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ESTUARINE CROCODILE (Crocodylus
porosus)NESTING AND SURVEY DATA.
ORD RIVER AND NORTH KIMBERLEY REGIONS
FROM JANUARY 1989 -
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R.Gueho: Saltwater Crocodile (Crocodylus porosus) nesting on the Ord River - East
Kimberley, 1993 CALM internal Report

R.Gueho: Estuarine Crocodile (Crocodyius porosus) nesting on the Ord River - east ;
Kimberley 1994, :

GJW Webb, SC Manolis, KE Dempsey, PJ Whitehead: Crocodilian Eggs: A
Functional Overview Chapter 43, Wildlife Management Crocodiles and Alligators.
Surrey Beatty and Sons ISBN-}949 324 094. 1987

Messel H, Burbidge AA, Vorlicek GC, Wells AG, Green WJ, Onley IC and Fuller
PJ: 1987 Surveys of Tidal Waterways in Kimberley Region, WA and their Crocodile

populations. Monograph 20, Tidal waterways of the Kimberley surveyed during 1977,
1978 and 1986. Pergamon Press: Sydney.
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K MCNAMARA
DIRECTOR
NATURE CONSERVATION DIVISION

ESTUARINE CROCODILE (Crocodylus porosus) NESTING ON THE ORD
RIVER -
- EAST KIMBERLEY, 1994

INTRODUCTION

In 1989, helicopter and boat surveys undertaken by Brett Ottley (G. Webb Pty
Ltd) and M.Osborn (ex CALM) confirmed the presence of C. porosus nesting
on the Ord River. A total of 6 nests were located during this survey.

Follow up surveys have been undertaken on a yearly Basis.

n

No significant nesting has been recorded since the 1989 results.

The survey area is recognised as providing conditions suitable for C. porosus
nesting and indeed this " wet " season for all intents and purposes has
appeared to be suitable for C. porosus nesting to occur.

Typical " wet " season thunderstorm activity occurred as early as November
1993 and has affected the areas where most nesting has occurred in the
past. January 1994 had below average rainfall followed with an above
average February rainfall which may have resulted in flooding of any late
nests.

ITINERARY

1
A helicopter survey of the Ord River was undertake’r ~on 24/02/19%94. The
survey incorporated areas surveyed in previcus years (1989 - 1993) and
extended the downstream area by approximately 10 kilometres (both banks)
to include areas of reserve 31967.

METHOD

The same spotter (R. Gueho) used for the previous two years undertook this
survey to ensure consistency.

The 1994 survey used a Robinson R22 helicopter flown at approximately 50°
above ground level at a speed between 30 - 40 knots.

Where stands of Acacia (A.farnesiana?) and Sesbania were encountered, the
area was first overflown looking directly through the canopy and then
observations were made whilst flying below canopy height and looking
obliquely under the canopy. L



Map references refer to the 1:100000 topographic series and cover
Kununurra Sheet 4666, Erskine 4566 and Wyndham 4567

The two fetters DH refer to the 100000 metre square identification and the
following six numbers refer to the vertical (e.g 652) and horizontal (e.g 793)
references.

AREAS SURVEYED

The survey commenced from a local feature on the Ord River known as
Tarrara Bar DH652793 and proceeded downstream to Spit Point DH 229036
on the west bank of the Ord River. The survey proceeded to the eastern bank
at DH 259030 then upstream including Collins Creek and part of Reedy
Creek eventually to the start point at Tarrara Bar.

RESULTS AND DISCUSSION

One active C.porosus nest was located on the Ord River at 15 32' 18"
latitude, 128 22' 35" longitude (from GPS unit)

{approx. DH349829). o

This nest was inspected and found to be constructed 3f soil, sticks and some
grasses (Sorghum sp). It was located very close to the waters edge under a
Sesbania tree (S.formosa) and appeared in danger of inundation as the river
was rising due to recent heavy rain.

The nest was opened to determine its age and 33 eggs recorded. One
hatchling had emerged and died - possibly due to compaction of the nest
owing to the materials it was constructed from.

As the eggs were returned to the nest they commenced hatching. This nest
was located approximately 500 metres upstream of Goose Hill Creek (the
boundary of Reserve 31978).

The survey continued downstream and 3 hatchlings were observed in the
water at DH315868 immediately adjacent to a large C.porosus of
approximately 15' - 16’ in length.

No other active or old nests were located during the survey.

Several slides and wallows were investigated on the eastern bank in the
vicinity of Turkey Island, DH 331831, however no nests or nesting activity
was observed.

As for 1993, several areas were inundated, particularly between Green Island
DH 265881 and Spit Point DH 229036 where large volumes of fresh water
runoff was observed.

The presence of cattle was again evident and approximately 20 animals were
seen in Reserve 31976 on the eastern bank. Reference has been made on
many occasions to the effects on C.porosus nesting that is attributable to
cattle.



[

The Region has been active in negotiations with the owners of Carlton Hill
station in relation to the presence of these cattle on the Nature Reserve and
these discussions are continuing with a view to removing the animals from
the Reserve.

The nest mentioned above was aged at approximately 3 months and it is
possible that other nesting occurred prior to the river level rising and these
are now inundated and unobservable.

Of note is the presence of large stands of a tall broad leafed grass
(Phragmites karka) replacing areas of Narrowleaf Cumbungi (Typha
domingensis) which were flooded in 1993.

P.karka is used extensively by crocodiles as nesting material on the Roe and
Prince Regent River systems in the north west Kimberley and in past years
these areas have had good nesting results.(Final Report. Saltwater Crocodile
(Crocodylus porosus) Nesting in the North - East Kimberley Region of
Western Australia (1988/89 Season) (22nd May 1989) G. Webb Pty Limited).
(Results of a Helicopter Survey - Roe River 3/4/1990. R.Gueho CALM
Report.)

In previous years the nesting survey has been carried out following historical
activity from the Northern Territory. Generally, nesting is believed to occur
later in the Kimberley as the monsoon forms over Northern Australia.

it would be pertinent to hold another survey in December 1994 (depending
upon thunderstorm and rainfall activity) to observe any early nesting prior to
the monsoon breaking.

Attached for your information are maps identifying the survey areas.

For your information

R.GUEHO

DISTRICT WILDLIFE OFFICER
EAST KIMBERLEY

01/03/1994
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SURVEY REPORT £lﬂ' “ 4@

Saltwater Crocodile (Crocodylus porosus) nesting on the
Ord River - East Kimberley, 1993.

Introduction

Prior to the 1988/89 wet season, information on the
nesting of C.porosus along the Ord River was anecdotal
{pers., comm M.Osborn, M.Douglas).

Hatchlings were sighted and nesting habitat descriptions
were recorded during population surveys (Burbidge &
Messel 1979; Messel et al 1987) (Pers. comms M.Osborn).
Helicopter and boat surveys of the area were undertaken
by Brett Ottley in January 1989 at which time 6 nests
were located.

Follow up surveys have been undertaken on a yearly basis
since this initial survey, however no significant nesting
nas been recorded. (Done 1991; Gueho 1992).

Background Information

The manner in which C.porosus construct their nest mounds
and the type and guantity of eggs laid has been discussed
at length in reports and literature generally available
and therefore it 1s not necessary to repeat this
description.

The one common denominator in successful nesting appears
o be the necessity for access to some permanent fresh
water. This can be obtained by rain filling the wallow
adjacent to the nest or natural availability through
normal river flow.

Obviously the species needs an aquatic habitat in which
it can hunt & live throughout the year.

Itinerary

Two helicopter surveys were undertaken over the Ord River
on the 2/4/93 (1.2 hrs) and 7/4/93 (1.8 hrs). The survey
incorporated areas surveyed in previous years and
extended the downstream area by some 6 km (both banks).

Method

‘Jarious spotters have been used since 1989 and the survey
procedures have varied slightly, however this survey and
the 1992 survey were undertaken by the same spotter
‘R.Gueho) and it is envisaged that this spotter will be
ised in the future for consistency.

in previous years a Bell 47 Helicopter has been used to
incorporate a navigator into the exercise. The 1993
survey used a Robinson R22 helicopter as it was not
considered a necessary requirement for a navigator to be
in attendance in this survey area.




Map references refer to the 1:100 000 series (e.g. Ref.
4566-DH458758) where the first four numbers denote the
map sheet reference, the two letters (e.g. DH) refer to
the 100 000 metre square identification and the following
six numbers refer to the wvertical (e.g. 458) and
horizontal (e.g. 758) references.

Areas surveyed

On the 2/4/93, a helicopter survey was conducted over the
Ord River taking in the areas from grid reference 4566 DH
290 840 - 4567 DH 253 891 on the southern bank and grid
reference 4566 DH 300 876 to 4567 DH 274 890 on the
northern bank.

On 7/4/93 a follow up survey took place commencing on the
north bank at House Roof Crossing 4566 DH 458 758
downstream to 4567 DH 300 876 incorporating Collins Creek
and part of Reedy Creek. The survey continued on the
northern bank from grid reference 4567 DH 274 890 to 4567
DH 260 939.

The survey proceeded to the southern bank and commenced
upstream from grid reference 4567 DH 242 930 to 4567 DH
253 891, The survey was recommenced at 4566 DH 290 840
and proceeded upstream taking in Goose Hill Creek to
<ilometre 5. The survey returned to the Goose Hill Creek

Ord River Jjunction and continued upstream to grid
reference 4566 DH 385 794.

‘‘he purpose of this relatively late survey was to locate
any late nests and to determine to what extent nesting
nad occurred.

Results and Discussion

No active or old saltwater crocodile nests were located
tn the area of the Ord River surveyed. An attempt was
made to locate the nest sites identified by grid
veference in Webbs report of 22 May 1989.

This was unsuccessful for two main reasons.

several of the areas were inundated, and cattle numbers
in the survey area were substantial. Numerous cattle
vads have been developed through the preferred nesting
vegetation and the concentration of these animals has no
doubt contributed to the lack of nesting observed.

In previous years, all nests located have been found in
neds of an introduced Dburr (Xanthium occidentale,
Noogoora Burr). This use has been identified as a
possible reaction to the continual degradation of
indigenous vegetation which has been predominantly used
Zor nesting.

Apart from the obvious problems associated with cattle
‘reported previously) the (in my view) atypical wet
season experienced in the east Kimberley in 1992/93 which
~esulted in extensive flooding along most parts of the
Jrd River no doubt either destroyed any early nests, or
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more likely, simply made it too difficult for the
crocodiles to successfully nest.

The Ord River is still flowing at about 1 metre above its
"normal" level and this combined with spring tides
increases the areas prone to flooding.

Discussion 1in Webbs report and previous CALM advice
refers to the lack of suitable nesting habitat where the
average annual rainfall does not exceed 1200 mm 1in
Northern Australia.

The Kimberley Region 1is one of these areas and it is
probably a fact of life that nesting will always be
minimal.

Conversation with Brett Ottley of Webb & Co. P/L has
revealed a belief that nesting activity levels appear to
be cyclical and given the fact that nesting has been down
throughout the NT it is possible the atypical nature of
the season has also affected at least the East Kimberley.

It is not known to what extent harvesting of mature and
sometimes gravid female C.porosus (under license) from
the area upstream of Goose Hill Creek may have affected
the nesting effort, however, it is probably appropriate
that in the future - harvesting should not occur between
ilovember and March of any season.

‘The last paragraph in the general discussion section of
Webbs May 1989 Nesting report 1s still considered
pertinent and it should be read in conjunction with this
report. (Attached) Also attached are copies of 1991 &
1992 survey reports by CALM staff and maps identifying
the survey area.

{f the Ord 1is spotlight surveyed this year the location
of any hatchlings should be recorded for follow up when
nest surveys are conducted in the 93/94 season.

~J
R.Gueho
District Wildlife Officer
sast Kimberley
T/4/1993

References:

Messel H, Burbidge AA, Vorlicek G C, Wells A G, Green W
J, Onley I C and Fuller P J 1987 Surveys of Tidal
Waterways 1in Kimberley Region, WA and their crocodile
populations. Monograph No 20, Tidal Waterways of the
Kimberley surveyed during 1977, 1978 and 1986.

Pergamon Press: Sydney

¥inal Report: Saltwater Crocodile (Crocodylus porosus)
Nesting in the  North East Kimberley Region of Western
Australia (1988/89 Season) (22 May 1989) G.Webb Pty Ltd.
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y ay simply offer no deep water refuge at low tide, such that

P/ oid the -

y mbridge Gulf and {he Prince Regent River, the most suitable and

. . : :
¥ esting nabitat was found in the Roe and Prince Regent Rivers.

e ) )
P e majority of Kimberiey rivers, these have well»developed grassy
’Composed of thick stands of tall broad—leaﬁed grasses (eg. Pras mites

’ gorghud SP- Cenchrus glymoidga).

were found in areas where large numbers of hatchlings or small
codiles (2-41) were sighted during spotlight SUrveys (Messe! et al:

1987): Although small numbers of hatchlings were sighted 10 1he Hunter.

pawliey and Mitchell Rivers. no significant nesting nabitat was recorded

there. It appears that som€ nests are indeed made in such areas, put in
small numbers, possibly in atypical habitats. Nesting in such areas may also
e strongly dependent 00 season, as peavy rains during the laté dry season
may be needed 10 stimulaté sufficient vegetation growth, for nesting later

in the season.

ove 10 contain suitable

Other areas west of the prince Regent River may Pl
numbers of

nesting habital. Afthough not surveyed in {his study. large
natchlings were recorded during spotﬂght counts in the Glenelg River

of nests occur {here, such that it is
King Rivers where €885 could be available for commercial parvesting.

To identily further nesting areas in Cambridge Gulf, it would seem
neneficial 10 conduct spotlight surveys during the early dry season,
as many hatchling creches as possible. [Hatchling creches tend to re main
qear nests for @ few months (Webb et al 1977

to locate

Because nesting effort varies annually, the extent of pesting in the North-
East Kimberley in the 198871989 season needs 10 be interpreted cautiously.
1n the Northern Territory nest numbers fluctuale greatly from year 1O year:
for example in 198771988 {2 nests Were jocated in Melacca Swamp.
whereas in 198871989 27 nests Were found in the same area. in both the
Northern Tecritory and Queensland Lhis season (1988/1989) was
considered "good”, with above average qumberts of nests, and the game may
pe true of the gimberley. 1o contrast, if cainfall in the Kimberley was
restricted {his year. a8 some claim, nesting may well have been constrained. 1
|

coevemesn i
|
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Estuarine Croccdile Nesting - Ord River

A helicopter survey of the Ord River was carried out on
the 30th January 1992 to assess the nesting activity of
Crocodylus porosus.

The Survey commenced at House Roof Crossing (Map Ref.
4566 DH4S8 757) and proceeded downstream following the
east bank to a reference point known as Green Island
(Ref. 4567 DH265 885) then returned to House Roof
Crossing following the west bank.

One active nest was located, approximately 1.3
kilometres downstream from Goose Hill Creek. (Map Ref
4566 DH323 B24).

A thorough scanning of the area which bhas contained
nests in the past failed to show any nesting activity
at all.

One likely '"wallow" was located adjacent to the
southern end of Mattress Island (Ref 4566 DH394 794).
An animal was seen in this "wallow" however no nest was
sighted.

This "wallow" was under a thick stand of Mimosa trees
and a nest would have been extremely difficult to see
in any event.

Discussion

The survey was carried out on behalf of the Wyndham
Crocodile Farm and utilised a Bell 47 Helicopter.
Nigel Palmer was observer and I was Navigator/Observer.
Helicopter hours utilised were 1.5.

A number of C.porosus (8) were sighted during the
survey, however no active slides which would indicate
possible nest sites were located.

One dead C.porosus (approx 3 metres in length) was
located at Echo Rocks (Ref 4567 DH290 873). This
animal had had its head removed and I suspect it had
been shot and the head souvenired.

Information from Graeme Webb indicates that the nesting
activity in the NT has been very good this season (i.e.
approx 100 % better than last season). He 1is
anticipating collecting in the vicinity of 10,000 eggs.

¢ S o o, RS A AT AR S5 aia R
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A number of factors may contribute to the low nesting
effort on the Ord River.

High ambient temperatures probably contribute to high
nest temperatures resulting in a higher percentage of
male crocodiles being hatched and most likely result in
poor survival of eggs.

Lack of consistent rains result in less vegetation
growth - consequently poor incubation materials such as
sticks, mud and stones may be used which are quickly
eroded when rain dcoes come.

High stocking rates of cattle contribute to incidents
of nest trampling and reductions in suitable nesting
vegetation and conditions.

To date only 3 nests have been located on the King
River - these nests were constructed of Sticks, mud and
stones and had high internal temperatures.

Recommendations
1. Wyndham Crocodile Farm be advised that no further
egg collection is to take place on the King River.

2. A follow up survey takes place downstream from
Echo Rocks to at least Panton Island (Ref 4567
DJ183 133) sometime within the next 4-6 weeks.
This area has been poorly surveyed in the past and
it would be of value to determine if nesting
is/has occurred in this area. Funding for this
survey would need to be supplied ex Region.

3. Future surveys should be carried out prior to
allowing egg collection from the King River by
W.C.F.

4,

R.GUEHO
DWO - East Kimberley

31 January, 1992
RG/df




To:

Your Ref:
Qur Rel:
Enquiries:

Phone:

Subject:

DEPARTMENT OF CONSERVATION AND LAND MANAGEMENT

MANAGER a
WILDLIFE BRANCH - COMO ﬂﬁy
ATTN: K.McNAMARA

156.6A

C.DONE

091 680 200

Estuarine Crocodile Nesting - Ord River

A survey was carried out on 11/3/91 to assess the nesting
effort of Crocodylus porosus in "usual' nesting areas on the
Ord River. A thorough (5 passes) scanning of the area
failed to show up any nests at all.

Whilst it is not possible to be certain that there are no
nests in the area it is fairly certain that there are less
than the "normal" (of the previous two years) 4 -~ 6 nests.

I saw only only one likely "wallow" but no associated nests
and this was about 1 km further north than nests have
previously been noted.

Discussion

The survey was done on behalf of Wyndham Crocodile Farm and
utilized a helicopter provided by them. I was observer and
navigator was CALM Officer David Grosse. Time taken
(helicopter hours) was 1.4. Cost was $392.00.

The particular nesting area has a fairly denkse tree cover
interspersed by more open grasslands. Nests usually tend to
be under or adjacent to the trees and the thick canopy make
observation difficult.

However, in previous years it has been possible to readily
recognise nests there by looking obliguely under the canopy.

In addition I saw no active slides which would indicate
possible nest sites, nor were there any crocodiles observed
in that section of the river.

Information from Charlie Manolis (Webb & Co - Darwin)
indicates that the nesting effort in the N.T. has been low
this year (i.e. about 40% lower than last years' figure).
There aré many possible reasons for this but the very long,
late dry season, (i.e. prior to January 1991 there was only
sporadic rain) coupled with a very active previous nesting
effort (1990) may be significant. It is possible that the
season is delayed some 4 - 6 weeks (as appears to be the
case in the N.T.) but we may not be able to check this
through lack of funds.

Fom CLM 808
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Inplications

(i)

(ii)

(iii)

-

C.DONE

Wyndham Crocodile Farm will be advised to collect
no further eggs from the King River,

A follow up survey in approximately 1 months time
may be of value as would surveys of the Roe,
Prince Regent & Clenelg River. Funding for this
work would need to be arranged.

Years of low nesting activity may happen fairly
frequently and should be taken into consideration
in "ranching" operation. (The nesting activity at
the WCF has however been quite high this year).

REGIONAL MANAGER - KIMBERLEY

13 March, 1991

Cb/df
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Results of Saltwater Crocodile (Crocodylus pbrosus) Survey in

the Deep Bay (Kalumburu) area of Western Austalia (1991) (King
Edward River and Monger Ck}).

Introduction

on the 14th and 15th of July 1991, myself and Greg Harman
conducted surveys in the Deep Bay area including areas of
tidal rivers and creeks.

It is not known if spotlight surveys have been carried out in
this area before. The Surveys are in response to frequent
reports of problem crocodiles by members of the Kalumburu
Aboriginal community.

During the surveys three (3) C.porosus (1 adult and 2 sgb—
adults) were caught and relocated to the Fremantle Crocodile
Farm. (Reg 4 lic 509 refers). .

Methods

The spotlight technique used has been described in detail by
Messel et al (1981) and on numerous occassions in survey
reports to CALM by G.Webb Pty limited. It is not considered
necessary to repeat this.

The areas in Deep Bay, and Monger Creek were -spotlight
surveyed using a 4 metre punt. The section of the King Edwgrd
River was surveyed using a 5.2 metre V hull sports fishing
boat.

For consistency one spotter was used ; Russell Gueho (CALM).

Results

A total distance of 16 kilometres was surveyed. Ti@al
conditions were considered optimum to spotlight surveying with
all areas covered having large areas of exposed bank.

The total number of C.porosus sighted was 23 (11 animals
sighted 14/7 and 12 sighted 15/7/91). The composition of the
animals sighted in size classes were :- 1 hatchling from
previous nesting season 1990/91, 13 non-hatchlings and 9 eyes
only sighted.

These numbers correspond to densities of 1.44 crocodiles per
kilometre.

Table 1. Results of spotlight survey in the King Edward
River, Monger Creek and Deep bay areas.

Conditions were optimum for survey technique.

NH - non hatchlings; C.p. - C.porosus; - Density is animals
per kilometre.



AREA DIST |GRID STOP C.p. | C.p.| Density
(km) |START Total| All NH

King Edward 7 BK426226 BK410250}11 1.57 [1.57

River 14/7/%1

King Edward 5.5 |BK410250 BK386223| 8 1.45 |1.27

Monger Creek

14/7/91

Monger Creek 3.5 |BK385255 BK385291;) 4 1.14 (1.14

Island (Deep

Bay) 15/7/91

Total 16 23 1.44 |1.38

The only hatchling seen during the surveys was at
approximatley grid reference BK 4103255 on the easten bank.
This animal was small and was most certainly hatched from a
nest laid in the 90/91 nesting season.

Size classes sighted (Graph 1) can only be used as a guide to
the population size structure as there is possibly a variation
in the ability of the one spotter over time to accurately
estimate sizes. (Choguenot & Webb 1987 ).

DISCUSSION

A total population of 37 animals is estimated for the areas
surveyed. This estimate is derived by using a 62% correction
factor on spotlight counts assuming that the relationship
between absolute densities and the spotlight count densities
is similar to the Northern Territory.(Bayliss et al 1983)

As this is the first survey in this area using this technique
and the areas covered represent only a small proportion of
potentially available crocodile habitat it is appropriate to
state that this population estimate is probably conservative.

There are other factors to be considered which may have caused
a lower number of animals to be sighted than would normally
have been seen.

Firstly, there is evidence to suggest that the activities of
illegal net fishermen may be affecting the population. Also
increased tourism pressures have definately resulted in
crocodiles being shot (ing.continuing). Animals sighted on
both nights were particularly wary of the outboard motor noise
and this wariness may lead to animals diving before the
spotlight can pick them up.

The percentage of "Eyes-only" sighted 1is estimated at
approximately 40% of the total sighted and may be indicative
of the wariness of these animals.



Numbers

CROCODILE SURVEY. DEEP BAY

C. porosus 14-15/7/91

I 1 3 Ll 1 I T I

EO 23 45 67 B89 10-11 12-13
-2 34 56 7-8 910 11-12 13-14
Size Structure (feet)

S Longini+ B8 Longini- N\ Monger H] Island
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Three animals were captured and removed from the King Edward
River in response to problem crocodile classification.
Historically, through data obtained by the attempt at farming
by the Kalumbaru Mission, there are indications that the area
has potential as breeding habitat. The densities and
population size structure tend to indicate a healthy system
and the area is one that should be surveyed on a regular basis
considering its proximity to Kalumbaru and the future of
tourism in the area.

For your information

Gl

R.P,GUEHO
DISTRICT WILDLIFE OFFICER
KUNUNURRA 2/9/91

Attachment: Map of area surveyed.

Reference: Results of Saltwater Crocodile (Crocodylus porosug)
surveys in the Cambridge Gulf Area of Western Australia
(1990). G.Webb Pty. Ltd.
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RE:HELICOPTER SURVEY - ROE RIVER
PROPOSED COLLECTION OF CROCODILE EGGS FROM GLENELG
RIVER FOR WYNDHAM CROCODILE FARM.

On Friday 23/3/1990 I carried out a survey of the Roe
river (PRNR) for nesting activity by C.porosus
Twenty five nests were sighted comprising:-

(a) 11 active nests

(b) 12 old nests - most likely early 1990

(c) 2 recently flooded nests.

The location of these nests can be seen on the attached
map.

Two adult C.porosus were observed in the vicinity of the
active nests (females).

Two adult C.porosus (males) were observed mid - stream at
the points indicated on the map.

I then proceeded to Pantijan station and with Nigel (WCF)
and two representatives from the Mowajum community
conducted a survey along the Glenelg river with the
intention of harvesting eggs from any nests located.

2 1/2 hours survey failed to locate any evidence of
nesting activity.

I believe this lack of activity can be directly
attributed to the prescence of large numbers of feral
deonkeys and cattle.

Numbers of donkeys and cattle observed would be in the
vicinity of 1000 plus and it is not difficult to
appreciate the degradation and pressure on the riverine
habitat.

There is however, much potential nesting habitat
available to crocodiles should the removal of feral
animals be effected.

The Glenelg now comprises open grassy river flats along
much of its length due in part to feral animal movement
breaking down the the original river banks and as a
conseguence this has contributedto increased siltation
and shallowing of much of the fresh water region of the
river.

On Saturday 24/3/1990, I spoke with Bradley NESBIT,
advisor to the Mowajum community, regarding the survey
and the feral animal problem along the Glenelg. He
advised that he believed it would be possible to obtain
fuding from ANPWS for conservation projects on Aboriginal
lands. This was raised with the possibility of fencing
suitable crocodile nesting habitat in mind.

I believe this activity, combined with a suitable
programme to remove the donkeys/ cattle in the area would
contibute a great deal to the re- establishment of the
Glenelg as a C. porosus breeding area.
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One point the Mowajum community should be aware of in
relation to fencing the area is the increased pressure
the area would receive after access tracks are developed.

Nesbit also requested input from CALM to the community
outlining the benefits of removing the feral animals from
the area i.e. restoration of C.porosus breeding habitat,
restoration of the river and the return of indigenous
fauna (noticeable in its abscence).

He feels confident that the community will receive any
input from CALM with an open mind and that our concerns
for the area and the possibility of increased people
traffic can be attended to.

For your information.

Rl

R.P.GUEHO
DISTRICT WILDLIFE OFFICER
3/4/1990
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G WEBB PTY. LIMITED
wildtife Research & Management Consultants,
PO.Box 38151,
WINNELLIE, NT. 0821
Tel: 089 221355
Fax: 089 4700678

Final Report

Saltwater Crocodile (Crocodylus pPOrosus)
Nesting in the North-East Kimberley Region of
Weslern Austraiia (1388/89 Season)

(22nd May 1989)

Introduclion

Trior to the 1988/89 wet season, information on the nesting of Crocodylus
porosus in the North-East Kimberley region was restricted to anecdotal
accounts (personal communications from Malcolm Douglas, Mike Osborn,
Father Sanz) and to hatchling sightings and nesting habitat descriptions
recorded duging population surveys (Burbridge and Messel 1970; Messel el
al 1987). There were no primary data on nesting and as such, no objective
means of assessing the levels of egg and /ot hatchling harvests that may be
appropriate if a crocodile farm were established in the Kimberley.
Recognising this situation, the Western Australian Department of
Concervation and Land Management (CALM) engaged G. Webb Pty. Ltd. to
conduct nesting snrveys and report on the results. The study in its entirity
was assisted by CALM wildlife officers and Peter Allen of Wyndham (who
financed the egg collection survey discussed below). Assistance in the field
was also provided by eollrey Munglamara, an Aboriginal frofi Kaluraburu
Iission.

Background Information

Crocodylus porosus lay their hard -shelled eggs in a mound of vegetation
and soil raked up by gravid females. Nests are nsnally constructed on the
ranks of tidal rivers, in freshwater swamps ascociated with those rivers, of
in flocdplain billabongs, some 0f which are covered with floating rafts of
vegetation, Upon which the nests are often made (Webb et al 1977, 1983,
Magnusson 1980, Whitaker 1960; Cox 1985). Oné cotnimnon denominator
appears to be the need for permanent water -- atl aquatic envitenment in



which the adult female can live throughout the vear. The nesting season 1s
typically prolonged (Webb et al. 1979, 1983; Whitaker 1980; Graham 195 1;
Cox 1985) and in the Northern Territory, it lasts from November to May (ie
the north Australian "wet” season).

Itinerary

The nesting surveys were concentrated in two areas, Cambridge Gulf and
the coastal rivers between Cambridge Gulf and the Prince Regent River
Three helicopter surveys (23-24 Januatry 1989; 4-5 February 1989, 3

May 1989), one boat survey (5 February 1989) and one egg¢/hatchling
collection whic%ed a helicopter and a boat (1 March 1989), were
conducted in Cambridge Gulf. A single helicopter survey (14- 16 March
1989) was conducted between Cambridge Gulf and the Prince Regent River
The results of these surveys were presented to CALM in three interim
reports, which are superceded by this report.

Methods

The survey procedures varied slightly during the study, but the spotter (Brett
Ottley) was constant in all surveys In Cambridge Gulf, a Bell 47 helicopier was
nsed for both surveying and egg collection. In addition, surveys were also
coniducted from a 3.4 m long boat powered by an outboard engine {in order to
ascertain the number of nests being missed frorm the air}. For the survey of
wetlands and rivers between Cambridge Gulf and the Prince Regent River, a Jet
Panger helicopter was used. A spotlight search of the the King River was also
nndertalien when hatchlings were collected.

All nests located in Cambridge Gulf and those in the Prince Regent and Roe
Rivers which wetre accessible, were opened to check for eggs. If eggs were
present, a thermometer was positioned amongst them (2-3 eggs deep), and the
egos were recovered until the temperature stabilised. The "spot nest”
temperature recorded in this fashion is an index of the general thermal
conditions that the eggs are experiencing.

After the nest temperature had been recorded, ali eggs were removed from
the nest. The upper sutface of each egg was marked with a pencil so that they
could be returned at the same orientation. From each nest, egg widths and
lengths were measured with calipers on a sample of 5 or 10 eggs. Given the
uniform size of eggs within a clutch, such a sample is adequate to characterice
the clutch.

The outside appearance of each egg, particularly the extent and nature of the
opadque band, was used as a guide to embryo age and condition All clutches
were older that 1 dav of age, and had various stages of opaque banding(Webtb
et al, 1486, 1967). The lack of a hand was used to indicate “infertility” and



ost, eggs so diagnosed were opened to confirmn the diagnosis. Amongst fertile
e;gs I 2pe (and in two cases 2 eggs) per clutch were sacriliced to obtain an
embrvo for aging. Fertile eggs which appeared dead (retarded epaque band
development; badly discoloured; invaded by fungus) were opened and death
confirmed. Eggs without such obvious signs were assumed to contain live
embrves, sltheugh seme dead ones may well have been included amongst
them All unopened egge were returned to the nests, and the nest meunds
were restored to their previous condition before leaving.

When eops were collected, the same procedure was folowed, but eggs were
packed in nesting material within insulated "eskies™ and traneported back to
Tarwin, where they were incubated at 320 C

Map references genarally refer to the 1:100,000 series (2 g Refn 4566-
433776), where the first four nutnbers denote the map Cheet reference, and
the following Six numbers the vertical {eg 433) and horizontal {ew770)
references. In some cases references refer to 1:250,000 maps (e.¢ Refn SD
52.14-CH 7674}, where the two letters and following four dlgltb (gg. SD

%2 14) refer to the map sheet, and the following two letters and four numbers

feg CH 7674) refer to grid blocks and » vertical and horizontal references.

Areas Surveyed

1. Cambridge Gulif
On 23-24 J[anuvary 1989, helicopter surveys were conducted over the Ord
River, Goose Hill Swamp area, Parry Creek, Parry Lagoon swamps, Collins
Creek, Reedy Creek, the tidal pool off Collins Creek, the coastal tidal creeks on
the east bank of the Ord in the Mount Connection area, King River and
associated tidal pools, the east bank of the West Arm, both banks of the
Pentacost River as far as the road crossing, and Bulia Nulla Creek (Fig. 1)

On 4-5 Febmary 1489, helicopter surveys were conducted over the sections of
e mu and Ord Rivers in which nests wete located on the Iirst survey, in
addition to surveys of the Forrest River, Thompson River, Lyne River, the False
Mouths of the Ozd, Sections of the Pentacost River were alzo resur veyed (Fig.
1).0n 5 Febuary 1989, the upper reaches of the King River were sur *o"ad
fromn a 4.4 m aluminium boat at high tide.

Cm 1 March 1989 the & nests previously located on the King River (7 with
egps, | without egs) were visited with a view to collecting all eggs. On the
night of the | March 1989, a spotlight survey was undertaken to pick up
hatchlings from nests that appeared to have hatched
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on 3 May [9849 the potential and known nesting areas in Cambridge Gulf
were resurveyed. The purpose of this survey was to locate any late season
nests The area surveyed (Fig 3) included both banke of the {ollowing rivers,
the Ord River from Houze Roof Hill (Refn 4566-433776) dovnstream to
Foseil Island (Refn 4567-216040), the Forrest River and the mainstream
Istands between the Forrest River Mission (Refn 4467-755205) ang
Milligan Range eccarpment (Refn 4467-852139), the King River between
the Pump Station (Refn 4566-045745) and the upper limits of the tidal
influence (Refn 4566-027703), Durack River from its mouth (Refn SD
52 14-CH 7674) to the escarpment edge (Refn SD 52.14-6678} and
Pentacest River from the mouth of the Durack River (Refn SD 52.14-CH
7674) upstream to Bindeola Creek (Refn SD 52.14-CH 7664).

2. Cambridge Gulf to Prince Regent River

ofosus nesting survey of all major river systems between Cambridge
EJUII qntj the Prince Regent River was conducted on 14- 16 March 1949

Jurveys wers conducted with Brett Ottley spotting m’i Chris Dons
fniavigating The [ollowing areas wetre sur vc—*}yed (Fig. 2

I Lacrosse [sland, in the Cambridge Gulf
(Refn 4568-255695);
2 The ndal creeks in Joseph Benarparte Gult
(Refn 4468-905877 to 4468-847903);
5. The tidal creek to the immediate west of buckle Head
(Refn 446G-732021),
4 Berkley River (Refn 4469-685135);
5. Drysdale River (Refn 4270-665560) and Placid creek, at the
mouth of the Drysdate River (Refn 4270-635528);
i King Edward (Refn 4269-408255) and Carson rivers (Refn 4269-
454030);
7. The creeks in Vansittart Bay {Refn 4169-085250 to 4169-
013297);
&. Cape Bougainviile (Refn 4170-906559);
9. The tidal creeks on the eastern side of Admiralty Gulf
(Refn 4168-800920),
10. Lawley River system (Refn 4068-145795),
11. Mitchell River (Refn 4068-905950);
12 The tidal creek oppostte Scott Strait (Refn 3968-485792),
4 Eoo (Refn 3967-565240 ) and Moran Rivers (Refn 4067-
7451006),
14 Hunter river (Refn 3967-605375): and,
15 Frinice Regent River system (Refn 3967-225905)
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Results and Discussion
NEST LOCATIONS
1. General

Based on experiences in the Northern Territory, habitats suitable for C.
poresus nesting are scarce in the North-East Kimberley. They were located
in a small number of rivers, and within these, they were often restricted o
small patches. The mangrove-saltpan habitats found toward the mouths of
rmost tidal rivers are unsuitable for nesting. The only nesting habitats
located were grass plains abutting the mangrove fringe, and three areas of
freshwater swamp associated with mangroves (one flooded nest was found
in one of these swamps). -

Altogether, 39 nests were located in Western Australia (Tables t and 2; Figs
2.9} 37 were constructed in the 1988/1989 nesting season and 2 were
from an earlier season. Fourteen nests were found in the Cambridge Gulf
and 25 were from locations extending west of the Gulf to the Prince Regent
River (see below).

Table 1: General survey results.

Date Method Area No. of nests
found
23-24 Jan 1989 Heli Cambridge Gulf 10
4-5 Feb 1989 Heli Cambridge Guif 1
5 Feb 1989 Boat King River 3
14-16 Mar 1Q&9 Heli North-East. 25
Kimberley
3 May 1989 Heli Cambridge Gulf 0




Table 2. Details of C._porosus nests located in the North-East Kimberley

during the 19868/ 1989 nesting season. Grid References refer to

the 1:100,000 Topographic¢ maps. NE = not examined.

Nest Grid Hatched/ Nest Notes
No. Reference Unhatched Type

Ord | 4567-274804 Unhatched Bank

ord Z 4566-275803 Unhatched  Bank

Ord 3 4566-276861 Unhatched  Bank

ord 4 4566-276560 Unhatched  Bank

Ord 5 4566-276858 Unhatchéd  Bank

ord 6 4566-270857 Unhatched Bank

King 1 4500-0197 14 Unhatched  Bank

King 2 450H-0237134 Unhatched Bank

King 3 45606-025736 - Bank False nests
King 4 4566-026737 Unhatched Bank

King 5 566-026715 Unhatched — Bank

King 6 4566-023728 Unhatched  Bank

King 7 4566-020729 Unhatched  Bank

King & 4566-026710 Unhatched  Bank

Drysdale | 4270-787536 Hatched Bank NE
Adriraity

Guif Creek 1 4168-847863 - Swamp  Flooded/NE
Prince

Regent | 2967-366924 Unhatched Bank

Prince

Fegent. 2 3966-550662 Hatched Bank 87/58 season/NE
Roe | 4007-743124 Hatched Bank NE
Roe 2 4007-733125 Unhatched Bank

Roe 3 4067-734126 Hatched Bank NE
Roe 4 4067-734127 Hatched Bank NE
Roe § 40067-734128 Hatched Bank NE
Roe 6 4067-734128 Unhatched Bank

Roe 7 4067-746106 Unhatched  Bank

Roe & 4067-739114 Unhatched Bank NE
Roe 9 4067-728118 Unhatched Bank NE
Roe 10 4067-726117 Hatched Bank NE
Roe 11 40067-733143 Unhatched Bank

Roe 12 4067-733153 Hatched Bank NE



Table 2. continued

Nest Grid Hatched/ Nest Notes
No. Reference Unhatched Type

Roe 13 4067-7%2159 Hatched Bank NE
Roe 14 4067-732159 Unhatched Bank NE
Roe 15 4007-721187 Unhatched Bank

Roe 16 4067-736168 Hatched Bank HE
Roe 17 4067-734170 Hatched Bank HE
Roe 1§ 4067-733172 Hatched Bank NE
0 19 4067-733173 Unhatched  Bank

Roe 20 4067-736191 Halched Bank NE
Cape

Bouganville [ 4170-907558 - Sand Dune  2-3 yrs obd

The majority of nests located were bank nests, that is nests constructed ony '
the banks ,f ‘udal rivers, usually 1-3 ta frotn the high tide fevel (Magnusson
1940, Webl et al 1977) This reflects in part the restricted avaifablity of
nesting h-_‘l.blt_tt in the areas surveyed, especially when compared to the
Notthern Territory, where only 24% of recorded nests are on banks
{unpublished data).

2. Cambridge Gulf

No new nests were located on the final Cambridge Guif resurvey (3 May 19389)
of known or potential nesting areas. Nests located in the earliar surveys were
in two regions:

1. West bank of the Ord River (Fig.3) adjacent to the current Parry Lagoous
Hature Reserve, and within the proposed nature reserve 51967 (6 nests),
and,

2.0n the east and west bank of the upper reaches of the King River (Fig.4],
which iz outside present or proposed reserves (7 nest with eggs).

The relationchip between nests located by helicopter (5} and additional nests
focated by boat {3) gives an indication of sightability The position of the nesls
previcusly located Ly hielicopter were easily discernible from the toat by the
well used tracks made by the femate crocodile through the fnangroves Lo her

[ovatas QH nocto v b Viree Datrae vivnndAd von wvicitndan o tha sy snelr iy,
.IJC\J‘. Bhl LG DD Nl LJ..I.'- l}ll]}: Y <l \'V‘\.’ulu [ EA T P ) N .l.{- il Jlll L\llc 'l] feu V' } .ly lll '«.-J.J.V

season when the mounds are still large and have not been eraded by the
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weathier or overgrown with vegetation. The reasons that the 3 addittonal nests
were not found by helicopter on the [irst survey were:

1.

[

one nest was under a canopy and was well hidden; and,

“at the time of these curveys all the nests were old and those missed {rem

the helicopter but located by beat had heen weathered to small mounds
and were overgrown with weeds and grasses.

_the pilot's inexperience on the first survey, which meant that the

observer had to keep redirecting the pilot to the detriment of spotiing,
may have led to an incomplete cover of the area for the observer.

3. Cambridge Guif to Prince Regent River

Survey resnlts were as follows:

i Lacrosse Island, in the Cambridge Gulf

{Refn 4568-255695):

Mo significant areas of nesting habitat were located. & small { reshwater
anak behind the sand dunes (Refn 4568-25569%5) conld support a
emall nuber of adults and nests may be constructed there in some
years -- none were found on this survey.

2 The tidal creeks in Joseph Bonarparte Gulf

(Refn 4468-905877 to 4468-847903):

Mangrove lined creeks with no sighificant nesting habitat or fniests
located.

3 The tidal creek to the immediate west of Buckle Head

(Refn 4469-732021):

Potential nesting habitat was located at the upstream section of the
tidal creek to the west of Buckle Head (Refn 4469-695015). There
was a small area of Phragmites karka( cane grass) swamp and good
stands of broad-leaved grasses aleng the banks A 3-4 feot €. porosue
wae ceef;, but no nests wete focated.

4. Berkley River (Refn 4469-685135):

The tidal extent of the Berkley River is demarcated by an escarpment
waterfall. Between the waterfall and the mouth, there are mangroves
abutting the gorge through which the river runs. Some very strall
patches of grass bank occur behind this mangrove fringe, which may
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be used for nesting on some years. No nests were found, and the area
15 1ot considered a.stgnificant one with regard to C_porosus nesting

5. Drysdale River (Refn 4270-665560) and Placid creek, at the
mouth of the Drysdale River (Refn 4270-635528):

The small eastern arm of Drysdale River had nesting habitat in the
upper reaches of the tidat section (Refn 4270-780515 to 4269-
808507). In these areas the dominant plant was the mangrove fern
(Acrostichumm speciosutn). One hatched nest from the 1988/89 wet
season was located (Refn 4270-787536) and we were shown two
sites (Refn 4270-697576 and 4269-798506: Fig. 5), at which C.
porosus had nested on previous years, by Geoffery Munglamara whio
had collected the eggs for Father Sanz. The main beds of mangrove
fern beside the Drysdale River were flooded during the survey and
any old nests, if présent, would have been underwater Placid Creek i
a tidal creek with mangrove and saltpan abutting the creek -- no areas
oI nesting habitat nor nests were identified. The G. Munglamara said
that "stnall” salties had been caught in Placid Creek, but he knew of no
known nest sites there. ‘

6. King Edward (Refn 4269-408255) and Carson rivers
(Refn 4269-454030):

snifable nesting areas wers located along the upstream sections ol
both the King Edward and Carson Rivers (Refn 4269-455176 to
4268-306935 and 4269-454030 to 4269-515983). The river
bank habitat was deminated by tall, broad-leafed grasses, which
appeared identical to those used by nesting C. porosus ¢lsewhere.

A possible nest was located (Refn 4269-474015) downstream of
where the Gibb River road crosses the Carson River, although due to
talt grass and small trees, the helicopter could not land. The area had
been scoured by flood waters and the suspect nest was badly eroded,
making positive identification from the air itnpossible. The site has
been recorded as a possible nest, but has been excluded from all
tables. According to the Aboriginals from Kalumburu, no C. porosus
occur that far upstream, although we could see no reason why this
should be so.

7.The creeks in Vansittart Bay (Refn 4169-085250 to 4169-
018297):

Mangrove lined creeks with no significant nesting habitat or nests
located
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8. Cape Bougainville (Refn 4170-906559):

A C._porosus nest site at Cape Bouganville (Refn 4170-906559: Fig.
), was shown to us by Geoffery Munglamara. The area is in a small
bay and the nest was at the back of a sand dune. The only freshwater
was from runoff and seepage out of a rocky hill behind the beach,
which collects in a pool behind the cand dunes next to the nest cite.
Mangrove fern grows in the frech water, but it was brown and
withered at the titne of our visit. The nest mound was still visible but
was definitely not from the 1938/89 season -- it may well have been a
few seasons old. It appeared to be composed of beachsand, shellgrit
and a stall amount of epear grass (Sorghum intrans) and is atypical of
most C._porosus nests we have encountered. The area is stnall and it
vrould be difficult to imagine it supporting more than one female
{according to G. Munglamara, onty one nest was ever located there in
any one season). '

9. The tidal creeks on the eastern side of Admiralty Gulf
(Refn 4168-800920);

An extensive shallow, freshwater swamp, dominated by paperbark
{Melalueca sp.) with an understory of cane grass (P, karka), exists at
the head of the small tidal creek on the eastern side of the Admiralty
Gulf (Refn 4168-846864). A flooded nest from the 1988/89G season
was found in cane grass at the base of a paperbark tree (Refn. 4168-
847863: Fig. 7) The area had been flooded by the tecent rains, and
the flooding had flattening patches of cane grass and the beds of
grasses which line the channels draining into the swamp from the
surrounding escarpment. There may welt have been some other nests
obscured by the flattened vegetation. Permanent water (throughout
the dry season) appears litited to a small tidal creek draining the
swamp, and this may well limit the number of adult femates that live
and nest in what otherwise appears to be excellent nesting habitat.

10. Lawley River system (Refn 4068-145795):

The river banks are lined with mangroves and saltpans, with no
obvious nesting habitat or nests located. Some hatchlings were
reported in the Lawley River by Messel et al. (1987).

11. Mitchell River (Refn 4068-905950):

The tidal extent of the Mitchell River is demarcated by an escarpment
waterfall. Between the water{all and the mouth of the river,
mangroves abut the rocky river banks. No significant patches of
nesting habitat were located, although an odd nest may be made in
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small patches of grass behind the mangrove fringe. Some hatchlings
were reported in the Mitchell River by Messel et al. (1987).

12. The tidal creek opposite Scott Strait
(Refn 3968-485792):

Mangrove lined creek with no significant nesting habitat or nests
located.

13. Roe (Refn 3967-595240) and Moran Rivers
{Refn 4067-7451006):

The best nesting habitat so far located in Western Australia, is along
the Roe and Moran Rivers. Well developed banks of cane grass (P.
karka) and talf, broad-leafed grasses {Cetichitus elymoides and other
species) provide ideal nesting sites (Webb et al. 1977; 1983). Twenty
(20) nests were located in a10 km section (Refn 4067-736191 to
4067-746106: Fig.8) leading {rom the Roe to the Moran River. This
habitat appears to e in a near pristine state showing no evidence of
degradation due to cattle grazing.

14. Hunter river (Refn 3967-605375):

Mangrove lined banks with no significant nesting habitat or nests
identified. Some hatchlings were reported in the Hunter River by
Messel et al. (1987)

15 Prince Regent River system (Refn 3967-225905):

Although more limited than in the Roe and Moran Rivers, patches of
cane grass and broad-leafed grasses also occur on the Prince Regent
River Two neste were focated (Fig. §), one on the mainstream from the
1988789 season (Refn 3967-366924) and an old nest on a side
creek (Refn 3966-550662), at a site found by Done in 1987 (It did
not appear to have been used this season). Due to logistic constraints,
the complete Prince Regent River was not surveyed, and alt good areas
of nesting habitat may not have been identified. In addition, the banks
of the Prince Regent had been scoured by flood waters resulting from
the recent heavy raine, and these may well have destreyed 1988/80
tiests

TIME OF RESTING
The estimated time of nesting for all nests examined is summarised in Table

3. With the exception of | nest, all were laid in December -January,
suggesting that the time of nesting is contracted to a brief peried after the
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onset of the first storms of the wet season. No late survey was carried out
between between Cambridge Gulf and the Prince Regent, so we can only
assume that it follows the trends described in Cambridge Guif (i.e no late
nesting).

Table 3. Details of the twenty nests with eggs examined, and the nest
temperatures, which are used for correcting the age of etnbryos.
NA = not applicable.

Nest Clutch 30 C Age at  Nest Estimated Date
No. Size examination Temp. Real Age Laid
(Days) {Days)
Ord 1 58 55 319 44 23 Dec 88
Ord 2 28 65 332 49 13 Dec 83
Ord 3 44 68 345 50 17 Dec 38
Ord 4 57 06 345 48 19 Dec &8
0rd 5 47 30 335 22 13 Jan 69
Ord 6 41 71 325 55 11 Dec 68
King 1 60 71 34.8 52 14 Dec 88
King 2 59 68 3865 50 16 Dec 88
King 3 - - - T s
King 4 44 45 33 34 31 Dec 88
King 5 52 24 32.8 18 17 Jan 89
King & 43 63 345 46 21Dec 83
King 7 56 64 - 47 20 Dec 88
King & 48 66 35.0 48 19 Dec &6
Prince
Regent 1 24 85.4 335 73.0 3 Jan 89
Roe 2 42 b7 7 299 569 17 Jan 89
Roe & 41 70.0 324 535 22 Jan &9
Roe 7 39 56.8 305 58.6 17 Jan 89
Roe 11 31 68.9 315 57.2 19 Jan 89
Roe 15 27 63.2 295 549 21 Jan 89
Roe 19 36 14.9 - 12.1 5 Mar &9
MEANS 446+ 24 NA 232+ 05 NA NA

Relative to C. porosus nesting in the Northern Territory {Webb et al. 1979,
1963) and Papua New Guinea (Whitaker 1980; Graham 19§ 1; Cox 1385},
which extends from November to May with a definite peak between
December and February, nesting in the Kimberley is a far more contracted
affair.



NEST TEMPERATURES AND CLUTCH
CHARACTERISTICS

Of the twenty -two nests visited, twenty contained eggs (King 3 and Cape
Bougainville | had no eggs) (Table 2 and Table 3). The average clutch size was
44.6 + 2.4 (SE) eggs, which is less than in the Northern Territory (50.0 + 0.5;
Webb and Cooper-Preston 1989). However, if the areas are examined
separately the Cambridge Gulf average was 50.1 + 2.1 eggs per clutch, whereas
the Prince Regent/Roe had an average of only 34.5 + 2.7 eggs.

Nest temperatures differed significantly between the two areas in the Prince
Regent/Roe it averaged 31.3 + 0.79C which is similar to that of nests in the
Northern Territory (317 + 0.1; Webb and Cooper-Preston 1989). Although
these temperatures were probably lowered by the period of intense rain and
[looding prior to the survey, the nests were probably kept from overheating
by shade produced by the tall vegetation, mangroves and the escarpment.
preventing prolonged exposure to the sun. In the Cambridge Gulf, where most
nests were well exposed, mean nest temperature was 34.1 + 0.5¢ C and the
highest temperature was 3§.5° C. These are exceedingly high relative to nest
temperatures recorded in the Northern Territory, and are in the critical or
lethal range (>359C; Webb and Cooper-Preston 1989). 1t is difficult to avoid
the conchusion that embryo mortality due to high temperatures is a significant
probletn for C.porosus nesting in the Cambridge Gulf area.

Within the Cambridge Gulf, tetnperatures in the Ord nests (33.4 + 0.4% C) were
lower than those in the King {34.9 + 0.8° C). This appears to be refated to the
degree of shelter. In the Ord, the nests were reasonably-sized mounds in a tall
burr, Xanthium occidentale, and they tended to be sited in the partial shade of
trees. In the King, the mounds were small, constructed in areas where grassy
vegetation was sparse {(caused to some degree by grazing), and were largely
without shade.

Although clutch size differed between the Cambridge Gulf and Prince
Regent/Eoe areas, egg sizes were simifar (Tables 4 and 5). Mean egg weight
(93.2 + 3.5 g) was predicted from the egg length and width (Webb et al. 1933
and was appreciably less than in the Nerthern Territory (109 + 0.79). Because
of the differing clutch sizes, predicted ctutch mass between the fwo areas also
differed Female C.porosus in Cambridge Gulf had an average of 4.64 +0 24 kg;
whereas those in the Prince Regent/Roe had 321+ 0 30 ke

11 total clutch mass scales to female size as it does in the Northern Territory,
the approximate female sizes ¢an be predicted [Y = 0.312X + 672, where ¥ =
total length in feet and X = clutch mass in kilograms). Predicted sizes (Tables 4
and 5) are consistent with those estimated by observers on site: however the
poscibility of larger crocediles with smaller clutch masces cannot be rejected.



Table 4 Clutch characteristics of the nests from Cambridge Guil.

Nest Clutch Egg  Measures Clutch  Pred. Obset .
No. Size Length Width Pred Wt mass Female Female
mm. mm, gm (kg) TL(t) TL {ft)

Ord | 58 66.0 449 5.2 4.36 8.1
Ord? 36 177 467 1013 3.65 7.9
Ord3 44 73.0 46.7 93.4 411 3.0 7.
Ord4 57 77.8 S06 1154 658 8.8 7-6
0rd5 47 69.1 451 812 3.82 7.9
orde 41 79.7 490 1129 463 8.2
King1 60 53.4 46.3 84.3 5.06 8.3 6-9
King2 5¢ 717 47 2 33.0 5.49 5.4 &
Kingé 48 705 44.8 324 3.96 8.0 8.5
KingS 52 705 459 &6.4 4.49 8.1
King6 43 773 49.1 1092 4.70 5.2
King7 56 753 474 996 5.59 85
Kingd 46 0679 444 766 368 7.9
MEAN 501 727 46 8 g32 4.64 8.2

Table 5. Clutch characteristics of the nests from the Prince Regent and
Roe Rivers

Nest Ciutch Egg Measurements Clutch Pred.  Obser.

No. Size Length Width Pred Wt Mass Female Female
mm. tm gm (kg) TL(ft) TL{L)

Prince

Regentl 24 706 482 94.8 228 7.4 8.5

Roe 2 42 773 508 1153 4.84 5.2

Roe 6 41 6786 463 834 3.42 7.8 75

Roe 7 39 76.9 468 1003 391 79

Roe 11 31 70.1 477 921 2.86 7.6

kRoe 15 27 6786 444 704 2.06 7.4

Roe 19 36 72.7 451 872 313 7.7

MEAN 243 719 470 928 3.21 77
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EGG COLLECTION

Eggs and hatchlings were collected from the King River nests on the 1 March
1089, When nests with eggs were examined on the 5 Febuary, a total of 268
egos were returned to the nests. Onty 80 eggs were left in the nests at the time
of collection (Table 6). In two nests, the excavation was consistent with a
female saltwater crocodile having released the young, but in four nests they
appeared to have been excavated by predators, possibly varanids. On the night
of 1 March a spotlight search was undertaken to pick up any hatchlings
produced from those nests -- only three hatchlings were found (all collected)
from the water adjacent to nest King §.

The above results suggests that the initial disturbance of the nests, during the
survey, may have enhanced predation by releasing smells from within the
nest. This would be consistent with the findings in other studies of Alligator
mississippiensis (Deitz and Hines 1980), Crocodylus porosus (Magnusson 1982,
C. johnstoni (Smith 1987) and Caiman vacare (Crawshaw and Schaller 1960).

Table 6. Details of nests examined on | March 1989. ™" indicates no
hatchlings located by spotlight, suggesting that the eggs were eaten by
predators.

Nest No. Eggs Ho.eggs/ Dead Viable Notes No.
remaining  hatchlings Eggs Eggs
on 5 Feb.  collected

King 1 53 - - - Hatched /Predated *
King 2 51 - - - Hatched /Predated *
King % - - - - False Nest

King 4 43 - - - Predated *

King 5 42 23 4 19 Predated *

King 6 11 5 - 5 Predated/hatching *
King 7 41 26 18 & Predated/hatching *
King 4 27 26 ! 25 Hatching (3 h's in water)

Total 268 80 23 57
2932 85 6% 21.3%

Of the 57 eggs collected 38 were in the process of hatching and the
remaining 19 from King 5 were incubated by G Webb Pty. Ltd. (Table 7.) Of
the 55 hatchlings produced 10 were obviously abnormal and 45 appeared
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normal. The abnormal hatchlings showed deformities consistent with high
tetnperature incubation: kinked spines, curled tails and rutited animals with
large yolk masses. Three of these abnormal hatchlings were destroyed.

Table 7. The fate of the 57 eggs collected from the King River.

Nest No. Viable No. eggs No. Hatchlings Notes

No. Eggs Inc. Nor. Abn
collected

King 1 - - - -

King 2 - - - -

King 4 - - - -

King 5 19 19 14 3 2 dead eggs

King 6 S - 3 2 2 abn. destroyed, .
both severe

. kinked spines.

King7 b - 7 1 ! Runt destroyed,

Kingd 25 - 21 4 3 Runts; 1 eurled
tail.

Total 57 19 . 45 10

332 78.9% 17.5%

EGG AND EMBRYO CONDITION

The condition of eggs in Cambridge Gulif differed slightly (Table &) from
those between Cambridge Gulf and the Prince Regent Rivers (Table 9).
Infertility accounted for 6.8% of the eggs in the Cambridge Guif and 3.8% in
the Prince Regent-Roe. Such infertility percentages are in general agreement
with nests {from the Northern Territory, and may be overestimates -- very
early embryonic death (<1 day) are often difficult to detect, but can vary
from none to 100% of a clutch.

16
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Table §. The general condition of C. porosus eggs from nests in the

Cambridge Gulf.
Nest  No.of Infertile Dead Live Eggs Killed
No. Eggs Eggs Eggs _Remaining for Aging
Ordl 56 1 4 53 1
Ordz 38 3 1 34 !
Ord3 44 - 4 40 ]
Ordg 57 i 1 55 2
0rd5 47 15 3 29 1
Ordb 41 ! 3 37 1
King 1 &0 3 3 54
King2 59 3 4 52 1
King3 - - - -
King4 48 - 4 44 1
King5 52 7 6 39 1
Kingb 43 2 29 12 1
King? 56 1 31 24 1
Kingd 48 7 14 27 1
Total 651 44 107 500 14
6.8% 16.4% 76.8%

Table 9. The general condition of C. porosus eggs located in Roe and
Prince Regent River.

Nest No. of Infertite Dead Live Eggs Killed

N, Egos Eggs Eggs Remaining  for Aging
Prince

Regent 1 24 - 1 23 |
Roe 2 42 1 5 36 1
Roe © 41 ! 4 30 1
Roe 7 39 2 i 36 |
Roe 11 31 1 2 28 2
Roe 15 27 3 5 19 |
Roe 18 30 1 - 35 |
Total 240 9 18 213 6

3.6% 75% 36.0%

v L Kk B RS L ARE T e e e TR
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The 10.4% of Cambridge Gulfl eggs noted as "dead” is probably an
underestimate. The distinction between live and dead was made by external
appearence during the first surveys, and was not cenfirmed by incubation
(a great many of these eggs had disappeared before the egg collection).
Flooding, the major cause of mortality in most areas (Magnusson 1980;
Webb et al 1983; unpublished data), did not appear to have affected the
nests in the Cambridge Gulf. In contrast, overheating appeared to be a very
significant cause of mortality (655% of dead eggs; Table 10) and may well
have accounted for a significant proportion of the scattered developmental
failures (30.9% "Unknown”).

Table 10. Probable causes.of mortality in unhatched C. porosus nests from

the Cambridge Gulf.
Nest No of Crushed Flooded Overheating Unkn. Total (%)
No.  Eggs

ord | 56 - - - 4 4 (6.9)

Ordz 36 - - - 1 1 (307

Ords 44 1 - - 3 4 (9.1}

ord4 57 1 - - - 1 2.0)

OrdS 47 - - - 3 3 (6.4)

arab 41 - - - 3 3 @3
King 1 60 - - - 3 5 (5.0
King2 59 1 - - 3 4 (6.8)
King4 48 - - - 4 4 (8.3)
King5 52 - - - 2 2 (3.8)
Kingb 43 - - 29 - 29 (67.4)
King7 56 - - 13 - 13 (23.2)
King$ 48 - - 13 - 13 {27.0)
Total 651 3 - 55 26 34 129

% of total eggs 0.5 0.0 8.5 4.0 12.9

% of dead eggs 36 0.0 655 30.9

In the Prince Regent/Roe 7.5% of eggs were noted as dead (Table 11) from
their externat appearence. This is probably more accurate than the estimate
for the Cambridge Gulf nests, as the eggs were more advanced when
examined, which makes the distinction between live and dead ones far
easier (live eggs were fully opaque, such that banded eggs were opened and
found to be dead)
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Dead eggs were scattered through clutches, rather than being grouped in a
way that would suggest [looding or part of the clutch having reached critical
temperatures. Accordingly, there were no obvious causes of the mortality
(Table 11). In most cases the embryos had died early in incubation, when
the opaque bands were narrow and even. That no embryos were found in
the eggs suggests that death occurred within the first 2 weeks, when the
embryo was small and the eye unpigmented -- certainly within the first 25
days.

Table 11. Probable causes of mortality in unhatched C, porosus nests from
Prince Regent and Roe Rivers.

Nest No.of Crushed Flooded Overheating Unkn. total (%)
No, Eggs
* Prince

Regent | 24 - - - | | 4.2
Roe 2 42 - - - 5 5 11.9
Roe 6 41 - - - 4 4 9.8
Roe 7 39 - - - ! I 2.6
Roe 11 31 - - - 2 2 6.5
Roe 15 27 - - - 5 5 18.5
Roe 19 36 - - - - -
Total 240 - - - 18 18

% of total eggs 0.0 0.0 0.0 7.5 7.5

% of dead eggs 0.0 0.0 0.0 100

THE SIZE OF THE BREEDING POPULATION

It is highly unlikely that females nest twice in a season, so that each nest
that was definitely known to contain eggs (13 in Cambridge Gulf; 23
between Cambridge Gulf and the Prince Regent River), can be assumed to
have resulted from a different female. However, what proportion of females
nest each year? In the Northern Territory, a mean correction factor of 15.5
non-hatchlings per nest found was derived as a general correction for
predicting non-hatchling numbers from nest counts (Webb et al. 1989),
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which indicates 713 non-hatchlings in the areas surveyed. The subdivision
of these into adult females etc would need Lo be made on the basis of
calching results and spotlight surveys.

However, the corrections referred to above were made in two of the highest
densily nesting areas within the Northern Territory, and their application to
Kimberley Rivers (other than the Roe and Glenelg) may be restricted. For
example, over the last ten years in Darwin Harbour 550 non-hatchling C,
porosus have been removed, 312 of which were females, and 74 of which
were longer than 229 cm totai length (7.5 feet; the length at which females
are generally considered to mature); some 100 non-hatchlings are now
removed annually. Yet we have not found a nest in Darwin Harbour
afthough the presence of one or iwo nests per year has been revealed by
the odd haichling. Clearly, in such low density areas the correction from
non-hatchling numbers to nest numbers changes.

[n our opinion, any realistic assessment of the extent of the breeding
population will need to await spotlight counts, and ideally catching results.
from the areas over which the nesting surveys were conducted.

General Discussion

The results of the surveys indicate that nesting across the Kimberley is
more similar to that in the southern pacts of the Northern Territory "Top
End” (Victoria River, southern Gulf of Carpentaria) than to that of the
northern parts. There is simply a lack of breeding habitat across northern
Australia in areas with less than 1200 mm of annual rainfall.

This situation is reflected in refatively low densities of C. porosus, as
recorded in the spotlight counts of Burbidge and Messel (1977) and Messel
et al, (1987). Historical data from the Northern Territory has shown that
rivers with low densities today, had low densities in the past, before serious
commercial hunting (Webb et al 1988). It seems unlikely that the
Kimberley ever contained high densities of C._porosus.

In Cambridge Gull, particularly in the Ord River, cattle grazing is having a
profound affect on the extent of grass banks abutting the river. As these are
used for nesting, we appear to be seeing a continuous degrading of potential
nesting habitat in that river -- it may account in part for the low density of
nesting recorded there, and for the fact that all nests found were in beds of
an introduced burr. Yet in the Pentacost, Durack and Forrest Rivers, suitable
grass banks appeared in tact, yet there was no nesting and no hatchlings
sighted in spotlight surveys (Messel et al. 1987). In these the rivers, at the
point where potentially suitable grass banks are located, the rivers appear
shallow and have large, exposed sand bars even at high tide tide(Messel et



al. 1987}, they may simply offer no deep water refuge at low tide, such that
adult females avoid them.

Between Cambridge Gulf and the Prince Regent River, the most suitable and
extensive nesting habitat was found in the Roe and Prince Regent Rivers.
Unlike the majority of Kimberley rivers, these have well-developed grassy
banks composed of thick stands of tall broad-leafed grasses (eg. Pragmites

karka, Sorghum sp., Cenchrus elymoides).

Nests were found in areas where large numbers of hatchlings or small
crocodiles (2-4ft) were sighted during spotlight surveys (Messel et al.
1987). Although small numbers of hatchlings were sighted in the Hunter,
Lawley and Mitchell Rivers, no significant nesting habitat was recorded
there. It appears that some nests are indeed made in such areas, but in
small numbers, possibly in atypical habitats. Nesting in such areas may also
be strongly dependent on season, as heavy rains during the late dry season
may be needed to stimulate sufficient vegetation growth, for nesting later
in the season.

Other areas west of the Prince Regent River may prove to contain suitable
nesting habitat. Although not surveyed in this study, large numbers of
hatchlings were recorded during spotlight counts in the Glenelg River
(Burbidge and Messel 1979; Messel et al. 1987), which is not in a
conservation reserve. It would seem highly likely that significant numbers
of nests occur there, such that it is one of the only sites outside the Ord and
King Rivers where eggs could be available for commercial harvesting.

To identify further nesting areas in Cambridge Gulf, it would seem
beneficial to conduct spotlight surveys during the early dry season, to locate
as many hatchling creches as possible. {Hatchling creches tend to remain
near nests for a few months (Webb et al. 1977)1.

Because nesting effort varies annually, the extent of nesting in the North-
East Kimberley in the 1988/1989 season needs to be interpreted cautiously.
In the Northern Territory nest numbers ffuctuate greatly from vear to year:
for example in 1987/1988 12 nests were located in Melacca Swamp,
whereas in 1988/1989 27 nests were found in the same area. In both the
Northern Territory and Queensland this season (1988/1989) was
considered "good”, with above average numbers of nests, and the same may
be true of the Kimberley. In contrast, if rainfall in the Kimberley was
restricted this year, as some claim, nesting may well have been constrained.
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To:

Your Ret:
QOur Ref:
Enquiries:
Phone:

Subject:

DEPARTMENT OF CONSERVATION AND LAND MANAGEMENT

Form CLM 808

To: Chris Done
From: Russell Gueho

Re:Crocodile Nesting Survey 3/5/89

A helicopter survey, in company with Brett ottley (G.Webb
& Associates) was undertaken in the following areas on
3/5/89.

No active nest were located.

1. Lower Ord River - False house Roof Hill to Fossil
Island Group - no nests located.

2. Forrest River - no nests located.

3. King River - no active nests located.
4. Pentecost River - no nests located.
5. Durack River - no nests located.

See attached maps for areas surveyed.

For your information. ?ééjéyA
éﬁézéﬂwfr i~ /59

R.GUEHO
DWO

3/5/89
RG/Af
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DEPARTMENT OF CONSERVATION AND LAND MANAGEMENT

Formn CLM 80B

TO :REGIONAL MANAGER, KIMBERLEY
4 CHIEF WILDLIFE OFEICER, COMO B
REF:156. 1 (e

RE :ESTUARINE CROCODILE NESTING SITES 7 . ,"(:
el [

On Monday and Tuesday January 23/24 1989, I attended a
helicopter survey to locate estuarine crocodile nesting
sites in the Kununurra/Wyndham areas.

The attached maps show the locations of ten(10) active
nests, six of which are on the Ord River, and four of which
are on the King River.

Complete flight details (in map form) are held in the
regional office map cabinet for future reference.
several of the nests were checked and eggs dated at
approximately 60 to 65 days old. Females were in
attendance at all nest sites.

The areas surveyed were -

1. Ord River, both east and west banks, from the Kununurra
Diversion Dam up to and including Fossil Island, and the
following tributaries of the Ord ; Reidy Ck.,Collins Ck. and
swamp, Goose Hi1l Ck. and offshoot creek south of Turkey
Island, tidal creeks north of Mount Connection, tidal pools
south-east of Wedge Hills, the Ord River Nature Reserve
mangrove and swamp area, Wild Goose swamp, and various
waterways and swamps connecting Parry Lagoons Nature Reserve
with the Ord River in flood.

2. The upper reaches of tidal Parry Creek.

3. The King River from approximately ten(10) kKilometres
upstream from the mouth (both banks of the river) to two(2)
kilometres upstream of the King River pumping station
including tidal overflows near Gooline, and west of the
Moochalabra pumping station. Also Moochalabra Ck. up to the
dam wall.

4. The west arm of Cambridge Gulf {south-east bank only)
from Slaty Creek to the mouth of the Pentecost River.

5. The Pentecost River tidal areas up to the Gibb River
road crossing (east and west bank) including Yanabar creek.

6. Durack River mouth entrance.

7. Nulla-Nulla Creek and Dowala pool.

The Ord river nest sites were constructed with either
mangrove litter,spikerush,dead Noogoora burr staiks and mud
or a combination of these. They were amongst (mostly
underneath) mangrove {sp. to be identified) in a patch of
partially inundated spikerush (Eleocharis sphaceleta) mainly
close to the river proper (10m), the furthest being about
50-60 m.from the water’s edge. Each nest had a wallow
within 2 to 3 m. of the nest mound, with another wallow
nearby underneath dense vegetation.

Y
2 b




The King river nests were constructed of dead.canegrass
(Poaceae Tamily) and mud within 3 m. of the high tide mark
and under wattle (possibly A.holosericea).

Forwarded for your information.

M.G. OSBORN.
DISTICT WILDLIFE OFFICER, KUNUNURRA.

27/1/89.
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