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Crocodi le nunbers and si tuat ion, pr ince Regent
River and i ts creeks ,  23-24 July 1978

Crocodi le s ize classes in St Georqe Basin
Creeks

Crocodile numbers and situation, Ord River
sys tem,  28-29 Ju ly  1978

PI,ATES

Glenelg River at  36 km.
fresh water inf luence

Bank vegetation shows

Page
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1 9

Banks of Glenelg River at  37 km, showing
extensive sward of  couch grass. Note presence
of feral donkeys

3. Barl-ee Impediment mangroves at high tide

4. Sale River showing steep banks with l imited
areas of mangroves and mudbanks

5. Tidal  creek, Ord River system at

6.  Tidal  creek, Ord River system at

hal f  t ide

l-ow tide
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I t  was decided to cont inue this work in 1978 and. accordinqlv
surveys were mad.e in:

1.  The Prince Regent River and St ceorge Basin,  which could
not be surveyed completely in 1977,

2. the Glenelg River system, and

3 . the Ord Ri-ver.

The Glenelg River system was chosen because we had been tol-d
that i t  once contained a large number of  crocodi les and a
recent v is i tor had al-so reported that the species appeared
more plentiful- there than elsewhere. The Ord River was
selected because:

I t  is phys iographical ly di f ferent f rom the r ivers surveyed.
so far in Western Austral- ia,  and

the tidal portion of the Ord River from Adol-phus IsLand
to Turkey Island comprj-ses a Nature Reserve (Reserve No.
31967 ,  of  23 945 ha, for the Conservat ion of  Flora and
Fauna, vested in the Western Austral ian Wi]dl i fe Author i ty) .
This reserve was created pr imari ly for the protect ion of
the habitat  of  the Salt-water Crocodi le and was declared
following a recommend.ation by Dr H.R. Bustard \rho reported
on  the  s ta tus  o f  t he  spec ies  i n  1970 .

The work reported. here was carried out from the University of
Sydney's 2lm research vessel  "The Harry MesseI".  Personnel
l re re :  H .  l 4esse l ,  A .G .  We l l s ,  W.J .  Green ,  K .  B rennan  (Depar tmen t
of Environmental  Physics,  the Universi ty of  Sydney),  A.A.
Burbidge, J.E. Kinnear and P.J.  f 'u l ler  (Western Austral ian
Wildl i fe Research Centre,  Department of  Fisher ies and Wild1i fe).
The vessel  was crewed by Corunanaler S.R. Schof ie l -d (R.A.N. net 'd.  )
(Cap ta in ) ,  I .  On ley  (Eng inee r )  and  w .  G i l l .  N .L .  McKenz ie  and

J.K. Rolfe (W.A. Wildl i fe Research Centre) were at tached to the
team but worked primarily on mangrove bats. Their work will be
reported elsewhere.

I I tvlETHODS

The methods used for surveying the populat ions of  Crocodglus
povosus in t idal  r iver systems were as descr ibed by Messel (1977)
a n d  l { e s s e l  e t  a L .  ( I 9 7 8 a ,  b )  .

During dayt ime surveys, refLect ive markers and tapes were placed
approximately every 5km along the banks of rivers and creeks
(corresponding to night-time surveying time intervals of 10
to 30 mi-nutes).  These markers minimize errors in niqht- t ime
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ilata cards have been prepared in advance, one can survey ar
speeds near 30km,/h -  but only i f  water depth assures safe
passage of the work boat.  The importance of precise naviqatron
during night t ime surveys cannot be overstresied.

The survey methods out l - ined yield a dj-str ibut ion of  numbers
and size classes for the t idal  system. The quest ion then is:
what relation do these numbers have to the actual number of
crocod. i les on the system? The Blyth River cal ibrat ion survey
study was inj- t iated in 1976 to gain some insight into this
di f f icul t  quest ion (Messel 197'7).  Since that date,  the
cal ibrat ion sect ion has been surveyed 204 t imes. The study
has not been completed, but prel i rn inary analysis indicates
that of  the factors monitored ( f  to 6 above) ,  the two most
important are exposed. bank ( there should be >60cm of exposed
bank) and season of the year.  On the basis of  a number of
assumptions, one obtains an est imate for the fract ion of  the
crocodi les sighted and hence an est imate of  the actual  number
present.  The assunpt i .on is then made that the resufts
determined for the Btyth River are, within small but unknown
error,  appl icable to other t idal-  r iver systems. A book is
in the course of preparat j -on on this study (Messel et  aL. in
prep. )  .  The best est imate to date is th^+ r l r rr i  nn +ho r ] f i r
!". ion (May to November) an experien""d ;;";;;" i i i i-rI l6ra
dur ing  one  su rvey  0 .62  i  0 .04  (SD)  o f  t he  c rocod i l es  p resen t
on the surveyed port ion of  the r iver system. This impl ies
that in 95 surveys out of  a hundred, the number of  crocodi les
seen f ies between 54 and 70?" of  the actual  number of  crocodifes
present.  Further,  in 99 surveys out of  a hundred, the number
seen l ies between 52 and '722 

of the actual_ number of  crocodi les

The ]ocat ion ( I  10Om) of each crocodi le spotted was record.ed-
Whenever possible,  the animal-  was approacled to within 6m and
its s ize est imated by an experienced observer,  who al_so noted
i ts s i tuat ion on the bank or in the water.

The crocodi les sighted were categorized by size classes, as
f o l l o w s :  h a t c h l i n g s ,  2  -  3 t  ( 6 0  -  9 0 c m ) ,  3  -  4 '  ( 9 0  -  1 2 0 c m ) ,
4  -  5 '  ( I . 2  -  1 . 5 m ) ,  5  -  6 '  ( 1 . 5  -  1 . 8 m ) ,  6  -  7 '  ( 1 . 8  -  2 . t m )
and  >7 r  (2 .1m) .  When  the  s i ze  o f  a  c rocod i l _e  cou ld  no t  be
est imated, i t  was grouped into the category "eyes only" (EO).

The densi ty of  crocodi les (omit t ing hatcht ings) was calculated
by div iding the number of  crocodi les seen by the surveyed.
length of  the r iver and creeks (km along a midstream point) .

I I I

A ,  D E S C R I P T I O N

The Glenelg River
m a i . r r  + r i h r l r -  . r i r  -

THE GLENELG RIVER SYSTEIVI

enters George
the Gairdner

Wate r  (F ig .  I )  and  has
- which enters i t  about l- 5km
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upstream from its mouth. From 3 to 13km the river is
boundeil by a narrow, rugged gorge where the tidal currents
are swifL and form numerous whir lpools- A creek enter ing
the r iver at  5kn cannot be navigated past a rock bar at
8km at less than hal f  t ide.

The ctenelg contains extensive sandbars around 22 to 23km,
where i t  widens out 'and numerous rock bars beyond 34kn.
At hal f  t ide or above, i t  is  possibLe to proceed with
care to 37km, where the water is qui te f resh. The Gairdner
also contains nrrmerous rock bars above 30km and we could
only survey to 33km. The dominant r iverside mangrove
communiLy is a mixed tow closed-forest of  Campostemon
schuL tz i i  and  Rh izophora  s t yLosa  w i th  an  unders to rey  o f
Aegiceras coz'niculalun. Upstream of 21km on the Glenelg
anh 25km on the Gair i lner Aoi 'cennia mayLna becomes dominant,
f o rm ing  an  assoc ia t i on  w i th  Camptos temon  schuL tz i i  and
Rh izophora  s t yLosa .  Th i cke ts  o f  Ce t ' i ops  tagaL  va r .
austrbTis and- occasional-  Ercoecazt 'La agalLocha and A. marina
form the landward extensions of the mangrove communities on
both rivers. There are approximately 26km2 of mangroves
al-ong the Glenelg and Gairdner Rivers.  From 35 to 37km
on the Glenelg Lhe r iverside vegetat ion ref lects the
presence of f resh water,  compris i-ng cadjeput t rees
(MeLa leuca  sp . )  and  EucaLyp tus  as  we l l  as  mangroves
with extensive swards of  couch gtass (Cgnodon sp.)
( P l a t e s  f  a n d  2 ) .

At Lhe northern end of George Water, at the Barlee Impedlment '
is  an extensive block of  mangroves (Plate 3) which can be
entered vj-a four main channels,  each of which breaks into
numerous smal ler arms. These channels are here termed
Creeks A,B,C and D. The dominant mangrove community is a
m ixed  l o r , r r  c fosed - fo resE  o f  Camptos temon  schuL tz i i '  Rh i zopho t ' a
s t yLosa  and  Au icenn ia  mar i ' na '  Groves  o f  Sonnera t i a  aLba '
o f l en  w i th  an  unders to rey  o f  Aeg ice ras  co rn i cuLa tum,  a te
found on accreting mudbanks around the mouths of the creeks '
There are about 23km2 of mangroves in the Barlee Impediment '

Gibson Creek, which enters the eastern side of  George Water '
contains numerous rock bars near its mouth and is not
surveyable before hal f  t ide, at  which t ime the exposed
bank is inadequate for ef fect ive crocodi le count ing. The
Sale River en€ers the north-eastern corner of  Doubtful  Bay'
I ts lower reaches run through a steep gorge (Plate 4) but
contain a number of mudlbanks and some areas of mangroves,
total l ing about 3km2, the i lominant community being a mixed
1ow c l -osed - fo res t  o f  C ,  schuL tz i i  and  R .  s t yLosa  \ " j - t h  some
S.  aLba  a t  t he  mou th .

The banks of  George water are most ly rocky and contain^few
stands of mangroves. One stand of approximately 1.5km"
dominated by C. schuLtzi i ,  occurs at  the north-western
margin of  the is land which forms the eastern boundary of
Success  S t ra i t .

1 0
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36
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Figure 3. High tide

sale River .

I
I
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TE/V \PERATURE oC
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-WATER

1200
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Fi-gure 4.  Temperature,  c lenelg River  at  l .5km, 18 . Iu Iy  1978.
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Two o f  t he  c rocod i l es ,  one  o f  5  to  7  fee t  (1 .8  to  2 .1m)
and one greater than 7 feet,  were located on the banks
of George Water,  an area which was only part ia l ly
exami-ned, anal the remainder were in the rivers or
the Barl-ee Impediment mangrove blocks. A sl ide of
a  c rocod i l -e  es t ima ted  to  be  9  to  10  fee t  (2 .7  to  3 .0m)
long was seen at 23.8km in the Gairdner Rj-ver.  Thj-s
crocodile \,7as not seen during the night survey.

Seventy-three hatchl ings vtere seen, 71 of  which were in
the 25 to 37kn sect ion of  the Glenelg,  indicat ing at
least two, and probably more, successful  nests dur ing
the 1977-78 wet season. The upstream port ion of  the
clenelg runs through grassy plains which provide sui table
b reed ing  hab i ta t  (Webb  e f  aL .  1977) .  The  Ga i rdne r '
however,  y ielded no hatchl ings and only one 2 to 3 feet
(60 to 90cm) crocodi le and apparent ly does not provide
good breeding habitat .

The number of  crocodi les in each size class indicates
that the clenelg contains a popufat ion which is recrui t ing
success fu l l y .

The 25 to 37km port ion of  the Glenelg not only contains
a1most al1 the hatchl ings but also the major i ty of  the
non-hatchl ings. of  the 135 non-hatchl ings observed'  80
were l -ocated on this l2km stretch of  r iver,  const i tut ing
one of the highest densi t ies of  non-hatchl ing Salt-water
Crocod i l es  i n  Aus t ra l i a  (Messe l  e t  aL .  1978b) .

The mangrove block at  the Barlee Tmpediment y ielded 15
crocodi les,  one of which was a hatcht ing. These crocodi les'
undoubtedly came from the Glenelg and provide further
evidence for the movement of  C. poxosLt s over substant ial
distances and from one habitat type to another (webb and
M e s s e l  1 9 7 8 ) .

Only three crocoi l i les were sighteal  in the Sale River.
These were al- I  medium sj-zed animal-s indicat ing that th is
r iver does not provide good breeding habitat .

The Glenelg River system on the whole contains a Salt-
water Crocodi le populat ion which appears to be recruj- t ing
successful ly and, in the absence of poaching, may be on
the r^ray to recovery.  The upper sect ion of  the Glenelg
River (25 to 37km Fig.  1) is of  considerable j -mportance

to the system as a who]e since i t  provides the only
breeding habitat .  I t .  is  v i ta l  that th is area not be
disturbei l .
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'P late 3.  Bar lee Impediment mangroves at high t ide.

Plate 4.  SaIe River showing steep banks with l in i ted
areas of manqroves and mudbanks.
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IV THE PRINCE REGENT RIVER SYSTEM

A ,  D E S C R I P T I O N

A descr ipt ion of  the Pr ince Regent River and St George
Bas in  was  g i ven  by  Messe l  e t  a l  .  ( 1977)  and  a  desc r ip t i on
of the Prince Regent River Nature Reserve can be found in
M i l -es  and  Burb idge  (1975) .

Addj- t ional  t ime in 1978 al lowed us to proceed above the
rock bar at  73km as far as 76km (Fig.  7) and to survey
completely the two mangrove blocks in St George Basin.
Spring t ides provided di f  f  icul- t  survey condit ions.

Fig.  8 shows that a considerable amount of  f resh water
was enter ing the r iver.  From 72km to the l imit  of  our
survey at  76km, trees along the shore are mainly the
mangroves Camptosl temon schuLtzi i , ,  Auicennia mav, ina and
XyLoca?pus graniatum but have an understorey of  taLl
sedges and grasses, which becomes more extensive upstream.

rABLE 2.  CROCODILE NUI1BERS AND SITUATToN
S T  G E O R G E  B A S I N ,  2 1 - 2 3  J U L Y  1 9 ? 8

I
I

S]ZE IN FEET
(metres )

N o .  o f
cRocs.

SITUATION FEED]NG

IV IVIW OM IM SWOE MS

HATCHLING

( 0 . 6 - o . e )

3 - 4
( 0 . 9 - 1 . 2 )

4-5
( 1 . 2 - 1 . 5  )

5 - 6
( r . 5 - r . 8 )

6-7
( r . 8 - 2 . 1 )

> 7
( >  2 . 1 )

EO< 6
( < 1 . 8 )

Eo>6
( >  r . 8 )

EO

2 5

3

I

I 3

I 2

1 4

2 5

2

2

L 2

1 1

1

2 5

2

I

1 3

L 2

q

2 0

I

I

2

3

TOTAL 9 7 3 3 I 8 4

Abbreviations as in Table 1.

2 0
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of smal ler crocodi les last  year.  However,  even i f  th is
i s , i gno red ,  t he re  j - s  a  l oss  o f  f 8?  (74  Eo  61 )  i n  one  yea r
and an examinat ion of  the size structure indicates thi t
t h i s  l oss  i s  g rea tes t  i n  t he  3  to  6  fee t  (0 .9  to  l . 8m)
size classes. As stated when discussing the St George
Basin data i t  is  not known what proport ion of  th is loss
is due to mortal i ty as opposed to emigrat ion.

The Prince Regent River and St George Basin,  as a who1e,
yielded 189 crocodi les,  133 of which were non-hatchl inqs.
The combinat ion of  a r iver which provides nest ing habit .at
upstream and large mangrove blocks at  i ts mouth is unique,
and further study of the system may lead to a better
understanding of movement patterns in the Salt-water
Crocod i l e .

I t  is undoubtedly the existence of these arms which leads
to  the  unusua l l y  h igh  p ropo r t i on  o f  l a rge  (>6  foo t  o r  1 .8m) .
compared  to  sma1 l  (2  to  6  fee t ,  0 .6  to  1 .8m)  c rocod i l es  i n
the Pr ince Regent River system. The rat io is 54/78,
equivalent Lo 69s4, whereas the mean rat io for al t  r j_vers
coun ted  j -n  Aus t ra l i a  i s  274  (Messe l  e t  aL ,  I 9?8b) .  I t
is possible that in other r iver systems where simi lar
mangrove blocks do not exist  the larger crocod. i les move
out to sea and a proport ion per ish.

The system has potent ial  for recovery,  containing at  l -east
54  c rocod i l es  ove r  5  fee t  (1 .8m)  16119 ,  wh ich  a re  a t ,  o r
approaching, breeding age. However,  the amount of  nest ing
habitat  appears to be extremely srnal l  and i t  seems 1ike1y
that recovery wi l l  be very slow. A return to numbers
approaching those present before hide hunt ing took place
may take several decades. Any poaching woul-d. extend this
t ime or even prevent the recovery ever taking p1ace.

THE ORD RIVER SYSTEM

A ,  D E S C R I P T I O N

The Ord River (Fig.  12) enters Cambridge Gulf  which in
turn empties into ,Joseph Bonaparte Gulf .  The lower,  t . idal
reaches of the Ord from Adolphus Is land upstream to about
57km (Fig 12) are a Nature Reserve, the area being set
aside pr imari ly for the protect ion of  habi tat  of  Ct,ocodgLus
porosus  ( see  In t roduc t i on ) .

The geomorphology and vegetation of the tidal portion of
the  Ord  have  been  desc r ibed  by  Thom e t  aL .  ( f 975 ) .  The  a rea
we worked. in can be div ided roughly into three port ions:
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In the main r iver channef 125 crocodi les were sighted, of
which onl-y I were hatchlings. This comparatively low number
is possibly due to the sudden release of water f rom Lake
Kununurra through the Ord River Diversion Dam in February
1978 causing many hatchlings to be washed do\4mstream. The
sudden rel-ease of water from the Ord River Dams should, if
possible,  be avoided. I f  necessary i t  should be restr icted to
late in the dry season or ear ly in the wet season when i t
shoul-d have less ef fect  on nests and hatchl inqs.

The Ord River crocodile population is, except for hatchling
numbers, surprisingly similar in numbers anal structure to
that of the Glenelg River whj.ch has a non-hatchling crocodil-e
densi ty of  L.75/km for the 77.3km surveyed..  The Ord densi ty
i s  1 . 6 8  ( 9 8 . 4 k m  s u r v e y e i l ) .

The Ord River appears to have extensive nesting habitat upstream
of 40km and must be considered one of the better Kimberlev
Crocody  Lus  po rosus  r i ve rs .

Bustard (1970) made a br ief  examinat ion of  part  of  the Ord
River and "Second" Creek but sighted onJ-y 11 crocodil-es.
However,  his survey techniques were, of  necessi ty,  much
less thorough than ours and we cannot draw any conclusions
from a comparj-son of the two surveys.

The Ord River Nature Reserve harbours a small Salt-water
Crocodile population which appears to have recruited
successfull-y in the recent past. Whether the population
is on the road to recoverv is not known - further counts
wi l l  be necessarv to docuinent t rends.

VI DISCUSSION

We have now systematicalJ-y counted Salt-water Crocodiles
in the major i ty of  the large Kimberley t idal  r iver systems.
The only significant areas not surveyed are the Walcott
Inl-et - Secure Bay area and the west Arm of cambridge Gulf
and their  associ-ated r ivers,  al though several  smal l -
populat ions no doubt occur,  e.g.  at  the mouth of  the
Drysdale River.

Our resul ts conf i rm that the Western Austral ian CTocodyLtt .s
porosus populat ion, al though given total  protect ion over
eight years ago has recovered I i t t le,  i f  at  al l  ,  and remains
ser iously endangered. The overal l  resul ts are as fol lows
(data from Messel et  aL. 1977 and this study) :
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We befi-eve that we have now examined more than half of the
better Sal t-$/ater Crocodi le habi tat  in the Kimberley.  I f  th is
is the case, and the crocodi le densi ty is in the same order
as in those r iver systems already examined, then the tota]-
number of  hatchl ing crocodi les in Western Austral ia is,  at
t he  mos t ,  abou t  2  000"

Consider ing the vast area inhabited by C, porosus in
western Austral ia this is a very low f igure. As discussed
in  th i s  and  the  p rev ious  repo r t  (Messe l  e t  aL .  1977)  good
nest ing habitat  appears scarce in the r ivers examined and
the potent ial  for recovery is low. We cannot say that the
populations in any of the rivers we have examined are
recovering -  indeed one must ser iously quest ion whether
there are viable populat ions in the Kimberley'  especial ly
in r ivers l ike the Lawley and Mitchel l .  I f  the populat ions
do recover then i t  wj- l l  not be in any short  term per iod -
the recovery wi l l  be measured in decades and may, perhaps,
requ i re  a r t i f i c i a l  he lp ,  such  as  res tock ing ,  i n  some r i ve rs .

In the meant ime a careful  watch must be kept on the Western
Austral ian Salt-water Crocodi le populat ion to ensure that i t
is  not decl in ing and to provide data for the proper management
of the populat ion in the future. we bel ieve that a year ly
smal l  scale monitor ing progranme should be j -nst i tuted where
one or two r iver systems are monitored annual ly and other
systems at intervals of  around f ive years,

One interest ing di f ference betr , teen some Kimberley r iver systems
and those in Arnhem Land has emerged from our studies. Some
Kimberley r ivers have extensive areas of  mangrove- l ined t idal
creeks near the mouth of  the main "breeding" r iver.  This is
especial ly evident in the Pr ince Regent River '  and to a somewhat
lesser extent,  in the Glenelg River '  but they also occur in the
Ord, Roe and Lawley River systems. Except in the case of the
Lawley these mangrove blocks have numbers of  larger crocodi les
l iv ing in them which have moved from the main r iver where
they hatched. Further study of  the relat ionships between these
"holding areas" and their  breeding r ivers may give clues to the
movement patterns of  C. pot 'oszrs,  s ince in most Arnhem Land
rivers there are no such "holding areas" and many crocodi les
moving downstream apparent ly leave the r iver system ent i rely.

As  s ta ted  by  Messe l  e t  aL .  L977  i t  i s  c lea r  t ha t  t he re  a re
too few Salt-water Crocodi les in the Kimberley to al- Iow
cul l ing for the skin t rade. Furthermore we bel ieve that
there are st i l l  too few animals to al low the taking of
siqni f icant numbers of  crocodi les for farminq.
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