CHAPTER 11

Crocodile Management in the
Northern Territory of Australia

Grahame J. W. Webb!? Peter J. Whitehead' and S. Charlie Manolis'?

IN the Northern Territory, the endemic Australian
freshwater crocodile, Crocodylus jobnstoni Keefft,
and the saltwater or estuarine crocodile, Crocodylis
porosus Schoeider, were both hunted commercially
betore protection in 1964 and 1971 respectively. At
thar time both species had become “rare” in areas
where they had once been “common”, and this
change in density can be attributed almost
exclusively tw hunting. Habitat degradation,
although a problem in some areas, appears w have
playved a minor role in reducing crocodile densities
in the Northern Territory.

Protection proved an effective management
strategy for hoth specics. It was introduced to
increase densities and that aim was achieved. For
example, €. porosis was hunted commercially tor 26
vears {1945/46 to 1971), and during that period
about 140,000 animals were killed. The population
at the time of protection is unknown, but was very
much a remnant. After 13 years of protection (1984)
the population is about 40,000 individuals, and this
represents some 30% o 50% of the estimated popu-
lation before commercial hunting started (Webb et
al. 1984b). With € jobnstoni an equivalent if not
greater recovery seems (0 have taken place (Webb et
al. 1983a); they were hunted intensively for only five
veurs (1959 to 1964) and have now (1984) been pro-
tected for 20 years.

The formulation of management plans more com-
plex than blanket protection was a response to the
changed status of both species. A passive manage-
ment strategy based chiefly on legal protection may
have proved an adequate conservation strategy in
the shor-term, but a more active programme, that
generdtes interest in the conservation of crocodile
habitats, is needed for long-term protection. Qur
immediate objective of establishing a sustainable
industry based on a renewable and valuable wildlife
resource, is seen 4s a positive conservation goal,
consistent with the aims of both the World Con-
servation Strategy (IUCN  1980), the Australian

Consenvation  Strategy  (Myers 1983), and with
recommedations of the US. National Research
Council {NRC 1983).

This chapter reviews the history of crocodile hunt-
ing and management within the Northern Territory
and discusses the ranching programmes proposed
and operating for both species.

HISTORICAL PERSPECTIVE

Crocodile meat and eggs were used as a food
source by Aboriginal people for some 20,000 to
40,000 years prior to European contact (McBryde
1979; Flood 1983). The impact of this harvesting on
“pristine” populations is unknown, bur should not
be lightly dismissed. Aboriginals are very skilled
hunters and they are cspecially adept at locating
nests of both specics (Webb e all 1977, Magnusson
1982). Aboriginal hunting may be related w geo-
graphic variation in “wariness” of . jobnstoni,
which allects the suitability of harchlings (even if
collected as eggs) for raising in captivity. In areas
where Aboriginals rarely, if ever, ventured, ¢
Jobnistont arc not wary (Webb 1984b), whereas in
areas heavily occupied by Aboriginals in the past,
where the crocodiles become isolated in small pools
during the dry season, they are most wary.

There are scattered references to G porosus from
the time of exploration and early settlement {1818~
1900), but virrually no mention of €. jobnstoni. This
is perhaps not surprising, as much of the early
exploration dand settlement was coastal and C
porostis represented 4 dramatic and noteworthy
animal to record in diarics, log books, memoirs and
adventure books. Even so, when atlempting to
research the history of crocodiles in the Notthern
Territory one is struck by just how [ew times efther
species is mentioned.

The literature on €. porosus is consistent with a
very “patchy” distribution, both within and berween
rivers (Webb ef af 1984b). Crocodylus porosis
never appear to have been evenly distributed, on

'Conservation Commission of the Nartheen Territony, P.O. Box 334%6, Winnellie, Noathern Ternmom: 5732, Australia.
*ehul af Zovlogy. Universite of Mew South Wales, O Box 1, Kensington, New South Wales 2053, Australia
Puges 107-24 fre WILDLIFE MANAGEMENT: CROCODILES AND ALLIGATORS el Iy Grabarne § W, Webb, §. Charlic Manolis and Perer | Whitehead. Surces Bearry and Sons Pry Limited i

assnciation with the Conservarion Commission of the Nowhern Terriry,



108

“{Q, e
[ B *

WILDLIFE MANAGEMENT: CROCODILES AND ALLIGATORS

: i /
S & i
KNGy W °
Za e S EAST az” 9 5=
5 ALLIGATOR = ’ Q
DARWIN 1' B S "’
* t - ATG g
oA daARY OUTH ~ i) :
ALIAGAT: OOMA- o GOROMURY
i G o] BLyth Jf- 4 o
FIRNSS RS PR g{a DEER GLYDEW/ A "
3 Fd
3 | ADELAIDE 2 ‘
| IVERPOOL / A4
f @
DALY ; REYNDLDS WILDMAN | n}}o
McKINLAY RO / ) duty &
Y P FERGUSSON  JKATHERINE P
rd
i //
£ .i , -
v | e N =
™ v FITZMALRIC ST - noeers” k =
N\ LY .
4 e | kY \\
1 i ~,
- " | \ ~
i / | \ <
e
KEEP ™of —qm——— VICTORIA 'i % g @Q
A
EAST \ X ~ =
BAINE 1 Yz
WEST . LIMMEN “~
BAINES ! ~ BIGHT S
i ~
\ \\ ~ )
——p—p— ~ ~
S N
0 10gkm e S
wickHAM i S Mc ARTHUR ~o
1 b -
J " -
_____________________ e
T
s
5

Fig. . The distribution of Crocodyfus porosus (within coastal line ) and Crocadyfus jobnstoni (between the lines) in the Northern Territon.
In some rivers C, jobmstonri extend into the C porosus area.

both banks of a river, along its complete length, even
in areas where they were generally “abundant”. The
highest numbers appear to have been in the
Adelaide, Roper, Daly and Alligator Rivers (King
1827; Stokes 1837; Herbert 1870; Scott 1873; Sowden
1882; Scarcy 1905, 1907, 1911; Anon 1906; Lee 1925;
Dahi 1926; Christic 1946) {Fig. 1). During this early
pericd of setlement crocodiles were killed as
vermin or for sport, and in 1874 some preserved
hatchlings were sold on an experimental basis
(Anon 1874). However, there is no evidence of any
commercial scale hunting, as for example occurred
with Alligator mississippiensis during the American
Civil War (see Joanen Chapter 4).

During the 1920's therc were trial shipments of
crocodile skins and experiments with a minor curio
industry, but neither was 1o develop, Commercial
¢rocadile hunting in the Northern Territory began
in 1945 and was directed solely at €. porosus. The
population at that time has been estimated as being
no more than 100,000 individuals (Webb ef al.
1984b}, and unevenly distributed around the coast
and associated freshwater swamps. On the basis of
interviews with people who hunted during the
1940’s, the following statement reflects accurately
what the 1945 hunters found:

“Do not imagine that all the Northern Territory
rivers and tidal creeks are thus swarming with the
estuarine crocodile.  Although in  occasional
localities along the length of the Territory coast
crocodiles are numerous, in most watcrways thev
are not nearly so plentiful”. (Idress 1946},

Between 1945 and 1971 the number of Northern
Territory C. porosus skins traded has been liberally
estimared 4s 113,000, 87,000 between 1945 and 1958
and 26,000 herween 1959 and 1971 (Webb ef al.
1984b).

Crocodylus  jobnstoni was largely  ignored
between 1945 and 1958. Their skin was inferior to
that of € porosies, because it had relatively large
belly scales and some skins contained sub-dermal
deposits of bone that the tanning technology of the
period was unable to remove without blemishing
the final product. Increased demand for skins and
advances in tanning technology were to change this
situation, and in 1959 a market for C._jobnstoni skins
was established. According to hunters, the majority
of skins came from the billabongs and upstream
freshwater sections of the Mary, McKinlay, Victoria,
Daly, Roper and Alligator Rivers. No precise data
on the total numbers taken are available, but a
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praiiminary analysis similar to that carried out for €.
Pporccns (Webb et al 1984b) indicates abour 60,000
i were traded. Crocodylus jobnstoni was pro-
axrad in 1964, five vears after hunting started and
seven vears before € porosus was protected,

In neighbouring Quecensiand, neither species of
aroceslile was protected until after a total export ban
wz imposed by the Commonwealth Government in
1972 This asynchrony in legislation meant that C
Joberzoni was protected and recovering in the
Northern Territory (since 1964) and in Western
Meegralia (since 1962), but skins could still be sold
amd exported through Queensland. A significant but
legal imerstate traffic in C jobnstoni skins is known
w hnve existed {Bustard 1970, 1971; Webb ef al
b ). but its extent is difficult w quantify. On the
ey of interviews with Queensland buyers operat-
g 2t the time, it may have been as high as 20,000
skw since 1964, If so, the total Northern Territory
harvest (pre- and post-protection) of €. jobrstoni
wouid have been about 80,000 animals.

Mounted specimens of both € porosus and C
gbvrroni were sold into a local curio market,
akbhough again the extent of the industry cannot be
meduably quantified. Qur estimate of 20,000 voung C
Porecies (Webb ef al 1984b) is probably an overesti-
-

The structure of the populations at the time of pro-
mon is better known for € porosus than for €
Fbvrzoni. When the hunting of €. porosus ceased in
B9 1. most populations contained a nucleus of wary
adults. In intensively harvested arcas most other age
elasses were scarce, but in remote areas, where
s hunting occurred irregularly, there was
alen a large complement of unharvested one and
e vear old animals (Webb et al. 1984b). Larger
peniles, especially those berween one and two
wmerres long, were rarely sighted. With ¢ jobristorii a
similar situation is thought to have existed although
shere appear to have been more subadult survivors.
Im the McKinlay River area, where € jobristoni was
heavily hunted between 1959 and 1964, the 1978/79
ape «wructure contained d significant complement of
animals that would have been subadults when the
kegal hunting period finished (Webb and Smith
1984 Webb er ol 19834).

Mast of the published research into crocodile
beoiogy stems from studies initiated after protection.
A considerable body of information about crocodile
be:lugy had been accumnulated by the hunters, but
Baic of it was ever published. The University of
$vdney initiated a programme of research into the
basic biology of € porosus, especially in tidal
habitars. which was to generate a considerable
amount of basic information (Dranc er af 1977;
Grigg 1978, 1981, Grigg and Alchin 1976; Grigg and
Caurncross 1980, Grigg e af 1980; Magnusson
1979, 1980a,b, 1981, 1982; Magnusson and Tavlor

1980, 1981; Magnusson ef ¢f. 19784,b; Messel 1977,
Taplin 1984a,h; Taplin and Grigg 1981; Taplin et al.
1982; Tayvlor 1979, Tavlor et i, 1978; Webb 1977ab;
Webb and Messel 1977ab, 1978ab, 1979; Webb et al
1977, 1978a,b). In addition, they surveyed and re-
surveyed crocodile numbers across the Northern
Territory coastling, providing a unique data base on
population recovery (Messel 1977; Messel er al
197%a-g, 1980a-f, 1981a-¢, 1982, 1984). The Conser-
vation Commission of the Northern Territory (then
the Territory Parks and Wildlife Commission)
initiated 4 programme of research into the biology
and management of € jobrsiori (Edwards 1983;
Ferguson 1985; Smith and Webb 1985, Webb 1982,
1985, 1986: Webb and Gans 1982; Webb and Manolis
1983; Wehhb and Smith 1984; Webb er af 1982, 1983a-
d.fg, 1984a) and addressed specific management
problems with € porosus {Bennett ef al. 19585;
Ferguson 1985; Seymour ef af. 1985, Webb e al.
1983e,g.h). More recently they conducted a wide
ranging survey of C. jobnstoni recruitment (Webb
and Smith 1984) and €. porosus population densities
(Bavliss ef al. 1986; Webb et al. 1984b). The Austra-
lian National Parks and Wildlife Service have
surveved C. porosus populations within the Alligator
Rivers region over a number of years {Jenkins 1979;
Jenkins and Forbes 1984).

The recovery of C. jobnstoni populations that
occurred with protection went largely unnoticed by
the public. The habitats occupied by the species tend
10 be away from population centres, there is no legal
commercial fishing in the inland freshwater areas
(and thus no opportunity for interaction with net
tishermen), and the species does not attack people,
cattlec or horses. In contrast, the post-protection
recovery of € porosus was marred by a series of
interactions between crocodiles and people,

The recovery of € porosus must be viewed in the
correct context. They had been hunted and kept at
low densitics for many years before protection in
1971. In areas where few if any crocodiles had been
sighted in “years”, crocodiles began to appear reg-
ularly. Professional fishermen operating in the
coastal estuaries began to encounter crocodiles
more frequently in their nets. As elsewhere in the
world, the interaction is of cconomic importance.
Nets are damaged and need repair, nets are ofien
tangled reducing their effectiveness, netted fish are
often eaten or damaged in the nets, and t© remove
crocodiles from nets entails 4 risk of personal injury.
Amateur fishermen were also affected by increasing
numbers of €. porosus. In the past, isolated billa-
hongs and creeks could be fished from the water’s
edge or from small boats with little chance of even
seeing 4 crocodile or worrying about what to do
it one appeared. When crocodiles began to
appear more regularly, this freedom was infringed.
Swimming in coastal areas and underwater



110 WILDLIFE MANAGEMENT: CROCODILES AND ALLIGATORS.

construction in and around the jetties and wharfs of
Darwin, were similarly aftected.

_ A cracodile “problem” was developing, and it
reached a peak in the late 1970°s when: a tourist who
wus swimming was killed by a1 crocodile; a woman
washing at the edge of 4 billabong was killed by a
crocodile; a large crocodile began attacking boats in
a popular fishing hole; a safari operator was taken
and badly mauled by a crocodile; and, 4 veterinary
officer had his leg mauled by a crocodile when he
was walking ar the edge of a swamp.

Public attitude to € porosus polarized rather
quickly. On the one hand, residents who had arrived
in Darwin as far back as the mid-1950's were seeing
more crocodiles than they had ever seen before, and
were experiencing a restriction on the freedom they
had enjoved in wetlands for the Last twenty years. On
the other hand, preservationists were claiming no
recovery had taken place and that the C porosus
population was in danger of extinction. The Austra-
lian €. porosus population was shifted from Appen-
dix II o Appendix T of CITES at this time, cven
though the Northern Territory Government
objected on the grounds that it was both inappropri-
ate and unnecessary.

At this stage, four developments set crocodile
management on its current path:

1. Public safety demanded increased awareness of
crocodiles: the positive effects of protection
n¢eded to be clearly stated, and advice given on
how crocodile-people  ineractions could be
reduced. ‘This led to a public education pro-
gramme.,

2. The probability of crocodile-people interactions
was greatest in the heavily populated areas, On
the basis that it could be reduced by removing
crocodiles from thosc areas, a problemn crocodile
programme was initiated.

3. Permission was given for the first crocodile farm
to be started, which would serve as a centre for
public education, an additional tourist facility and
a place to house problem animals. A commitment
was thus made to a crocodile farming pro-
gramime.

4. Alter considering the situation that may exist in
twenty or thirty vears time, it was decided that
public support for the conservation of both
species of crocodile and their habitats would be
greatly enhanced if there was a financial incentive
to have crocodiles present in large numbers in
the wild. This development complemented a
growing need for the Northern Territory o
develop sources of primary production that were
well suited to the “wet-dry” tropics, and was con-
sistent with the crocodile farming programme
already initiated. Research into a sustainable
harvest programme was initiated for both species.

DISTRIBUTION AND HABITATS

When assessing the distribution and abundance of
both species of crocodile within the Northern Terri-
tory, it is important 1o recognize that we are dealing
with a land mass that is essentially arid. Permanent
wetlands are scarce relative to those in countries
such as Papua New Guinea, the southern US. and
Venezuela, and our crocodilian populations in the
wild will never be as large as in those countries. Asin
the Venezuelan Llanos, crocodile habitats in the
Northern Territory are dominated by a “wet-dry”
scason dichotomy which is superimposed on a
“warm-cool” temperature regime. In terms of
crocodile hiology, this gives three significant
seasons (Table 1) which can be referred 1o generally
as “wet-warm”, “dry-cool” and “dry-warm” (Webb
1986).

Table 1. Meteorological dara from Middle Point, 30 km south-cast
of Darwin (over 15 years).

Relative

Month Temperature (°C) Rainfall Humidity

Daily  Daity Mean  Nooof 9am.

max. min. 9am. (mm) raindays (%)
Jan. 328 239 76 323 20 B4
keh. 317 239 268 281 20 87
Mar. 319 237 270 262 18 85
April 330 221 268 7 7 i
bay 320 194 248 24 3 71
June 211 170 228 4 0 67
July 309 151 213 0 0 61
Aug, 330 177 243 1 4} 67
Sept. 347 203 269 10 2 65 7
OcL 355 229 285 34 6 68
Now. 355 238 291 116 12 70
Dec. 337 239 282 245 16 7

F

The wet season rains usually begin in November,
when ambient temperatures are high. The peak of
rainfall, with widespread flooding of low-lying areas,
i in January- February. Rains usually abare in March-
April and thus the period November to April is
usually considered the wet season. As ambient temp-
eratures arc high during most of this period, we can
refer to it as a “wet-warm” season. From April-May
through to the start of August, rains cease and
ambient conditions are appreciably cooler than
cither before or later (Table 1); this can be con-
sidered a “dry-cool” season. During and after August,
ambient temperatures steadily increase, although
there is litle if any rain until November. This period
can be referred to as the “dry-warm” seasen, and as
wetlands are steadily receding, it is a period of
maximum concentration of crocodiles.

The general distributions of €. porosies and C
Johnsioni within the Northern Territory are shown
on Figure 1, and the types of wetlands they occupy
are diagramatically represented in Figure 2.

The majority of €. porosies oceur in tidal rivers (B,
C, D on Fig. 2), coastal floedplain channels, billa-
bongs and swamps (F, F, G respectively on Fig. 2), or
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C FOROSUS

A

Q

- = Acschemalic representation of Northern Tersitory wetlands
coupied by crocodiles, Do mark elevated lund und
cross-hatched areas are Mreshwater swamplands, A, fresh
water billubemgs behind beachlines, B, a tdal river
penetrating into elevated Lnd: C. o ddal river meandering
cver a floodplain: 12, remnan of @ meandering tidal river
which has becormne silied: E. ddal Hoodplain ereelowith ne
rreshwater input during the dne season: T, isolared lood
plain bilkabongs; G, spring-fed freshwater swamp adjacent
ro b tidal river; Hoisolated sections of an old meandering
rivier i longer open w the sea arcd comaining lreshwarer
and often floating rafts of vegetatdon: 1non-tdal upper
reaches af a river draining rocky escarpment: [, a scason
Al lowing mainsiream channel which has numerous
treshwater billuhongs associared with i

~2 40 A meandering tdal river bordered with mangroves and
floodpiain grasses (Adelaide River, N.T. )

arednsilted river channels (H on Fig. 2) which were
nce meandering tidal rivers, but which now con-
—un fresh water. In waterwavs under tidal influence
B, C. D on Fig. 2) the banks are muddy and lined
with mangrove or flondplain sedges and grasses
Fig, 3). Where tidal rivers terminate in elevated

land (B on Fig. 2) or are isolated branches of a

mainstream (E, I' on Fig. 2) continual evaporation
during the dry season can resull in salinities up to
T0%o (sed warer is usually about 32%.). In contrast,
the salinity within long meandering mainstream
channels (C on Fig. 2: Fig. 3) usually decreases with
increasing distance upstream because there is an
upstream input of fresh water for at least part of the
dry season. Nevertheless, a salt wedge moves pro-
gressively upstream [rom the coast, increasing
salinities as the drv season progresses (Messel et al.
1981h).

Fig 4 Crocodvins porosis nest in a freshwater swamp draining
e a Hcdad river CAdelaide River, N.T.0

Where permanent springs are associated wirh
elevated land beside tdal rivers (G on Fig. 2) there
are often isolated parches of freshwater swamp,
which are favoured sites tor € porosies nesting (Fig,
4). These sites are not subject o inundation by saline
water during spring tides and tend to be above the
general level of flooding on the adjacent plains.

Fig 3. Floaing rafts of vegetation covering one arm of 4 fresh
water billabong, Crocodifies porosis nest on these afts
(Finniss River, N.T. 0L
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Where a4 meandering tidal river has silted. there
tpically remains a short tidal segment (D on Fig, 2)
and a series of isolated non-tidal billabongs (1T on
Fig. 2)which in reality are the separarcd meanders of
an original ridal river (C on Fig. 2). These contain
fresh water throughout the vear although it does not
usually flow during the drv season. Where un-
disturbed by feral and domestic stock, extensive
floating rafts of vegetation mav extend from the
shoreline out over the water (Fig, 3). These rafts are
important C. porosas nesting sires.

Hg. 6. The upstream, freshwater reaches of most Norchern Terri-
tory rivers contain  exclusively Crocodyfis jobrstoni
(Mann River, NT. ),

‘The wetlands upstream of those described above
are occupied mainly by € jolwistorni. They contain
non-tidal fresh water which mav or may not flow
during the dry season. Upstream river channels may
be situated in rocky escarpments or platcaus (T on
Fig. 2; Fig. 6), or they mav traverse floodplains (J on
Fig. 2). In ¢cither case, secondary creek lines contract
into isolated permanent and semi-permanent hilla-
bongs where C. jobnsioni congregate in the dry
season, Substrates vary but are rypically sand rather
than the mud of tidal downstream areas, During the
wet scason there is widespread flooding of these
upstream habitats and particularly high water levels
occur where rivers pass through rocky gorges.

As indicated on Figure 2, the disuibution of €
Jobnstoni and C. porosus overlap in many river
systems, giving recognizable zones of sympatry. Tn
addition, individuals of one species are sometimes
found in areas dominated by the other, either well
upstream or downstream of the sympatric zone,
Recent evidence (Webb ef arf. 1983g) suggests that C,
Jobnstoni may be excluded from downstream arcas
as numbers of the larger and more recently pro-
tected C porosus increase,

ABUNDANCE

The density of €. porosus varies greatly berwveen
different habirats. some of which are relatively “casy”
to survey from boats or helicopters and some of

which are extremely difficult wo survey. Crocodyius
porosus reach their highest densities in vegerated
floodplain billabongs and swamps. Densitics of up
10 35 C porosus per kilometre of channel have been
recorded from spotlight counts and the mean value
from some 135 kilometres of channel examined was
36 crocodiles sighred per kilometre (Webb e af
1984b), Given that the vegetation in such swamps
shields many crocodiles from the spotlight, the real
densities  are  appreciably greater  than  those
recorded.

I tidal channels, a much higher proportion of the
total population of €, porosus are seen during spot-
light survevs. However, densities both within and
between rivers depend partly on proximity to
successiul nesting areas, In tidal channels associated
with successful nesting areas some 3.2 crocodiles
were sighted per kilomerre of channel, whereas in
those with minimal or no associated breeding arcas
0.7 were sighted per kilometre (Webb et erd. 1984h).

To obtain an estimate for the wal ¢ porosus
population, the amount of habitat available was
quantified  approximately, multiplicd by the
densities sighted in samples of those habitats
surveved and then multiplicd again by size-specific
corrections hberween relatve and absolute densities
derived in tidal arcas (Bavliss et af. 1986). Avery con-
servative nuinimum estimate was 30,000 individuals
and the real populaton is thought to be at least
40,000 and up to 50,000 (Webb ef al. 1984b).

With C jobnstond, absolute densities are equally
variable between different habitars, In rocky Arnhem
Land plateau channels (Fig. 6), densitdes are about 5
to 15 per kilometre where there is permanent water
(Webb 1985). In floodplain areas such as the
McKinlay River, C. jolrstoni congregate in the deep
billubongs that will contain water throughour the drv
scason (Webb ef af. 1983f) and densities can be very
high in short “lengths” of pool; for example one
hundred animals caught in a pool seventy ‘metres
long. In larger river channels, such as the Daly, Mary,
Victoria and Baines, mean spotlight count relative
densities range from 15 to 25 per kilometre, We have
not quantitied the availability of €. jofwstons habitat
in a form similar o that done for C porosus, but on
the basis of some crude estimates place the current
population within the range of 30,000 1o 60,000
individuals,

ECOLOGY AND POPULATION DYNAMICS

Although a substantial amount of information on
the ccology of both €. jobnstord and ¢ porosus is
now available, we here review only those aspects
that arc fundamental o assessment of population
dynamics, and which accordingly have direct appli-
cation (o the management of both specics.
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Reproduction
Information on C jobrstond reproduction is in
—ompton (1981, Smith and Webb (1983), Webband
~mitl (1984) and Webh ef af. (1983d), Information
n ¢ porosus reproduction within Australia is in
Magnusson (1979a-¢, 1980ab, 1981, 1982). Magnus-
<on and Tavlor (1980. 1981), Magnusson el caf.
1978ab), Messel er al (1981h) and Webb ef df.
1977, 1983¢,h, 1984a,b).

Crocodylius jobnstond

Within the McKinlav River area, females marure at
“+-78 cm snout-vent length (SVL) and 11-14 vears of
dge; males mature at about 87 cm SVL and 16-17
vedrs of age. Reproductive senescence appears 1o be
dbout 40-43 vears of age and there are probably a fow
vedrs between senescence and death, In an average
vear, dan estimared 84% of females greater than 11
vears of age and 8% of females less than 11 vears of
age will nest. However, total nesting efforr was
recluced by about 30%, and the dme of nesting
delaved by two weeks in a vear in which the previous
wet season was particularly late and dry scason con-
ditions were unusually conl (1983,

fig A Crocodylns fobrsroni nest excavated by another nesting
lennale.

Nesting is a dry scason activine and usually occurs
in August-September. Maling appears to Occur some
<ix weeks priorto nesting. Crocody s jolbnstoni isa
hole-nesting  species and can be considered  a
pulse” nester; all females nest in a conuacted
period of abourt three weeks. Females Lav their eggs
in sand or other friable substrates close to water and
npicallv excavare down to a distinct moisture band
into which the eggs are deposited. Large females
with bigger clurches of large eges tend to nest before
small females, which have smaller clutches of small
cogs, Mean clutch size is 13 eggs, mean egg weiglit
08 g and mean harchling weight 42 g

Incubation tmes vary berween about 65 and 95
davs, although most are berseen 735 and 85 days.
Females do not atrtend their nests during this period
and do not appear 1o defend them against predators,
Around late October, females show renewed activite
on the nesting banks which coincides with imminent
hatching. They excavate nests from which voung are
calling but ignore sites with dead eggs, or where
eges have been taken by predarors. At least some
females carry their harchlings to the water, and 0.4%
of a large sumple of hatchlings examined (N = 4573)
had punciure marks auributed 1o this behaviour (un-
published dara). Harchlings congregate in creches
among fallen trees or semi-cmergent vegetation,
and adult females often remain with them. On
occasion these females will threaren investigators
interfering with the hatchlings.

This pattern of nesting shows slight geographic
variation, Nesting tends o be slightly later in the
Victoria and Roper River regions and female and
clutch sizes appear t bhe smaller there than
elsewhere. In the McKinlay River area friable sand
banks are often restricted o small patches associated
with any particular pool and nests are often made
next to each other. This same “colonial” nesting
oceurs in other areas, but where there are extensive
sand banks, nests are usually well separated from
each other.

2. Crocodyius porosus

Females can mature when about 105 cm SVL, but
most are about 120 cm SVLE and about 12 vears of age.
Males mature at about 165 cm SVL and 16 vears of
age. Age ar reproducrive  sencscence  and  the
maximum age are unknowrn, although one large
male had bone rings indicating 65+ vears of age (un-
published data). The proportion of mature females
that nest each vear is unknown, bur circumstantial
evidence indicates it is probably 80-90%. Tlowever,
nesting effort wus reduced by 30 10 30% ina vear in
which wet scason rains were delaved until February
(1982/83 wet season ).

Nesting is a wet season activity, Courtship and
mating accur 4-6 weeks before nesting and may con-
tinue throughout the wet season. Females nopically
select nest sites in areas of wll vegeration (21 m)
close o permanent warer and build a large mound
into which the eggs are deposited. Egg- laving begins
in November, reaches u peak in JanuanvTebruary
andd mayv continue until May, Circumstantial evi-
dence indicates that a small proportion of females
may nest twice in a wet season, Mean clutch size is 52
eggs, mean egg weight 113 g and meun harchling
weight 72 g.

Incubation times varv berween about 63 and 114
days, bur most take 85 o 95 davs. Temales usually
attend their nests during this period and will often
defend the nest against potential predators. In
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Popudation Dyramics
L. Crocodyiis jobrstori

The population dynamics of ¢ jobustoni are
characterized by low egg and hatchling survivorship,
with less than 5% of eggs laid being represented by
one year olds a year later (Smith and Webb 1985,
Webb and Smith 1984). In conirast, survivorship
among subadults is reasonably high, with about 85%
of vear classes between one and ten being rep-
resented in the population a vear later. The annual
rate of increase of the population is about 1.5% per
vear and there is a steady wrend towards increasing
proportions of adults; the annual rate of increase of
adult females is 3.1% per year (Smith and Webb
1985). The populdtion age structure is not stable,
even though hunting ceased 20 vears ago.

2 Crocodylus porosus

The population dynamics of C. porosus are charac-
wrized by low egg survivorship (25%) but greater
hutchling survivorship than €. jobristoni. About 14%
of egas laid can be expected 1o be represented by
ane yedr old survivors in the population a vear later.
survivorship among subadults is lower than in ¢
robmstorti and appears to range between 60% and
0% for the first few yvears; it also appears 1o be a
runction of the nurnber of larger crocodiles in the
population, In a sample of river populations first
surveved in 1975-78 and resurveved in 1984 {Webb
et al. 1984h), the mean annual rate of population
increase was 2-3%. However, the rate of increase of
animals less than 2 m long was marginal, whereas
that of animals greater than 2 m long was about 10%
per vear. The population age structure is unstable
after 13 years of protection.

THE MANAGEMENT FRAMEWQORK

Legisiation

Within the Northern Territory, C. jobnstoni and C.
porosus are both protected under the Yerritory
Parks and Wildlife Cornservation Act, which was
assented to on 1 April 1980. The Act prohibits the
killing of both species and makes it an offence to
possess the animals or parts of them withour an
appropriate permit. The maximum penalry is $2000
and/or six months imprisenment, with an additional
fine of up to $100 per animal or part thereof involved
in the offence.

Export from Australia of C. jobrstoni and C. porosiss,
or parts of them, is prohibited under the Federal
Wildlife Protection (Regulation of Exports and
fmports) Act 1982, which came into effect in May 1984,
The Act is the enabling legislation for Australia’s
commitments under the Convention on International
Trade in Endangered Species of Wild Fauna and
Flara (CITES ) und contains provision for the Federal
Minister to approve the export of products derived
from management plans also approved by him.

Crocadylus jobnstoni is listed on Appendix 1f of
CITES. Crocodylus porosus was on Appendix 11, but
it was moved to Appendix T (1979), and the Austra-
lian population has now been moved back to Appen-
dix 11 (1985).

National Parks and Protected Areas

The existing National Parks and Wildlife
Sanctuaries (Fig. 9) include the Alligator Rivers
region, which containg the largest known popula-
tion of C. porosus in Australia, and a significant but
unsurveyed population of €. jobnistoni. A major part
of the range of both species lies within Aboriginal
Lands, which are equated with Category VII of the
TUJCN List of National Parks and Protected Areas. In
these areas access to non-Aboriginal people is by
permit only and activities likely to affect habitats, or
which would be detrimental to the long-term con-
servation of crocodiles, are controlled by the local
communities.

Fig 9 The distribution of crocodiles in the Nonthern Territory
relative to National Parks (black) and Aboriginal Lands
{hatched ),

Problem Animals

Problem animals are broadly defined as those
within settled areas or areas of priority recreational
use, wherte it is considered that public safety is com-
promised by having C. porosus present. Decisions
on problem animals are made case by case by the
Conservation Commission of the Northern Terri-
tory. Crocodylus jobmstoni have been considered
problem animals on the few occasions that they have
ventured into areas where C. porosus are considered
a problem. It is often difficult to identify species and
the presence of any crocodile in seme areas con-
stitutes a problern.

Every effort is made to capture problem animals
alive and relocate them to crocodile farms. This
policy was adopted in preference to destroving them
because it was consistent with the central theme of
the education programme; “Living with Crocodiles™
Animals relocated in the wild have demonstrated a
homing ability (Fig. 11).
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Feral stock, especially buffalo (Fig. 13), have had a
significant impact on the quality of wetland habitats
within some parts of the Northern Territory (Letts et
cf 1979, Fogarty 1982; Hill and Webb 1982} The
major areas of concern are a reduction of nesting
habteat for both €. jobnstoni and €. porosus, and the
general effects of wetland degradation (increased
drainage, reduction in aquatic vegetation, siltation).
The extent to which these changes have influenced
recovery is unclear, as the most affected areas are
also those with some of the highest populations of
both species. An eradication programme for wild
buffala herds throughout the Northern Territory is
underway (for bovine disease control ). Experiments
being conducted in the Alligator Rivers area by
CSIRO indicate that habitat rehabilitation occurs
remarkably quickly after buffalo have been elimi-
nated, even though they may have been present in
high densities, for long periods of time,

Pubiic Education

Educating the public about crocodiles, and gain-
ing public support for crocodile conservation within
the Northern Territory, have both been major
management aims. As the populations of C porosus
began o recover, it was considered important that
the public be fully informed about what was happen-
ing, why it was happening and what the future held.
This programme is discussed more fully by Harry
Butler (Chaprer 22) but includes: encouragement of
media coverage of crocodiles; talk-back pro-
gramimes on radio; school talks by Wildlife Rangers,
often with young crocodiles for children to see and
touch; brochures, a “no-swimming™ sign featuring a
crocodile, which is placed ar creele crossings and
billabongs where it is considered unwise to swim
Lthe same sign is available for purchase, and a replica
of it was produced as a “sticker™ that could be widely
and cheaply distributed); crocodile posters; and, a
elevision commercial which “sells” crocodiles as an
important part of Northern Territory life and an asset
to the tourist industry, while reminding people that
saltwarer crocodiles dare dangerous and swimming
should be restricted o safe areas.

Aboriginal Attitudes to Crocodile Management

Within the Northern Territory, the attitudes of
Aboriginal people to crocodile conservation and
managemeng vary in different regions. In some arcas
crocodiles are regarded as pests and threats to
public safety, and the Conservation Commission
receives numerous requests o kill or remove
animals from Aboriginal lands. In other areas,
crocodiles have totemic significance to specific
groups of people, and disturbance of animals,
particularly large ones, is viewed with concern.
Artitucles to the commercial utilization of crocodiles
are cqually diverse. Aboriginals in many areas

hunted crocadiles commercially during the 1945 to
1971 period, and soon after protection some
Aboriginal groups expressed an interest in re-
establishing a commercial crocodile industry in one
form or another.

As the attitudes of the majority of Aboriginals have
not been sought, no plans for the commercial utiliza-
tion of either species of crocodile on Aboriginal
lands have been made. An active working group on
crocodile  management  has  been  established
between the Conservation Commission and both the
Tiwi and Northern Land Councils to investigate
generally the direction Aboriginal people would
prefer to follow,

UTILIZATION

Although programmes are underway to utilize
both € jfobrstord and C. porosus, they are still in the
development phase. No products have yet been sold
and with €. porosus a change in the CITES classifica-
tion was an essential prerequisite 1o developing a
harvest strategy. At this stage, the proposed utiliza-
tion with both species involves raising animals
within crocodile farms, although in the longer term
other options may be pursued.

Crocoddife Farims

Three: crocodile farms have been established in
the Northern Territory. Two of these are privately

financed  with additional funding through the |

Development Corporation (NTDC; low interest
loans and repayment schedules which allow for cash
flow delays inherent in establishing a primary indus-
try). The third is integrated with a sound pastoral
enterprise and utilizes land, equipment and capital
provided through it. Total capital investment in
Northern Territory crocodile farms to 1984 exceeds
AUS$1.80 million.

The first farm [Crocodile Farms (N.T.) Py,
Limited]| was started in 1980, and is the only farm
open for tourism. The farm is a mixed larming/
ranching venture. Both €. porosis and C. jobnstoni
are now breeding in captivity and animals harched
from these eggs are being raised on the farm. In
addition, the farm is given permits for the collection
of up to 2000 € jobnstarni hatchlings per year from
the Daly River region. A small proportion of these
are collected as eggs.

The sccond farm [Janamba Crocodite Farm Pry.
Limited] was established in 1982 and was primarily a
ranching venture buased on raising ¢ jobrstons
hatchlings collected from the wild in the Victoria
River region. A small nucleus of C. porosus breeding
stock is gradually being obtained from problem
animais. In the future these will supply a significant
number of farm bred animals for raising, On an
experimental basis, some C. porosus hatched from
wild caught eggs are being raised. The farm’s future
direction is currently under review.
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The third farm [[etaba Crocodile Farm| was also
established in 1982 and is an exclusively ranching
venture, with bolth C jobnstoni and € porosis.
Crovodylus jobnistoni eggs are collected within parts
ofthe Finniss and Reynolds Rivers that are located on
the cattle station on which the farm is sirated. Addi-
tional €. jobrstoni hatchlings are collected from
parts of the Victoria River system. On a trial basis, C.
porosus eggs have been collected from tood prone
nesting sites within the catle station, on the con-
ditien that attempts be made to control the feral
buffalo around the floating vegetation rafts on which
the crocodiles nest. The numbers of crocodiles
housed on the three farms as of 30 June 1985 is in
Table 2.

Table 2. Crocodiles held on Northern Territory crocodile farms as
of 30 June, 1985,

Farm C jobnstont  C porosts . Totals
Crocodile Farms (N T.} 3257 1484 4741
Janamba 1929 913 2842
Letaba 2700 452 3152
Totals 7886 2849 10,735

Captive breeding is now well established, and 19
C. porosus nests and 14 C jobnstoni nests were laid
in captivity during the 1983/84 wet season and 1984
dry seasons respectively. All farms are equipped
with incubation faciliies and have now gained
sufficient expericnce t© masimize  incubation
success. From fresh clutches of fertile eggs, over
90% hatching success is achieved, although overall
success rates vary between different batches of eggs.

Initial efforts at raising were confounded by a
number of unforseen problems, but the majority of
these have been solved satisfactorily. As a con-
sequence, raising success has been greatly improved
and with a planned injection of research support
over the next five years is expected to continue in
that direction. The major problems which havebeen
encountered to date are:

1. Atone farm, a fungal infection causing severe skin
lesions and increased mortality of C jobnstoni
hatchlings occurred in two consecutive years.
The pathogen proved difficult to control within
the low-cost low-maintenance pens, and these
pens are now being overhauled 1o remove carth-
ern banks and increase waier flow. The disease
has not appeared at the other two farms, even
though when it was thougit the disease was con-
trolled, some animals were transferred from the
infected fiarm to one of the others,

o

Predation by birds and the escape of juveniles
from the more open style of pen have both
resulted in significant losses. These problems
have been largely overcome by using wire netting
to enclose the pens containing young animals,

3. Failure of hatchlings to begin fecding on dead
food was an initial problem with €. jobnistord and
C. porosus harchlings. It was largely overcome by
changing the pen design to give more cover,
generally restricting disturbance to hatchlings,
and supplying heat during the “conl-dry” season.
‘The problem is confounded by a geographic
trend; hatchlings from some areas appear (o start
feeding readilv whereas those from other areas
are more difficult to get feeding,

{tilization of Crocodylus johnstoni
1. Background

Fgg and hatchling merntality in . jobrstont are
both substantial, and thus the effects of removing a
large proportion of cither eggs or hatchlings could
be expected to be minor relative to a harvest of
adults or subadults, When population dynamics
were simulated with a deterministic model {Smith
and Webb 1985), the results indicated that the popu-
tation could be harvested without alfecting the
population size or recovery rate if 2.6% of eggs
collected or 8.7% of hachlings collected were
returned to the wild after being raised to two vears of
age. These predictions did not account for any com-
pensatory mechanisms that may operate on hatch-
ling survival, and were of course taken as a broad
“guide” to what could be expected. Field tesis indi-
cated no significant dilference in survivorship in the
{icld berween wild and released, raised animals of
the same age (Smith and Webb 1985}

2, Field Trials

Numerous field trials have now been carried out
with egg and hatchling harvests, and the strategy
currently being emploved combines both
approaches. Because of the contracted dry season
laying period of C. jfobnstoni, an egg harvest has a
number of advantages over a hatchling harvest: the
period of cgg-laying is about three weeks in duration
whereas that of hatching is nearer six weeks, the
mortality which occurs in the egg stage can be
largely avoided, increasing the harvest from anv
given ared, the number of eggs available for
collection is more predictable than the number of
hatchlings because variation in incubation success is
negated; the harvest can be carried out in the dry
season, when access (© C. jobrstoni habitats is not
affected by wer conditions; and, incubation con-
ditions can be controlled to produce hatchlings of
known sex and known size (relative to egg size).

tlowever, hatchling harvests have a2 number of
advantages over egg harvests: eggs are more fragile
than hatchlings; eggs must be incubated through o
hatching; a proportion of cggs are damaged when
locating them; a4 concentrated effort is needed to
collect eggs within the first day or two after laying;
and, perhaps most important, nests are difticult o
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farm carries out a major egy harvest, which requires
a concentrated eftort by two people for two to three
weeks. Routine checks are made when the females
begin to make trial nests, and when the first eggs arc
laid the nesting banks are parrolled cach day or two
dlays. The fresh tracks of nesting females often allow
the approximate site of the nest to be located rapidly,
and the exact position of the clutch (which is rela-
tively small compared 10 the clutch of larger hole-
nesting crocodiles such as Crocodyius niloticus) is
located by gently probing the sand with 4 spring
steel rod, 3 mm in diamerer and 1 m long.

The upper surface of cach egg is marked with a telt
pen and the eggs are remaoved and packed horizon-
tally in small polystyrene boxes filled with nest sand.
After ransportation back to the incubators cggs are
repacked and incubated in a hovizontal position, All
incubarion is carried cut with the eggs positioned on
racks. They are incubated within waterjacketed
incubators, or in one case in a closed wooden field
incubator constructed so that warm spring water
flows continually through it. The optimal incubation
temperatures are about 31-32°C.

About half way through incubation, after the
opaque band has started spreading to both ends of
the egg, all eggs are checked. Any that appear notto
he developing are opened and the dead embryos
examined. The results of the 1984 egg harvest are in
Table 3.

Table 3. The success rates for three bawches of Crocodyites
Jobustemii eggs incubated during the 1984 season. Wild
collecued eggs were either collected within 0-7 days of laying
(fresh), or after the majority of clutches had been Taid {ald)

wild Wild Capnive

fresh oled fresh
Total number located 1873 318 150
Frobed 41 15 u]
Obviously dead at collection 3 20 0
Infertile 50 o3 30
Possibiv viable cggs 1779 218 120
[Matched 1623 179 105
% of viable eggs hatched a1 82 88

Table 4. Numbers of Crocodylis jobmstoni eggs and hatchlings
collected from the wild by crocodile farms.

Yeur Hatchlings Fig Tonal
1982 4573 { 3373
1983 2204 1563 3532
1984 1953 2191 4144
Tustals H795 3754 12,549

5. The Extent und Impact of the Harvests

The numbers of hatchlings and eggs collected up
to 1984 arc in Table 4. During the first trial harvest,
onlythree areas were surveyved both before and after
the harvest (Table 5); the two counts vielded an over-
all decrease of 44 animals after a total harvest of 310
hatchlings. In the second harvest, different areas

were surveved before and after collection and these
included areus from which 78% of the harvest was
taken. The resuls showed a decrease of 230 animals
sighted following a total harvest of 2971 eggs and
hatchlings. This decrease was almost entirely arrib-
uted to the Finniss-Reynolds River area where 304
animals sighted in 1983 was reduced to 108 sighted
in 1984, Water levels were high during the resurvey.
In fact, 150 nests were subsequerntly collected from
the arca where 108 crocodiles were sighted in 1984!

Table 5. Numbers of Crocodylus jobvstori counted before and
after ege and hatchling hacvests in selected monitoring
areas. A reduced and slightly different avea was surveyed
before and after the first harvest (1982). The decrease in
198384 reflects mainly a drop of 196 animals in two areas
resurveyed when water levels were high (see tex),

Yeur Nuriber Fggsand Number
sighted Hartchlings sightexl
heltre Harvested {following vear

198283 581 310 337

105384 2282 2971 2052

These results are very much preliminary and addi-
tional data are clearly required. Nevertheless, they
do indicate that no catastrophic change in numbers
is vccurring as a result of the harvests. In overview,
some 8813 hatchlings and 3754 eggs have been
removed over three vears from areas where spot-
light counts vield around 3000 animals sighted.

Utilization of Crocodylus porosus
1. Background

11p to 1984 the Australian population of € porosus
was on Appendix Tof CITES, however itis now (since
1985) on Appendix L, which allows “ranching™. The
programme proposed for C. porosus is similar to
that implemented with € jobnstond in its underlying
strategy, but methods will differ. Bt should be
emphasized that only a broad approach to the prob-
lem of how to implement an ¢gg harvest programme
with €. porosues has been formulated, as the rescarch
needed o work out the details and study nesting
from the point of view of harvesting eggs could not
be justified until the Appendix I categorization was
in place.

Crocodylus porosus egg mortality is similar to that
of € jobnstons at around 75%, but hatchling mor-
tality, in ridal areas at least, is appreciably lcss.
Whereas approximately 12% of successtully hatched
C jobnstoni eggs could be expected o survive o
juveniles of one vear of age, about 54% of hatched €
porosus eggs could be expected to survive to one
vedr of age. Accordingly, the impact (if any) of an egg
harvest on the population should be less than that of
a hatchling harvest.

Crocodylus porosus nest over an extended period
(November to May) and hatch over an even greater
period (February to September). Nests tend o be
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4. “Problem” C. porosus and a Trial Harvest of
Juveniles

Many of the problem animals captured and placed
in the farms have been subadult males, which are not
required for captive breeding programmes. Up to
100 of these animals will be made available for com-
mercial utilization per year.

A trial harvest of subadults (up to 200 individuals},
may be conducted to quantify the impact of such a
harvest on wild populations. The data available at
present indicate that 2 very high proportion of sub-
adults die in the field and it is possible that this type
of harvest may be both biotogically sound and
economically feasible in the future.

Supervision

All collecting ofboth species of crocodile from the
wild has been carried out under the supervision of
Conservation Commission Rangers. When the pro-
gramme reaches the stage of exporting skins,
specific permits will be issued for the number of
animals being killed and each skin will be tagged
with a non-reuseable tag (Webb et af. 1984b).

CONCLUSIONS

Management programmes for crocodiles in the
Northern Territory have developed gradually over
the last decade. There was an initial research effort
directed at obtaining basic biological data from the
wild populations, and with these data as a starting
point, attention was given to harvest programmes
designed to achieve a sustainable yield.

The programmes involve ranching, with eggs or
hatchlings being collected from the wild and sub-
sequently raised in crocodile farms. Harvested
populations are monitored annually and if
necessary, can be restocked with a proportion of the
animals collected.

The programmes are broadly aimed at making
both species of crocodile and their habitats “import-
ant”, while establishing a small but viable industry
based on the maintenance of wetlands in their
natural scate,
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