmetic.
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Table 8. Aralysis of variance of small (2{') and large >6') crocodytus porosus density trends between
flood plain chennels that are hanested for eggs (treatment) and those that are 'nharvested (control) ia
tle Finniss-Reynolds Rivers system, 198486. Relative densities are transformed to Darural iogaritbms.'t'this interaction tests the egg-harvest response. NS = not sicnilicant; E = experiment (treatmcnt
and control); T = tine in years. Flood plain chaanels are treated as replicates (N=4).

Source MSd.f.SS Signficance

Harvest-nnh arvest (E)
Tine (T)
92"-"t,"s (S)
E.T'
T.S
E.S
E.T.S

Residual
TotaI

5.49
058
0.45
0.gz
0.03
0.r7
031

LL.75
78.79

5.49
08
0.45
0.01
0.01
0.17
0.15

UJJ

76.64
0.88
l.Jo

0.03
0.03
0.51
0.45

I
2

p<0.001
NS
NS
NS
NS
NS
NS

I
z
z
1
2

%
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Figure 8. Relative densities of uon-hatchlirl.g Cncodylw porosus 'ra 
thc Adelaide and Liverpool-Tomkiason

Rivers, 197G1986, Closed cirdes indicate data from Messel et al. (1981, 1986) arrd opeu cLcles indic-ate
data from Webb et al. (1984, unpubl. data).
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Table 9. A summary of an analysis of covariance ber$een Crocodylus porosus densify trends in the
Adelaide Rivcr (eggs are harvested) aad the Liverpool-Tomkiason Rivers (eggs are unlarvested),
LnGL9fl6. Deusities are transformed to natural logaritbms. 'slopes' test significant differences
between the average annual exponential rates of increase (r). NS = not significalt.

Source d.f. F-ratio Significarce

Slopes
Intercepts

1.11
r/12

NS
NS

0.01
0.90

Table 10. Exponential a!-uual rat€s of increase of Crocodyhts porosus populations in the Adelaide ald
Liverpool-Tomkinson Rivers, with standard enors (SE) of the slope a.ud signficance of the regressioa;
'" = p<0.05, '*r' = p<0.01, NS = not sigtrificanr.

River Size Class r (P.a') SE Significa-oce

Adelaide

Liverpool-
Tomkinson

All
Hatchling

>6'
Non-hatchling

AII
Hatchling
2-6',
>6 '
Non-hatchling

0.02r
0.094
0.015
0.020
0.009

0.055
0.065
0.034
0.099
0.054

0.054
0.108
0.020
0.090
0.039

0.011
0.421
0.017
0.024
0.014

NS
NS



ESTIMATING CROCODILE TOTAL LENGTHS

Estinating the total lengtbs of crocodiles siglted during spotljght ald hel.icopter counts expands the
information contained in survey results. However, many factors affect the ability of a! observer to estilcate
the size of a crocodile accurately (Magnusson 1983), and tle precision of such €stimates has rarely beeo
quantified. Choquenot and Webb (1987) used a calibrated anmera to examine the accuracy of two
experienced observers (Fig. 10), ald fouad that one (Observer A) was erratic over all size classes when
compared to the other (Observer B).

Observers also vary in tle consistency with which they estimate the lengths of the same crocodiles, in
the same areas, as fouad by Messel et aL (1981). For exarnple, when we examined data from re-surveys of
tle same flood plain chauel witl the same observer, on six separate occasions, during the same night, a
significant rclationship was found bctween the numbers of 24' and > 6' cocodiles sighted (Fig. 11). These
data suggest that, anirnals in the 2-6' category on one slrvey were placed yithin 1!6 >6' category in
anottrer, because of randon enor in e5timaliag lgagtls.

The same type of variation occurs in data collected by different survey teams. Approximately the
same number of crocodiles are sighted at the sane ti.me (Table 11), but the size estimates a-od proportions
of 'eyes on$ cal vary signifrcantly (Table 12). In the Adelaide River (1984), the CCNT survey teams were
apparently more cautious in allocating lengtls to qocodiles sighted - they were more likely to place a-o
enirna[ vdthin &s "eyes ony category (Table 12).

There appears to be no simple solution to tle problem of staadardizing observer length estimates,
because in addition to variable precision and accuracy, there may be drift with observers who are not
regulady sighting and catching crocodiles. A c€librated camera technique (Choquenot and Webb 1987)
could overcome some of these problems, and merits ftutler investigation.

Ia tle interim, caution nceds to be exercised i! the esent to which lengtl estimates are incorporated
into bold conclusions about short-term changes in tie size and age structu-re of populations. The size
estimating procedure is inlerendy inaccurate, and long-term data are needed to sepa-rate variability due to
observers from that due to real cha-nges itr the structure of the population.

CORRECTION FACTORS FOR SPOTLIGHT COI]NTS

SPotlight coutrts provide precise relative density indices which can be used to monitor population rates
of hcrease, but they are inherently inaccurate (Bayliss 1987). Animals are usually missed ou surveys and
deviatioos from absolute density is t€rmed visibility bias. Correction factors which can be applied to
rclative density indices are needed to:

1. Standardize relative deusity indiccs for any size-related bias in sightability, which could affect the
stability of the indcx over time (if the average size or level of wariness is increasing or deceasing)
or in different areas (where the size or wariness of individua.ls varies);

2. Adjust the relative deosity indices in habitats where there are different probabilities of detection,
to afford comparison;

3. Correct relative deDsity indices to absolute densities for estimathg the total population size.
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Figure 10. A comparison of spotter estirnated sizes (to the nearest half-foot) and those estimated from a
pbotographic method (Choquenot and Webb 1987) for Crocodyhts porosus sighted during spotlight surveys
in the Adelaide River. All photographs were analyzed by the s:rme person. Horizontal lines are the meaos
aad ranges; bo:<es are one standard deviation (SD) ou either side of the meaq numbers are the sample
sizes for each half-foot category. Values above the broken line indicate a! observer is overestimating the
size of crocodiles sighted.
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Figure 11. Nurnbcrs of difrercnt s;a,cd Crocodyhrs poroJus sightcd ovcr fivc scssions in a flood plain chamel
of the Finniss Rivcr (uppcr); ard thc relationfhip betwccn thc nunb€r of 1{' (Y) ard >6' (X) crocodiles in
the sane channel (lower), Y= 185 - 0.95X (r'=0.88, n= 5, p<0.U25).
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Table 11. Relative densities of tbree river systems surveyed independently by the Udversity of Sydney
(US; Messel et al. 1986), the Conservation Comrnission of the Northern Territory (CCNT), and
Australiatr National Parks and Wildlife Service (ANPWS). Also presented is the linear regression
equation for tlese data. ''' = hatchlings excluded.

Relative Density (kn-l)

CCNT.ANPWS US Year River

2.718
0.207
0.116
3.n9

LgU
1985
1985
rgu

z.ouo
0205
0.145
3.rL4

Adelaide
McArthur
Wearyal-Foelsche
East Alligator*

Calibration Equation

US = 0.q21 + 0.955 (CCNT-ANPWS)
(Rz = 1.00, n= 4,p < 0.001)

Table 12. The size distribution of Crocodylus porosus sighted in two independent spotlight surveys of
the Adelaide River, at the same time of year, in 1984.

Messel et al. (1986) CCNT (unpublished)

No. No.%Vo

Hatchlings
)-a'
34
+5'
5{'
o- t'
> T
'Eyes onl/
C. johnstoni

Totals

9.6
f,.5

16.8
12.6
10.2
125
1 0  ?

LL.7
1.8

80
56
70
48
)9
44

LoJ

74

630

60
JO

105
79
g
78

pn

11

12.7
8.9

11.1
/.o

9.4
7.0

75.2
25.9
2.2



l. How Precise are Spotlight Counts?

,. Replicated suneys of C. porosus in tidal rivers aad flood plain chanr:els show high precisiou (Table
13), even with a small mrmber of sanples. This precision was even maintained durine slssions iq which
tags were harpoooed hto the crocodiles in ftood plain channels (Fig. 12).

2. Relating Spottight Coutrts to Absolute Nunber.s ln fidal Rivers and Flood Plain Channels

Bayliss et d. (1986) estimated tle total population of C. pomsus viLthi'. tbree sections of tle Adelaide
River using a m:fk-recaptue technique, and obtained a precise estinate of the total population size. They
then quantfied neaa sighting fractions seen in spotlight surveys in each of the tlree areas (Table 14).

More rcccntly, the same mark-recapture technique was used to estiEate the total population of C.
johnstoni and. C. porosus in two isolated sectioos of flood plain shamgl which were borJered by floating
mats of-vegetation; siChting fractions were derived ia the same way (Table 14). Additional conection
factors for C, johnstoni in isolated flood plain billabongs devoid of floating vegeiation were derived from
data in Webb et al. (1983b).

3. Relating Spotlight Counts to Helicopter Counts

Spotligbt surveys have otler major limitatiols besides inherent visibitity bias. They are time-
cousrlmin& exPelsive, often daagerouq and more ir:rpo(aatly, are restricted to habitats that are accessible
by boat. Therc are large areas of crocodile habitat in the Northern Territory that have not been surveyed
due to poor or impossible boat access. For C. poronrs, helicopter surveys:ue much cheaper ald less tine-
conslming tlan _boat surveys, yet they provide an index of density'that relates to'that obtained by
spotlighting @aliss et al. 1986). Helicopter counts arc similar to spotiight counts in tidal rivers witl large
exposed mud-banks, but in tidal sidecreek they are almost double that of spotlight counts, a11d hence
lequire a diff€rent calibration equation (Table 15). Thus, helicopter surveys can be used to derive different
calibration equations for spotlighl counts in different habitats. bor 

"--ple, 
spotlight couats in tidal side

creek record only a small proportion of rhe total population in such ae"t" 1niyrc" "t 
al. 19g6; 35%) due

to stream sinuosity @g. 13), aad these problems are largely overcome by aerial suwey.

- Helicopter survey techniques arc also being developed for c. iohnstoni, (which is more diffrcult to see
fron the air), and the results are also summarized il iable L5. The C johnstoni calibration equation is
preliminary and will be refined witl additional data from surveys in 19g6.

validity of the equations relating helicopter counts to spotl.ight counts derived in the Adelaid€
River were tested in a low density area in 1986. Sections of o" v"artn* River were surveyed by
helicopter in September during high and low balk exposure, aad the calibrated helicopter counts were
compared to spotlight counts in the sane area (Table 16). Even though the relative density was one-twelfth
that i! the Adelaidc River, tle calibration equations were applicable. subsequently, tLee major river
systems (remainder of the McArtlur, I ;mmen Bigh! Wearyaa-Foelesche) and ZS coastal creeks io tle
southern Gulf of Carpentaria were surveyed over a two day p";o4 ut half tie cost of spotlight surveys and
taking o-ne-sixth ths tims. (gungys in less remote areas can be surveyed at oo.-qu*t"r'th" Jost of spltlght
survevs.)
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Table []. The prccision of. Crocodyhts pororus ar.d C. johnstoni spotlight counts in different habitats.
Data are from: 1 = Messel et al. (1981);2 = Bayliss et al. (1986);3 = CCNT (unpubl.). ,*'indic_ates
precision measured oq sessions where tags were beiag harpooned into the crocodiles; DS =
downs&eam, US = upstream.

Area Habitat Meaq N Sessioos SE (a Vo)

Pl.,rl,1

Blyth' ^
Adelaidei
Adelaide'
Adelaid^e'
FlnnIss:
tslnnr(<-

tsuuuss-

Crocodylus porosus

Mainstream, tidal DS
Mainstrcan, tidat US
Mainstream, tidat DS
Mainstream, tidat US
Sidecreeks, tidat DS
Flood plain chamel No. 1
Flood plain chanael No. 2*

Crocodylus johnstoni

Flood plain channel No. 2.

55-66
3942

88

30
47
x

2.0-4.0
0.6
? 1

1.6
J . I

9.7

28-n
15
2
2
2
5
7

74 7.1

Table 14. The nean probability (p) of sighting cocodiles on spotlight surveys irr different habitats,
with the conection factors (CF) needed to adjust relative densities to absolute densities. Data are
from: 1 = Bayliss et al. (1986);2 = Webb et al. (1983b);3 = CCNT (unpubl. data).

River Habitat Year CF

Adelaide'
Adelaidel
Adelaide

lj"lddft
l.rnri!lc-

Irtrn$s-

Finniss

fuuuss-

Crocodylus porosus

Tidal; downstrean
Tidal; upstrcam
Mean mainstream
Tidal; side creek
Non-tidal; flood plain

cha.nnel No. 1
Non-tidal; flood plain

channel No. 2
Mean non-tidal; flood

plaia channel

Crocodylus jolnstoni

Non-tidal; flood plain
cha.u.nel No. 2

Non-tidal; billabongs;
no floating vegetation

1.51
7-69
1.60
2.86

1.56

0.66
0.59

0.35

r9u
L98l

0.64

1986 7.96

r. /o

0.44

0.66
McKiday'

r.986

1.51
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Figure 12. Numbers of crocodiles sigbted in rwo flood plain chamels in the Finniss River duriag a mark-
recapture experiment (see ten).

Figure 13. Schenatic representation of spotlighting in a mainstream tidal river Qeft) and a tidal side creek
(right). Crocodiles that are a considerable distance from tle boat can be counted as eyeshines if tley
submergc before they have been reached. tn side creek, crocodiles usually submerge close to the survey
boat before beine detected.
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Table 15'-. Sumrnary of equations used- to standar.li'" helicoptcr counts to spotlight counts. Data are
LlT-U-"-t_5--:l-t..!t_n,*) ":O 

unpublished survey results from rhe CCNT. Equations were derived byulear regressro'r a-oa.lysis; s = spotl.iglt courts, H = hericopter counts, Baaks = number of bankssuweyed by helicopter.

Habitat Ba-u-ks Tide Equation R2 Significance

Tidal mainstrean
Tidal mainstrearn
Tidal side creeks

Non-tidal

Crocodyhu porosus

Spri"g S = 2.02I
Neap S=3.18H
Neap S = 0.55H

Crocodyhts johnstoni

S=64.8+

7
8

0.98
0.%
0.99

I

I

2

p <0.001
p<0.001
p <0.@1

0.76 37 p < 0.001

Table 16' Comparison between helicopter cortnts converted. to spotlight counts and actual spotlightcovaas of.crccodylus porosus and. c, johnstoni ir a section of tne ruoafihur niver. equatioos'usea-to
convert the helicopter cou.nts to spottight corrnqfot Hgh GFiog) and low (neap) tia"-uJffi.*".
were derived in the Adelaide River (see Tabre 11. oata tirit to'noo-tru1c',ri"gs ouly.

Bal} Exposure Methods C. porosus C- johnstoni

Low
HiCh
Hish

Helicopter
Helicopter
Spodight

J

28
a
28
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HATCHLINGS MEDIUM LARGE

(2-6')  (6-10')

stzE cLAssEs

VERY EYESHINES
LARGE
(>10')

Frgure 14. Proportions of hatchlings, 24' , > 6' , ard eyeshines sighted h spotliglt and helicopter surveys in
thc McArtlur Rivcr, a low density area.
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The size classes of crocodiles seen itr helicopter surveys in the McArthu River suggest that the "eyes
onl/ fraction seen itr spotlight surveys ir this river should be apportioned to the greater than 6' category
(Fig. 14), which are presumably more wary of spotlights.

Although there ale advantages in spotlight surveys (e.g., a more accurate assessment of the age-size
structure of the population, and t-he proportion 6f qnirnal5 that are hatchlings) helicopter surveys are cost-
effective aad provide most of tle information necessary to determine relativ€ dktributioq and abundaace
patterns, and to assess long-term treods in the numbers of non-hatchlings. A further advartage is the
ability to improve the precision of a population index rapidly by replication at a reasonable cost.

Future reseatch will involve furtler refirrement of the helicopter census technique for botl C. porosus
and C. johnstoni, and on calibrating C. porosus nest counts by helicopter to estimates of absolute crocodile
numbers ia habitats that are impossible or difficult to survey by spotlight or helicopter (e.g. densely
vegetated freshwater swamps).

4. Relating Absolute Numbers In Flood Plain Channels and Tidat Rivers to Nest Numbers

During the 1982t85 and 1985-86 wet seasons, intensive surveys of C. porosls qests were carried out in
parts of tle Adelaide, Finniss ard Reynolds Rivers. These same areas were surveyed by spotlight h 1984,
1985 and 1986, and ia three areas tie total population of C. poronl.r was estimated using the corrections in
Table 14. Accordingly, a relationship was derived betweeu uumbers of qests alrd the tota.l population size
(Table 17).

The results indicate that tle nesting female portion of the population varies from 43Vo to 1i.9Vo ot
the total populatioo, with a nean valrrc of 5.7Vo (65Vo fot non- hat-hlings). This percentage in turn cal be
used to estinate the total population of C porosus h hssding areas where trests car be counted.
Population nonitoitng ofAlligator missrsslpplerulS ia Louisiana, where nesting females represent 57o of the
population, is based solely on corecting lest counts in this fashion (Joalen aad McNease 19g6).

Nest counts may also be a more accurate index of the adult crocodile population il areas where
females are wary or where they reside outside of the accessible mainstreams. For exaraple. Messel et al.
(1979b) counted 3 crocodiles geater than 7 in len$I in spotlight counts wirlin the Liverpool-Tomkiason
River system in 1976, yet tlere were 38 nests ia one season in the same area (Messel et al. 19g1). As
matulity is reached at 7-8' in females and >1f in maleg there were at least some 4{)-50 crocodiles >7 in
t.he system although only three were sighted (some were no doubt within the .eyes onl/ category).

5. Standardizing for Size ln Spotlight Couuts

Large C. porosus are more wary thal smaller ones (Webb and Messel 1979), ard have lower
probabilities of being sighted in spotlight surveys (Bayliss et al. 1986). This trend was as apparent 13 years
after protection (Bayliss et al. 1986), as it was 4 years after protection (webb ard Messel rszo;, aoa tlus it
does not appear to be totally explicable on the basi of learned behavior among the older crocodiles which
experienced hunting prior to protection (< 1971). Increased size appears to be inherently associated witb
iacreased wariness in C. porosus (Table 18).

Within recovering populations, where the mean size of individuals is increasing with time, size-
dependent wariness causes an increasingly pronounced negative bias in density iadices. For example, if 105
$ocodiles were sighted in a tidal river in 1975, and they were composed of 100 3-4 and 5 7-8, crocod.iles, it
would indicate a total population of 139 [Table 18; (100 x 1.30) + (5 x 1.71)]. If in 1984 the same number of
individuals (105) was sighted, it may superficial.ty appear that the rate of recovery had been zero. Even if



Table 17. The relationship between nunbcrs of Crocodylus porosus nests made during tle 1984-85 and
1985-86 nesting seasons and the total population in the same areas. T = total numbers of crocodiles;
NH = non-hatchlings; CF = correction factors for adjusting number of nests to population size.

CF CF
T NH Nests T NHYear HabitatRiver

Adelaide

Adelaide

Finniss

Fi-oniss

Mean

Mainstream
32.0-82.0 km

Mainstream
32.G82.0 km

Flood plain
chennel no. 1

Flood plain
channel no. 2

518 t7.9

21.9

1 )

t7.6

15.3

L6.2
1985

1985
10

372

70
1985

70 70

7.0

I),J

Table 18. The probability (p) of sighting Crocodylus porosus of differert sizes in spotlight counts, as
quantified il the Adelaide River in 1984, 13 years after protection (Bayliss et al. 1986). Sizes refer to
total length estimated in feet. The correction factors (CF) are the values needed to correct coutts of
different sized C. porosus to absolute numbers.

Size CFP

+5
5-6
G7
7-8
8-9
9-10
1 0 +

0.69
0.75
0.Tl
0.n
u - t 5

0.67
0.59
0.47
0.33
0.15

L.34
130
IJI

T.JO

t.49
t.7l
2.13
3.08
654
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the uumbers sighted were corrected with a single correction factor, tie rate of recovery would still appear
to be zero. However, if tle population structure was Dow composed of 40 2-3', n +5', m 6-7,10 8-9' ald 5
10'+ crocodiles, the real population would be 17 [(a0 x l3) + (30x 1.31) + (20x 1.49) + 10x2.13) + (5
x 6.54)], and there would be a positive rate of increase (+2.7Vo p.a.).

Because of the errors involved in estimating sizes (see above), our mean annual rates of population
increase (Table 6; +8.3Vo p.a. for all crocodiles ar.d +9.7Vo p.a. for non-hatchlings) do not accourt for the
cha.Dged size structure. Hence the real rates of increase are higher than those giveu on Table 6.

6. The Adelaide River - A Test Case

Although indices derived from spotlight counts can be used to monitor trends in numbers, they are
inherently inaccurate - not all crocodiles are counted. The uncouated population falls into two categories:
those within the area surveyed tlat were not sighted (see above), for whatever reason" aad those in areas
associated with the mainstreanr that were not surveyed"

In the Adelaide River system (Fig. lt, 50 km east of Darwin, C. porosus occupy a variety of tidal and
non-tidal habitats, some of which can be readily surveyed by spotlight a::d others which cannot. On Fig. 16,
the total popuiation size withia &e Adelaide River is estirnated in stages, ushg appropriate correction
factors for different habitats. The stages incorporated into this estimate are:

1. Spotlight counts in 1984 (CCNT, uapublished data) yielded 80 hatchlings ard 514 non-hatch.lir:gs in
the nainstrean and its major side creek; sinilar results were obtahed by Messel et al. (1986, 60
hatchlingF and 542 non-hatchlings; a-c on Fig. 16).

2 Usiag the general mainstream correction factof (1.60) between relative densities ald absolute
densities (Table 14), these sighted individuals give a total population estimate of 950 enirn3l5 (llf
hatchlings and 822 non-hatchlinp). Using correction factors in Messel et ai. (1981), similar
numbers (95 hatchlings aad 889 non-hatchlings; total = 984) are derived (d on Fig. 16).

3. However, separate correction factors are ueeded for upstre:rm, dowlstrea-m ard side creeks (Table
14), and when these are applied to the spotlight countE it indicates a population of 1133 individuals
(e on Fig. 16).

4. Completely exduded from this estimate is the population which exists year-rouad in Melacca
Swamp (Fig. l5), a heavily vegetated wetland which canaot be surveyed by spotlight. Using nest
counts (22 in each of 1984-85 and 1985-86) as the relative density index, and correcting them with
tie mean conection (17.6) derived h Table 17, an additional 387 animals are indicated; this
increases the total population estimate to 1520 (f on Fig. 16).

5. In addition to Melacca Swamp, the flood plains of the Adelaide River contaia some 150-200
permanent and semi-permanent billabongs and mioor swamps. Ia 1986, a sarnple of these was
surveyed by both helicopter (106) aad spotlight (20). When these indices were corrected to
absolute deusities, it yielded an additional 80 arinals, iacreasing the total population estimate to
1600 (g on Fig. 16).

6. In addition to these habitats, there are large numbers of smatl tertiary creeks which are
inaccessible to survey boats and which were not surveyed by helicopter, and additional upstreirlr
billabongs (that contain C. porosus and in at least one case nesting adults) which were not included
in our survey. Thus 1600 represents a conservative estimate of the total population of C. porosus
'within the Adelaide River svstem alone.



Figure 15. The Adelaide River system. Nunbers are river kilometers from the mouth.
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Figure 16. Nunber of Crocoalus porosw ln the Adelaide River system: 4 hatchlhgs sighted ia spotlight
surveys; b, non-hatchlings sighted in spotlight surveys; c, total number of c, porosus sighted ia spotlight
surveys; d population estimate using mainstream correction factors (see text); e, population estinate using
aPPropriate correction factors for upstream, downstream, and side creek habitats; f, population estimate
accounting for C. porosus in various billabo"gr outsidc of the mainstream; g total population estimate
including C. porosu.r in Melacra swanp. Shadcd bars iadicate survey data from Messel et al. (1986), ald
ushaded bars are survey data from the CCNI.



THE SIZE OF THE NORTHERN TERRITORY POPULATION OF C. PORO.,US

Webb et al. (1984) derived a conservative estimate of the Northern Territory C. porosus populatiou of
30,000 individuals, a:rd guessed that the real population was closer to 40,000 whin the fur exteut or
unsurveyed habitats was ta-ken into consideration. This estimate was considered a! overestimate by Messel
(1986) and Messel et al. (1986), yet we had consisteutly used conservative correctiou factors:

l. Coastline. Two estimates of the absolute detsity of C. porosus on tle coast were obtained; one
between Darwin alrd the Victoria River (0.09/km) and one around tle coast of Melville Island
(038/kn). Neit-her area includes ttre best breeding areas for c. porosus (Table 4), aad thus a
mean of the two estimates (0.2a) is probably more realistic than the lower value (0.09) used by
Webb et al. (1984).

Z Coastal Secondarv Creeks. Coastal secondary creeks bet'ween Darwin and the Victoria River were
surveyed by helicopter and the coutrts were corrected to absolute densities (25lkn). The 123g
kn of coastal sccondary creek in the Northern Teritory was composed of 638 separate creeks,
with a mean leugtl of 1.9 krn, which assumes a mean total population of about 5 crocod.iles per
creek.

3. M4iorjrcedjne Tidal Systqms. Mainstreams (15s7 k,o) ard sidecreeks (05 km; zo7 creek) were
lunped ia ow previous estirr''ate, and given the mean relative density of 3.16 crocodiles sighted per
km derived from surveys. ̂This was then multiplied by a conservative correction factor (1:3). The
mean mainstream correction factor is closer to 1.6 (Table 12).

4. SideseetCorrections to BrQedins Tidal S$stems. In reality, the probabiliry of sighting crocodiles
in tidal sidecreeks is lower than in wide maiastreams (Table 12), alrd witi;" thJ gde"laide niue,
corrections for this underestinating bias iacreased the population by lgVo. A similar conectron is
applicable to other major breeding systems, yet it was not used in our 19g4 estimate.

5. Minpr. Breedinq Tidal Svstems. Mainstreams (31s5 k'o) aad secondary creeks (11rro km; 717
creek) were lumped in or1 grwious estimate, a-nd given the mean ielative dlnsiry of 0.71
crocodiles sighted per kn derived from surveys. This was tien multiplied by a conservative

"9T":tio9 
factor (1.41). The.real correction factor is probably closer ro 1.6 G;ble 12), plus an

additioaal correction is needed for sidecrecks.

6. Flood Plain Creeks. In thc original estimate, 1291 km of flood plain channel was given a rclative
density dcrivcd from spotlight counts in 10J7o of the habitat surveyed (5.60 .o-dl". sighted per
kn). This was multiplied by a correction factor (156) based on results from a tidal sys[m. The
meaa correction factor rec€ntly derived is 1.26 (Table 12).

7. Escaroment Channels. Iu the original estimate, the 534 krn of flood plain channel were multiplied
by a relative density of 0.60 and a correction factor of 1.53; an absolute density of 0.92 per km.
Due to the physical characteristics of th65g channgls, the correction factors applicable are probably
between those of the upstream tidal areas (1.69) and those of side creeks (z.St).

8. Frg$wq-telswamlq. AJthough some areas of "swa.mpland' were recognised within the Northern
Territory, patches of freshwater swamp with high densities of C, poronr-s nests are more ,".t ict"d
(Magnusson et aL lng). No estimate for tlis population was made in our original estimate, but
given the numbers now estimated inttelacca Swamp arone (T7 c. porosus), th"e total popJation
within such habitats in tle Norttrern Territory must bt in tle 1@0,s.

9' Tertiarv creeks. The ga3 tertiary 
"'eek 

identified are an uaknown quantity with regard to c.
poroszs. Some of these creeks are completely dry at low tide and otheri receie to ooof,. wirt,t.,
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major breeding tidal rivers such creeks (1256 were recognised) have a high probabiliry of
containiag crocodiles, but along the coast and ia low density areas they do not. No estimate was
made for them.

10. The Caotive Pooulation. As of Jure 1986, there were 4232 C. porosus in captivity in Australia.

The above estimates do not account for the increase in tle wild population that has occurred over the
last two years, qor does it account for tle many bodies of water not included on 1:100,000 maps - 30,000 to
40,000 was a conservative estimate of the C, porostts population in 1984.
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