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ABSTRA~T.

This study was undertaken to quantify the ecological impacts of marine turtle nest depredation by
feral pigs on the west coast of Cape York Peninsula, to investigate seasonal patterns and
characteristics of feral pig nest depredation activity in a marine turtle nesting habitat and to
quantify nest depredation impacts from other feral and native vertebrate species. The sur\Tey was
undertaken on 42kms of beach north-west of Weipa, previously identified as breeding habitat for

Natator depressus and Lepidochelys olivacea. Weekly surveys were undertaken over a 12 month
period beginning in May 2004.
Two hundred and fifty four marine turtle nests were surveyed, and the results indicated that feral
pig nest depredation activity resulted in 70.47% (n = 179) of all nests being destroyed within 10
weeks after initial oviposition, with dingo nest depredation rates recorded at 5.51% (n = 14),
goannas at 2.36% (n = 6), and nest depredation from human egg harvesting activity at 2.36% (n =
6). Feral pigs started depredating both N. depressus and L. olivacea nests as soon as the breeding
seasons commenced. Frequency of feral pig nest depredation increased in response to increases in
nest laying. Both turtle species recorded the highest nest depredation rates from feral pigs in the
first week after oviposition, with a marked decline in subsequent weeks. There .was a direct
correlation between the density of both N. depressus and L. olivacea nesting and feral pig nest
depredation activity. Statistical analysis indicated that feral pigs display: no significant preference
· between N. depressus and L. olivacea nests; no significant preference for nest sites located on open
beach for either species; and no significant preference between nests of either species during the
first week after oviposition.
The study concludes that the ecological impacts of egg loss resulting from feral pig nest depredation
in this particular breeding habitat are substantial, and proposes that if this level of nest depredation
was being replicated in other marine turtle nesting beaches in northern Australia then the long-term
sustainability of these breeding cohorts are extremely tenuous. Recommendations are made for
further research to develop effective target-specific management programmes, especially suited for
implementation in protected areas, which will eliminate the specific feral pigs responsible for nest
depredation in marine turtle breeding habitats.
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1. INTRODUCTION.

Six of the world's seven species of marine turtle are found in Australian waters, representing
Cheloniidae and Dermochelidae families (Dobbs 2001); Five ofthe six species ofCheloniid turtles
occur in Australia: Caretta caretta (loggerhead turtle); Chelonia mydas (green turtle); Eretmochelys
imbricata (hawksbill turtle); Lepidochelys olivacea (olive ridley turtle); and Natator depressus

(flatback turtle). The genus Natator is restricted to the tropical areas of the continental shelf of
Australia, southern Irian Jaya and southern Papua New Guinea. The remaining species have a
worldwide distribution in tropical and temperate seas. The family Dermochelyidae is represented by
a single extant species, Dermochelys coriacea (leatherback turtle). This species has a global
distribution in tropical and temperate seas (Environment Australia 2003).

In Australia the hard-shelled Cheloniid species of marine turtles Js largely found)ri the tropical and
subtropical waters ofWestern Australia, the Northern Territory and Queenslan'd. Dermochelys
while occasionally seen in tropical seas, is typically recorded in Australian temperate waters
(Meylan & Meylan 1999).
The conservation status of marine turtles varies between countries but is generally considered to be
declining globally, despite successful conservation efforts in many countries, including Australia
(Environment Australia 2003).
1.1 Conservation status of marine turtles.

At the international level, Australia participates in several conservation initiatives that are designed
to protect marine turtles, including the Convention on Biological Diversity, the Convention on
International Trade in Endangered Species ofWild Fauna and Flora (CITES), and the Convention
on the Conservation ofMigratory Species of Wild Animals (CMS), also known as the Bonn

Convention. The World Conservation Union (IDCN), in its Red List Categories determines the
status of marine turtles globally. Marine turtle vulnerability is also recognised by their listing under
the CMS, and CITES (Environment Australia 2003; Dobbs 2001 ). The conservation status of each
marine turtle species is presented in Table 1..
The Environment Protection and Biodiversity Conse~ation Act 1999 (EPBC Act) is the primary
conservation legislation applicable to marine turtles in Australia. An objective ofthe EPBC Act is
John Dolle!ly. Master of Tropical Envlronmetal MonagiiiiiOIII. • Thoals Charta. Daowln Unlvetolty
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'to provide for the protection of the environment, especially those aspects of the environment that
are matters of national environmental significance'. The Commonwealth marine environment, world
heritage areas, nationally threatened species, and migratory species protected under international
agreements are considered to be matters of national environmental significance. Another object of
the EPBC Act is to 'promote the conservation· of biodiversity'. All species of marine turtle are
nationally listed as threatened species and are scheduled under conventions protecting migratory
species (including the Bonn Convention), thus receiving additional protection under the
corresponding provisions of the Act (Dobbs 2001). Part 13, Division 1 provides for the listing of
species that are considered to be extinct, extinct in the wild, critically endangered, endangered,
vulnerable or conservation dependent (Environment Australia 2003). The status of marine turtle
species listed by the EPBC Act is presented in Table 2.
All marine turtles found in Australian waters are also· protected under State and Territory
legislation. However, some of the legislation allows use of turtles for permitted scientific research,
educational pursuits or traditional subsistence use by people ofAboriginal and Torres Strait Islander
descent (Environment Australia 2003). State and Territory legislation protecting marine turtles is
presented in Table 3.
Preliminary surveys have determined that two species of marine turtle, N depressus and L.
olivacea, have been detected nesting on the west coast of Cape York Peninsula (Limpus et al. 2000;
Limpus et al. 2004). Under the World Conservation Union (IUCN) Red List, the EPBC Act and the
Nature Conservation (Wildlife) Regulation 1994 (Queensland), N. depressus is listed as vulnerable
and L. olivacea is listed as endangered (Dobbs 2001; Limpus & Chatto 2004).
1.2 Biology of marine turtles.

There are major information gaps in most areas of marine turtles• life histories. Research difficulties
arise because marine turtles have particularly long life spans and generation periods. Populations
and individuals of most species range throughout much ofthe world (Parmenter 1994).
Furthermore, marine turtle biology is diffi~ult to study due to the fact that they spend large
proportions of their time under water and all but nesting females and hatchlings are relatively
inaccessible because they stay at sea. Absolute population sizes of marine turtles occurring in
Australian waters are unknown, although numbers breeding or foraging at particular sites have been
estimated for some species (Dobbs 2001).
The two marine turtle families, Cheloniidae and Dermochelyidae, share many common
morphological features and life history traits. They live almost their entire lives in the marine
environment but must surface to breathe. In common with all true turtles they lack teeth, their jaws
John Oohooty, Muter of Tropical Envlrooumelal ManiiiJWnont ·Theola Ch.rt.. Daowln Unlvonolty
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being covered by keratinised ~heathes. They have an a6ute sense of smell, but not of taste, and have
well-developed eyes with colour vision. Hearing is restricted to very low frequencies (Meylan &
Meylan 1999; Bustard 1972; LimpusJ997).
Both families of marine turtles found in Australian territorial waters also nest on Australian
beaches. They share many common behaviours, especially those involved in reproduction. For this
reason, methodologies for studying or managing marine turtles at the nesting beach are very similar
for all the species. Female marine turtles typically have an interval of one to several years between
reproductive seasons and will nest at approximately two week intervals throughout a breeding
season (Hamann et al. 2003; Limpus 1997; Hirth 1980).
Nesting behaviour of marine turtles is highly stereotypic across all species. Differences exist in
nesting habitat preference, nesting strategy (aggregated or solitary), age at first reproduction,
average clutch size, and details of the nest size and construction (Meylan & Meylan 1999; ·Hamann
et al. 2003). However, the nesting sequence is similar among all marine turtle species. The general

nesting sequence pattern is: (i) emerging from the surf and ascending the beach; (ii) excavating the
body-pit and egg chamber; (iii) oviposition; (iv) filling in the egg chamber and body-pit; and (v)
returning to the marine environment (Miller 1997). Females lay spherical eggs with flexible
calcareous shells containing an embryo developed to the gastrula stage (Meylan & Meylan 1999).
The egg chamber is approximately pear shaped unless conditions of the substrate force the
construction of a straight-walled or more open chamber. The eggs are completely buried in the
.sand, but are in contact with each other and interspaces of air in the egg chamber (Miller 1985). ·
Although it is not entirely clear why some beaches are used by marine turtles to deposit eggs and
others are not, a potential nesting beach must meet several minimum. requirements. It should be
easily accessible from the ocean, be high enough to avoid being inundated by high tides, have
sufficient sand cohesion to allow nest construction, allow gas exchange and provide incubation
temperatures conducive to egg development (Miller et al. 2003). Incubation success depends on a
· range of factors including salinity, humidity, temperature, gas flow, rainfall, tidal inundation,
erosion, and predation (Miller 1985; Meylan & Meylan 1999).
Nesting site selection should result in the eggs incubating in a low salinity, high humidity, wellventilated substrate that is not inundated for extended periods and provides a level.of insulation
from high beach surface temperatures whlle being in the temperature range that facilitates
development (Miller et al. 2003). Under ideal natal beach conditions, eggs incubate at temperatures
between 24° and 33°C (Miller 1997). Temperature influences incubation duration and the rate of
· development. Low temperature will increase the dttration of incubation and slow the tate of
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development, whereas high temperatures decrease the incubation duration and increase the
development rate (Miller 1982; Meylan & Meylan 1999). For example, incubation can last for 94
days at 23-25°C, and 47-49 days at 32°C (Miller 1985). With constant temperature incubation in the
26-32°C range, a change of 1oc increases or decreases the incubation period by about 5 days
(Mrosovsky & Yntema 1980). Temperature also influences the sexual differentiation of all marine
turtle species, with the sex of hatchlings being determined by the temperature ofthe nest during the
.

.

.

middle third of development (Miller 1997). Within the limits of embryonic tolerance, cooler
temperatures produce male hatchlings and warmer temperatures produce female hatchlings (Miller
1985).

After emergence from the egg, the hatchlings are confined to a subterranean chamber where their
carapaces flatten and yolks are resorbed. The climb to the surface takes from 3 to 7 days after
hatching. This period may be extended by compaction of the upper layers of sand from heavy rain
or trampling without causing severe mortality. Hatchlings typically emerge onto the beach surface
more then two days after hatching from their eggs (Miller 1985). The time between hatching and
emergence is probably a function of nest depth and sand compaction. Emergence usually occurs
during the early part of the night and is controlled, at least in part, by the difference in the sand
temperature experienced by the hatchlings as they approach the surface (Miller et al. 2003).
After emerging, the hatchlings orient and move towards the horizon's lowest light unless distracted ·
by other lights. Once in the water, hatchlings will swim at 90° to the wave fronts until clear of the
. inshore waters (Meylan & Meylan 1999). Generally, hatchlings from Australian beaches disappear
into oceanic currents where they will stay until large enough to recruit into developmental habitats.
They continue to feed and grow and may become distributed throughout the world's oceans. The
exception is N. depressus which spends most of its life within Australian continental waters
(Limpus 1997).
A marine turtle may take up to 30-50 years to reach sexual maturity (Limpus 1997). In a breeding
year a turtle migrates over long distances be:tween feeding and nesting grounds. During the nesting
season a female will not normally feed. until after the final clutch is laid and she begins the return
migration to the feeding grounds (Miller 1997). These life history characteristics make marine
turtles vulnerable to a range of influences that can affect the integrity of their populations in the
wild (Bustard 1972).
Population genetics analysis has shown that widely S]Jaced clusters of breeding aggregations are·
genetically discrete and that adults return to breed in the region of their birth (Bowen & Karl 1997).
Animals with these life history characteristics require high annual survivorship throughout all their
John Doherty.
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life history phases in order to maintain stable populations (Chaloupka 2002). As a result, marine
turtles are highly vulnerable to even small, long-term increases in mortality in any stage oftheir life
cycles from. any external sources (Limpus & Chatto 2004).

1.3 Natator depressus (flatback turtle).
Natator depressus is unlike other species of the world's marine turtles in that it has a relatively ·
limited distribution. While other species are essentially pan-tropical, N. depressus is effectively
endemic to Australia. It has not been recorded at any nesting sites outside of Australian territorial
waters and its feeding grounds are known to extend only as far as the Indonesian archipelago and
along the Papuan coast (Limpus et al. 1989; Parmenter 1994). The feeding grounds of N. depressus
are poorly described. Records rely mainly on trawling by..:catch data. This is largely due to its
cryptic lifestyle and apparent preference for benthic habitats that are primarily turbid or deep and
offshore. The deep water preferences exhibited by N. depressus have resulted in less being known
about its immature stages and growth rates than any other species in Queensland (Parmenter 1994).
Approximately two-thirds of the world's population of N. depressus breed and forage in northern
Australian waters ( Limpus eta/. 1989). Analysis of tissue samples from nesting N. depressus
confirms that there is no genetic difference between N. depressus populations from Exmouth Gulf
on the west coast, the Northern Territory ap.d Gulf of Carptnearia, through to Torres Strait in the
east (Moritz et al. 1998; Dobbs 2001; Dutton et al. 2002). However, there is a discrete population in
eastern central Queensland which represents a genetically distinct breeding cohort (Dutton et al.

2002, Limpus eta/. 1993).
For the northern Australian cohort, N. depressus nesting occurs ·on islands and mainland beaches
around the Northern Territory coast, extending west into Western Australia and across into
Queensland (Chatto 1998; Limpus & Chatto 2004). The largest breeding aggregation for the species
-fleS'ts-'On Crab Island and adjacent islands of western Torres Strait and the west coast of Cape York
Peninsula, north of Weipa (Limpus eta!. 1993, Sutherland & Sutherland 2003; Limpus eta!. 1983).

Natator depressus usually nests at night around high tide. However, daytime nesting may occur at
some rookeries, which may help N. depressus overcome offshore obstacles such as mud banks or
exposed reefs (Limpus et al. 1981). Natator depressus will crawl up the beach slowly, stoping
frequently for breath and orientation (Blamires et al. 2003; Limpus et al. 1981 ). If nesting is
abandoned a turtle may re-attempt to nest later the same night or on subsequent nights, with the
probability of nesting occurring at non-preferred sites increasing on each subsequent attempt (Miller

1997). Nesting is predominantly at the dune base. However, N. depressus has been observed nesting
high on the primary dune and beyond if it is accessible (Miller 1997; Blamires et al. 2003). The
John Dolo~!\'.

MaoterofTroplcal Envlronrnnet.l Manogement • Thtllo Charles Dorwln Unlverwh;y

Page 11

clutch incubation period in northern Australian waters averages around 56 days (depending on
temperature variations) and hatching success depends on the conditions at the particular nesting site
(Bel12005 pers. comm.). Natator depressus differs from other marine turtles in that it does not have
a pelagic post-hatchling phase. Rather, the post-hatchlings remain within pelagic habitats over the
continental shelf (Walker 1994, Limpus et al. 1994; Limpus & Chatto 2004).
1.4 Lepidochelys olivacea (olive ridley turtle).

Lepidochelys olivacea is widely distributed in the Indian and Pacific Oceans and is known for its

massive nesting aggregations of up to 150,000 turtles found in fudia, Mexico, Costa Rica and
Surinam. These aggregations have been extensively harvested and depleted and there has been
increased international pressure on the fudian and Mexican Governments to control exploitation of
this species (Harris 1994).
Lepidochelys olivacea is the smallest marine turtle found in the Indo-Pacific region with an average

weight of 40kg. It is estimated to be the most abundant marine turtle species globally but the least
abundant in Australian waters (Harris1994). The Australian nesting population is genetically
different to all international stocks tested (Dutton et al. 2002), and there is currently onlyone
genetically distinct stock of L. olivacea recognised for Australian waters(Limpus & Chatto 2004).
There have been no detailed studies of this species in Australia and little research data for
determining the stability of the L. olivacea population in Queensland (Dobbs 2001). Therefore, the
size of the annual nesting population is unclear. There is currently no indication that Australia has
the mass nesting aggregations (also known as 'aribaddas') that characterise this species in other
countries (Limpus & Chatto 2004).
Nesting records indicate that L. olivacea nests in low density in isolated areas throughout the Gulf
of Carpentaria and the Northern Territory. There are no records of nesting on the east coast of
Australia and on the islands in Torres Strait (Harris 1994). Available data indicates that annual
nesting populations are only in the order oflow thousands (Guinea et al. 1997; Guinea & Chatto ·
1992). Lepidochelys olivacea nests at low density on a number of mainland beaches and islands in .
the Northern Territory (Chatto 1998; Limpus & Chatto 2004). An additional nesting concentration
has recently been identified on the mainland coast of Cape York Penisula north from Weipa
(Limpus et al. 2000; Limpus et al. 2004).
Egg incubation periods range from 45 to 65 days (mean 54 days). Predation of eggs and hatchlings
varies with nesting location and usually includes such predators as birds, fish, pigs and goannas.
Following a successful ovipostion L. oliyacea may spend the inter-nesting period over a wide
stretch of coastline, generally remaining in close proximity to the nesting beach (Chatto 1998). A
John Dohorty. Mnwol Tropical fnillnmmnotatllanagemont ·Theola ChUlos DIIIWin Un~
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detailed description of its foraging habit remains elusive. However, it is thought to remain in areas
rich in neritic fauna which are often also prawn trawling grounds (Harris 1994). The genetic makeup of L. olivacea in Queensland remains under-described, however, other Australian nesting
populations are genetically distinct from other countries (Dobbs 2001).

1.5 Impacts on marine turtles in Australian waters•.
Historically, the only human threats to marine turtles and their eggs in Australia was harvesting by
indigenous people. However, the expanding Australian population concentrated on the coastal
fringes and the increase in commercial and recreational activity in Australian waters have exposed
marine turtles to increasing mortality through marine debris, boat strikes, habitat loss, entanglement
in commercial fishing gear, predation of eggs by feral animals, noise, oil pollution and continued
harvesting. There is no doubtthat a range of impacts currently threatens marine turtles across their
distribution. However, due to the scarcity of long-term data, the impact at the species and
population level of many ofthese potential threats is difficult to determine (Environment Australia
2003).

1.6 Impacts on Natator depressus and Lepidochelys olivacea in northern Australian waters.
Trawl fisheries have caused the largest identified mortality of N depressus and L.

olivace~

and in

northern Australia for many years, with hundreds dying annually across a wide range of size classes
from small immature to adult (Pointer et al. 1990, Pointer & Harris 1996, Guinea et al. 1997);
Although the introduction of mandatory use of marine turtle exclusion devices in the north
Australian and Torres Strait fisheries should reduce this source of mortality to a minor level, the
impact of past decades of mortality will have a long-term impact on population dynamics for both
species in Australia (Limpus & Chatto 2004).
Prawn trawling may be the main anthropogenic impact on L. olivacea in Australia, although the
level of this impact is uncertain (Harris 1994). The past extensive mortality of this species in the
trawl fisheries (Poiner & Harris 1996, Guinea et al. 1997) and gill net fisheries (Guinea & Chatto
1992), as well as the limited population of L. o/ivacea in Australia waters, was used to argue that

this species was at high risk in Australia and warranted being listed as an endangered species
(Limpus & Chatto 2004).
Other significant causes of mortality that occur annually throughout the Gulf of Carpentaria for both
L. olivacea and N. depressus are. entanglement in lost or discarded nets (Leitch 2001 ), and ingestion
of discarded synthetic debris, which is widespread in northern Australia and has been affecting
marine turtles for some years (Chatto et al. 1995; Limpus 1997; Dobbs 2001).
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A major threat to marine turtle populations within northern Australian waters. i-s-the c.ombined-less:Q.faggs-ftOOl predation by feral pigs in western Cape York Peninsula, dogs and goannas in

Arnhemland, vehicle damage to nests, and the harvest of eggs and turtles throughout the region.
Within the Northern Territory there is little animal egg predation on most of the islands. There is,
however, considerable egg predation by gcianna and dogs on most mainland sites and some of the
larger islands (Limpus & Chatto 2004).
1.7 Faunal

predation of marine turtle eggs.

Introduced and native fauna is known to prey upon marine turtle eggs (Limpus 1982; Limpus and .
Reimer 1994; Limpus & Chatto 2004). Feral pigs, feral cats, foxes, feral dogs, dingoes, bandicoots
and goannas (Varanus spp.) have been identified as predators on marine turtle eggs in parts of
mainland Australia (Seabrook 1994; Bustard 1972, Lemm 1996, Limpus and Reimer 1994, Morris
1987). Goannas have a reputation for being a pernicious native predator ofmarine turtle eggs
(Limpus 1982) with up to 60% ofnests at Fog Bay in the Northern Territory being destroyed
annually (Guinea 1994; V anderlely 1996). Goannas are also responsible for the destruction of nests
laid on__ne.sting beaches within the Torres Strait(Limpus & Parmenter 1986, Nona 1994). Foxes are
a significant predator of marine turtle eggs on mainland nesting sites in central Queensland and
Western Australia (Limpus & Reimer 1994; LemmJ996; Limpus & Reimer 1994). Studies have
shown that foxes can destroy up to 100% of nests laid in these areas (Stancyk 1982; Dobbs 2001 ).
However, the magnitude of the problem of marine turtle egg loss caused from faunal predation is
not known across the range of marine turtle nesting habitats in Australia (Environment Australia
2003).

1.8 Predation of marine turtle eggs by feral pigs (Sus Scrofa). ·
Choquenot et aL (1996) recognised that one of the major negative environmental impacts of feral
pigs (Sus scrofa) in Australia is predation on native species. Feral pigs are responsible for high
levels of egg predation on marine turtle nesting beaches particularly in north Queensland
(Environment Australia 2003). Limpus & Chatto (2004) state that one of the greatest threats toN.

depressus populations within Queensland must be the loss of eggs from predation by feral pigs,
particularly on the west coast of Cape York Peninsula.
.

.

Although this egg loss is largely unquantified, it is of particular concern because the impact is
widespread (Limpus et al. 1989). FurthermOfe, modelling of marine turtle egg loss has indicated
.

ft

.

that even a moderate loss will not be sustainable (Chaloupka 1998). While the eastern Queensland
~.F"

.

.

stock ofN. depressus has been stable over the past 30 years (Limpus et al. 2002), there are nolong-
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term studies within the northern Australian breeding areas from which the population status of this
breeding cohort can be assessed (Dobbs 2001 )~
Crab Island, located just off-shore in north-west Cape York Peninsula, supports the largest nesting
· site for the northern breeding stock of N. depressus in Australia. Three census events on the island
over 20 years indicate that the size of the adult population nesting on Crab Island has ma,intained
stability over this period (Limpus et al. 1993; Sutherland & Sutherland 2003; Limpus et al. 1983).
However, given the present range of threats to the population throughout the region, as well as the
unquanti:fied anecdotal reports indicating high levels of pig depredation ofnests laid along the
mainland beaches of western Cape York Peninsula, it is

ami~d-te-be highly

unlikely that this

major population can maintain its stability over the long-term (Limpus et al. 1993;.Limpus &
Chatto 2004).
1.9 Australian feral pigs.

Pigs were frrst introduced into Australia by the early European settlers and quickly established feral
populations, particularly in New South Wales and Queensland (Graves 1984; Choquenot et al.
1996). Most feral pigs in Australia are descendants ofvarious breedS of the Eurasian wild boar or
the domestic pig which, for variolis reasons including lack of restraint and deliberate releases,
reverted to living in the wild (Pullar 1953; Graves 1984). Horizontal black stripes on the piglets of
many feral pigs indicate the infusion of Eurasian wild boar genes. Initially, the distribution of pigs
was close to major settlements throughout Australia but, as changes occurred in the management of
rural properties, many pigs were left unattended, wandered away and established feral colonies
(Choquenot et al. 1996). Feral pigs are now widely distributed in Queensland, the Northern
Territory, New South Wales, and the Australian Capital Territory (Graves 1984).
Circumstantial evidence such as the presence of a Melanesian tick, an exotic nematode and a
dominant coat other than black, indicates that the feral pig populations established in the tropical
forests of north eastern Queensland did not originate from escaped domestic animals as did feral
pigs throughout other parts ofAustralia. It is likely that the ancestral population was established
from animals originating from islands to the north and north west of Australia, i.e. pigs
domesticated from naturally occurring wild pigs in Indonesia and south eaStern Asia (Heise-Pavlov
& Heise-Pavlov 2003).

Mitchell (2002) reports that domestic pigs were also introduced into the Cape York region of far
north Queensland during the Palmer River gold rushes of 1860 to 1870, especially by Chinese
.immigrants who brought with them the Asian domestic breeds of pig. Some accidental escapes of
these Asian breeds would most probably have occurred.
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Hone (1990) estimated a population of3.5-23.5 million feral pigs inhabited 38% of Australia with
the majority in New South Wales and Queensland. The total number of feral pigs in Queensland is
not accurately known. However, Mitchell (1982) estimated a population of2 to 3 million pigs
throughout Queensland with the majority in northern Queensland. The size of the population
probably varies considerably each year depending on environmental conditions suchas floods and
droughts (Mcilroy 2001; Mitchell2002).

1.10 Feral pig habitat and ranges.
The biology and ecology of feral pigs are two of the major reasons why this species is such a
significant and thriving vertebrate pest in Australia (Graves 1984; Mcilroy 2001 ). Feral pigs have.
large robust bodies,. snouts specially developed for rooting up the ground, an omnivorous diet and
adaptive activity patterns that allow them to live in a wide range of habitats. Feral pigs are habitat
generalists and have colonised sub-alpine grasslands and forests, dry woodlands, tropical
rainforests, semi-arid and monsoonal floodplains, swamps and other wetlands in many parts of
Australia (Choquenot et al. 1996).
The prime requirements of feral pigs are a reliable and adequate supply of water, food and cover.
Temporal changes can occur in their use of habitats to satisfy these requirements, particularly to
obtain shade and water and exploit seasonally abundant food sources (Bowman & McDonough
1991; Bayliss & Yeomans 1989; Mcilroy 1993; Dexter 1995). Seasonal changes in movement
patterns or habitat usage have been reported in a number of Australian and overseas studies
(Bowman & McDonough 1991; Mitchell2002). Changes in habitat usage are attributed to changes
in food or water availability, or to seasonal conditions such as high temperatures (Dexter 1999).
Activity patterns are also influenced by weather and disturbance. Pigs are generally crepuscular and
. tend to hide in cover during the middle of the day (Caley 1993). During hotweather, for example,
feral pigs may rest during the day in shady places under thick bushes, in riverine woodland
communities, or in patches of monsoon forest andthen move to more open grasslands, sedgelands
and waterholes to drink and feed after dark (Giles 1980; Ridpath 1991; Dexter 1995).
Large-scale movements attributed to hunting pressure have been reported but, if left undisturbed,
pigs are relatively sedentary, generally confining their movements to a defined home range (Pullar
1953; Caley 1993; Mitche112002). Feral pig movements are, however, largely driven by the
location of food and there is often a trade-off between the energy needed to o~tain food and the
·protein and energy derived from it. Hence, feral pigs readily switch foods and feeding places, and
they may move extensively, depending on variations in locally or seasonally abundant food solll'ces.
Movements are also influenced by requirements for shelter, includfug wallowing areas, during
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different times of the year and, to a lesser extent, by the local topography and disturbance
(Choquenot et al. 1996; Mitchell2002).
The distribution and spread of feral pigs in western Queensland and Ne:w South Wales is directly
related to the location of inland watercourses and their associated floOd plains. Feral pigs can
tolerate high ambient temperatures only where both drinking water and the shelter of dense
vegetation are available (Wilson et al. 1992). Natural population spread along watercourses into
these areas depends on good seasons and has largely occurred only during the last 40 to 80 years
(Pullar 1953). Feral pigs in Queensland occur mainly in higher rainfall areas, particularly on the
extensive floodplains and adjacent woodlands close to the coast. They tend to concentrate near
watercourses and billabongs, but during the wet season they will range throughout the open tropical
forests and woodlands (Mitchell2002).
Feral pigs generally do not move very far in response to minor disturbance, including infrequent
hunting, and usually return to their home ranges shortly afterwards (Mcilroy & Saillard 1989; Caley
1993). The size ofthe home range is primarily determined by the abundance of food and is
correlated with body weight and population density (Caley 1993). Boars have larger daily, seasonal
and overall home ranges than sows, particularly recently farrowed sows which stay close to their
young for the first two weeks or so after farrowing (Mcilroy et al. 1989; Caley 1993).
'

Australian studies have reported home ranges sizes varying from 1.3km2 to 43km2 for males and
1.5km2 to 19.4km2 for females (Choquenot et al. 1996). Individuals can move up to 55km,
particularly from one watercourse to another, in search for food, or in response to major prolonged
disturbance by people. Most pigs will, however, retain a strong fidelity to their home ranges, even
when subjected to minor disturbance (Choquenot eta/. 1996; Heise-Pavlov & Heise-Pavlov 2003).
Although adult boars are invariably solitary, and farrowing sows will temporarily separate
themselves from other pigs, feral pigs are mostly social, gregarious animals. Group sizes vary
considerably, ranging from 1-12 up to 40-50 in different seasons and areas (Choquenot et al.
1996). Groups of more than 100 can gather around remaining waterholes in dry seasons (Dextet
1999).

1.11 Feeding habits of feral pigs.
Feral pigs are opportunistic omnivores with a strong preference for succulent green vegetation,
. fruits and seeds, underground rhizomes and roots, invertebrates and animal material including
carrion (Giles 1980). Pigs have a mono-gastric stomach and, therefore, are unable to utilise
cellulose readily. They cannot live on roughage but need supplements of other foods (Choquenot et
John Doherty.
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al. 1996). Feral pigs, especially breeding sows, have a relatively high protein requirement. Low
protein levels in the diet (less than 15%) can cause a low ovulation rate, reduced litter size, low
birth weights, and poor lactation. Energy requirements are also quite high, particularly for sows in
the last month ofpregnancy (Mitchell2002).
The plant items eaten by feral pigs in Australia vary from region to region, but include fruits and
seeds, foliage and stems, rhizomes, bulbs and tubers, and underground fungi. Live animals reported
to be eaten by feral pigs include earthworms, amphipods, centipedes, beetles and other arthropods,
snails, frogs, lizards, snakes, the eggs ofthe freshwater crocodile (Crocodylusjohnstoni), turtles and
their eggs, small ground-nesting birds and their eggs, young rabqits and newborn lambs (Tisdell
1984; Mcilroy 1990; Mitchell1993).
The availability and nutritional value of food vary\etween habitats and between seasons. Feral pigs
'

{\

tend to switch from one food source to another as food availability changes or when high energy or
protein sources become available (Duncan & Lodge 1960). Movement patterns have· been attributed
to food searching behaviour and seasonal movements may be related to the availability of particular
food sources at certain times of the year and at certain sites (Mitchell & Mayer 1997; Mitchell
2002).
Therefore, the feeding patterns of feral pigs depend on the location, season, weather and degree of
disturbance. Generally, pigs arenoctumal or restrict their activityto the early morning, late
afternoon, evening and early night in hot weather, or when they are subjected to hunting or other
disturbances (Giles 1980; Saunders & Kay 1991). They are more diurnal in cloudy or rainy
. conditions, or in cooler seasons or areas, although they are not usually active during the middle of
the day (Mcilroy et al. 1989; Saunders & Kay 1991).
The opportunistic omnivore dietary habits of the pig would suggest that diet in the tropical zones of
north Queensland would be variable due to the extensive range of possible dietary items and would
shift with changing environmental conditions and availability of different food sources (Mitchell
2002). In less settled areas of northern Queensland pigs regularly forage for soil invertebrates in
ephemeral swampy areas of the coastal plains during the early dry season (Pav Ecol.1992).
1.12 Reproduction of feral pigs.

The reproductive potential of feral pigs is greater than that of all other large native and feral
·mammals in Australia. with the only exception being the rabbit (Choquenot et al. 1996). In
Australia feral sows only breed when they have reached 25-30kg, usually at about 7-12 months old
(Caley 1993).
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Fecundity increases with age and body weight but can be strongly affected by seasonal conditions.
Under favourable conditions, breeding can occur throughout the year and sows can produce two
weaned litters every twelve to fifteen months, with an average of six piglets per litter (Mitchell

2002), with up to 10 piglets being born in good conditions (Giles 1980; Caley 1993). This gives·
feral pigs the capacity to recover quickly from environmental setbacks such as droughts (Choquenot

et al. 1996; Mitchell 2002).
The basic breeding group consists of one or more sows and their piglets, but other groups consist of
young females, bachelor groups of young males and other combinations. However, jnteractions
with individuals from other litters begin early in life and often persist into adulthood (Graves 1984).
Weaned piglets remain with their mother until the next litter is due and then run together until the
young sows mate. Bachelor groups of males remain together until they are about 18 months old.
Generally adult boars over 18 months old are invariab~ solitary and only rejoin groups. for mating
or to feed unJocalised food resources (Giles-l-g80).
Droughts and shortage of food can delay the onset ofbreeding by young sows and increase the
length of post-partum anoestrus in older sows, as well as reducing the number of foetuses and ·
piglets born, especially in younger sows (Ridpath 1991; Heise-Pavlov & Heise-Pavlov 2003).

1.13 Environmental impacts of feral pigs.
Many members of the public, ecologists and land managers believe that feral pigs have a major
impact on the environment in Australia (Choquenot et al. 1996). There are, however, few
quantitative data on actual impacts. Furthermore, measuring or identifying environmental impacts
'

.

by feral pigs can be difficult (Mitchell 2002). The most important environmental impacts that feral
pigs are likely to have are habitat degradation and predation (McUroy 2001).
1.13.1 Habitat degradation.

Most perceptions of damage by pigs focus on their rooting up of soils, grasslands or forest litter.
Such disturbance can be locally extensive, such as in or around swamps and lagoons, or after rain
when the ground is soft. Disturbance is often associated with sites modified by people or close to
roads tracks and watercourses (Choquenot et al. 1996). Although not proven, there appears to be a
strong correlation between rooting damage and soil moisture, soil friability and the presence of
large numbers of earthworms, other invertebrates and bulb-producing plants (Mitchell & Mayer

1997; Heise-Pavlov & Heise-Pavlov (2003).
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The effect of rooting by pigs on soil-nutrient cycling and erosion is largely unknown. Feral pig
rooting may cause significant erosion of creek banks in the rainforests of Queensland, leading to the
silting of downstream swamps (Mcilroy 1993) or the lowering of water quality in catchments
(Oliver et al. 1992). Rooting by pigs is more likely to affect litter composition directly through jts
mixing and aeration effects and indirectly through its facilitation of predation on worms (Mitchell &
Mayer 1997).
The extent to which feral pigs eat or disperse seed, especially weed seed, is unknown. Feral pigs are
likely to eat a much greater range of fruits and seeds than has been reported, but the viability of the
seeds in pig faeces may depend on the size of the seeds, the feeding behaviour of the pigs and where
the faeces are deposited (Mcllroy 1993; Mitchell1993).
1.13.2 Predation.

The ecological impacts of pig predation on invertebrates and small vertebrates in Australia are not
known (Mcilroy 2001). Similarly, the impacts on larger ground~nesting birds, such as cassowaries
(Casuarius casuarius), scrubfowl (Megapodius reinwardt) and brush-turkeys (Alectura lathama)

remain unknown, despite reports of pigs destroying their nests and eating their eggs and yo·ung
(Hopkins andGraham 1985; Crome and Moore 1990). The presence, however, of eggshell, feathers,

mammal fur and bones in feral pig faecal samples indicates that serious predation may be occurring
on a number of species of small mammals and birds in Australia{Mitchell2002). Tisdell (1984)
reports that around 30% of Australian bird species nest on the ground and their eggs and chicks are
at risk of being eaten by feral pigs. Considerable losses may occur where densities of pigs are high,
especially around waterholes. Feral pigs also compete for resources with native species and
competition with endangered or rare native species is of particular concern (Mitchell 2002). Species
dependent upon wet areas seem to be most threatened by the presence of feral pigs, even through
the threat is not confined to such areas (Bowman and McDonough1991; Mcilroy 1993).
Reptiles seem to have suffered considerably from the presence of feral pigs in: Australia. Feral pigs
opportunistically eat small reptiles including turtle hatchlings and amphibians. They will eat the
eggs of various reptiles including the eggs of the endangered Australian freshwater crocodile

Crocodylusjohnstoni (Mcllroy 1993; Mcilroy 2001) and marine turtles (Mitchell2005 pers.
comm.).
While it is apparent that feral pigs have an adverse affect on a wide range of native Australian
animals, the environmental impacts have yet to be quantified by ecologists (Mcilroy 2001; Tisdell
1984).
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1.14 Aim of study.

There is a paucity of data describing the environmental impacts of feral pigs in Australia.
Furthermore, data describing the environmental impacts of pigs within the tropical regions of
northern Australia is even more limited and mostly anecdotal (Mcilroy 2001 ).
The aim ofthis study is to (i) quantify the ecological impacts of marine turtle nest depredation by
feral pigs in a representative breeding habitat on the west coast of Cape York Peninsula over a 12
month period; (ii) quantify the levels of nest depredation resulting from other feral and native
predator species in the study area; (iii) establish the seasonal patterns of feral pig nest depredation
activities in a marine turtle breeding habitat; (iv) investigate the patterns of feral pig nest
depredation activity in relation to marine turtle species, nest age, and nest location; (v) determine
the distribution and range of feral pig nest depredation activities in relation to nesting densities; (vi)
establish a baseline from which to gauge the· effectiveness of future feral pig management
programmes; and (vii) examine and discuss management options and recommend future research
directions.
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2.METHODS
2.1 Study area.
2.1.1 Location.

The study area is located on the west coast of Cape York Peninsula in far-north Queensland,
approximately 35km north-west ofthe township of Weipa. It encompasses a 42km section of beach
between the Pennefather River(12° 14' 07.4" S, 141° 42' 59.2" E), and Duytken Point (12° 33'
52.4" S 141 o 35' 33.5" E). Maps showing the location of the study area are in Figure 1.
2.1.2 Climate.

Weipa is on the same latitude as Nhulunbuy and Darwin in. the Northern Territory. The climate of
the Cape York region is tropical monsoonal, with a distinct wet and dry season. Most of the rainfall
occurs between December through to March, with very little rainfall being reported from May to
September. Average daily maximum temperatures range from 18° - 31 °C during March to October
and from 24°- 35°C during November to February (BOM 2005); The maximum and minimum
mean daily temperatures, relative humidity, rainfall, and number ofraindays for the Weipa region,
which encompasses the study area, are summarised in Table 4.
The region tends to have light to moderate south-east to east winds from March to October and
mostly light to moderate north-westerly winds from November to February. Fresh winds occur
occasionally but strong or gale force winds normally only occur with a tropical cyclone. The
cyclone season is from December through to April with cyclones regularly affecting the area (BOM
2005). During the monsoon season the prevailing north-westerly winds rarely exceed 30 knots but
occasional cyclones cause localised damage (Specht et al. 1977).
Most vegetative growth occurs in the 34 weeks of the wet season, extending from the first week in
November to the middle of June (Lawrie & Gunness 1985). Total solar radiation is high for most of
the year and peaks in October or November, before the onset of the annual monsoons (Specht et al.
1977)..
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2.1.3 Study area selection.

Extensive areas of the west coast of Cape York are inhabited by feral pigs(Choquenot eta/. 1996;
Department ofthe Environment and Heritage 2003), including the study area, which has a
confirmed high density pig population living in the. saline swamps adjacent to the turtle nesting
beach. Evidence of pig activity: tracks; scats;. wallows; and diggings, is seen in virtually .every
habitat type in the area, with rooting activity disturbing large areas of vine ·forests, swamps, beaches
and water holes along most watercourses (Danes & Moore 1996). Pig tracks, foraging activity and
depredated marine turtle nest-sites were observed on the beach during previous seasons prior this
study commencing. _
This section of coast was selected for the study area due to the year round vehicle access, available
because of a raised gravel track traversing the melaleuca swamps. These swamps, which support
high density feral pig populations, typically lie adjacent to the coast in this area; The access track
was constructed by Alcan South Pacific Pty. Ltd. through their mining lease as part of a feasibility
study for the installation of a ship-loading facility in the mid 1990s (Danes & Moore 1996).
Although the study area is not classified as a high-density marine turtle nesting rookery, it had been
identified as an established marine turtle nesting habitat for N. depressus and one of only two areas
in Queensland known to support L. olivacea nesting (Limpus et al. 2000; Limpus et al. 2004). The
study area is a continuous stretch of coast land which can be surveyed by vehicle, and is long
enough to be regarded as a representative section of coastland to assess the impact of feral pig
depre~ation

on marine turtle nesting sites.

2.1.4 Site description.
The study. area between Pennefather River and Duyfken Point is a continuous and uninterrupted
stretch of beach front. Inland is generally an area of sand dunes, flood plains and an extensive low
plateau supporting stringybark woodland. This area contains one of the richest fauna aggregations
in the Weipa region (Winter & Atherton 1985). This part of Cape York differs from the greater part
ofthe peninsula because ofthe presence of aluminous laterite and its associated plant communities
(Australian Heritage Commission 1994).
The intertidal· zone is devoid of coastal mangroves between the mouth of the Pennefather River and
Duyfken Point and is comprised of an uninterrupted line of gently sloping linear sand beaches. Just
beyond the high water mark the seaward sand dunes commence. These are irregular undulating
beach ridges and low :frontal dunes with irregular slopes, up to approximately 5% overall slope .
John Doberly.
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towards the beach front. Dunes consist of deep well drained siliceous sands with high infiltration
·capacity. Fresh ground water is usually found at 2-4m (Danes & Moore 1996).
A single tree layer of Casuarine equisetifolia forms an intermittent, non-continuous, open w.oodland
at the start of the low beach dunes just beyond the high water mark. The shrub layer consists of a
series of salt tolerant species which have colonised the seaward dunes in isolated clumps. These
clumps become larger and more diverse with distance from the beach, blending into a dense coastal
vine thicket. The ground cover layer is dominated by primary coIonising species, including beach ·
spinifex, which expand from a central clump to bind the otherwise bare sandy dunes together
(Winter & Atherton 1985). On the inland side of the dune system there is a continuous strip of
closed evergreen semi-coastal vine forest occurring on the primary dune sequence behind the
coastal fore-dunes. The floristic composition of this vegetation type is quite diverse, although
structural development is limited to a single closed canopy layer up to 10m. Sclerophyll vine
woodland is also found on the inland dune-fields and is similar to, and merges with, the evergreen
semi-coastal vine forests. The sclerophyll vine woodland occupies a less continuous strip of closed
forest vine thicket on the older, inland dunes of the coastal sequence and often contains elements of
the surrounding sclerophyll woodland as occasional canopy emergents. Both these canopies are
generally closed, with a sparse understorey forming a continuum to the canopy level (Danes &
Moore 1996).
2.1.5 Land tenure and indigenous management.

The study area lies within land owned by Augumathimaree Paynaranama (Two Rivers) people ·
under a Deed Of Grant In Trust (DOGIT)~ Queensland established a system of community level
land trusts, to own and administer former reserves under this special form of title. The changes
occurred through a series ofamendmentsto the Land Act 1962 (Qld) from 1982 to 1988. The
fundamental change in policy was that Aboriginal and Torres Strait Islander people were given
some degree of control over the land on which they lived and greater security of tenure (Nettheim et

al. 2002). Each land trust became a local government area. Every three years the Incorporated
Indigenous Councils elect representatives who are responsible for managing the communities and
the natural and cultural resources within each DOGIT area.
The land is managed by the Nanam Wungthin Land and Sea Centre which is an indigenous resource
management agency incorporated within the Napranum Community Council. The Nanum ·
.

.

Wungthin Land and Sea Centre is staffed by community rangers and is governed by a steering
committee with membership comprised of indigenous traditional owners representing several areas,
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includingthe Augumathimaree Paynaranama people representing the area ofland which contains
the study area.
A proposal to undertake this research programme in this area was initially presented to the Nanum
Wungthin Land and Sea Centre Steering Committee in August 2003. Permission to undertake the
research was granted by the Augumathimaree Paynararui.ma Traditional Owners in December 2003.
2.2

The survey.

Weekly surveys of the nesting beach were undertaken over a 12 month period beginning in May
2004. A four-wheel drive vehicle was used to traverse the 42km of beach between the Pennyfather
River and Dyfk.in Point. The beach was driven in the same direction every survey, simplifYing the
process of checking previously surveyed nest sites to ensure that they were not included again in
subsequent surveys. During each survey, all new turtle tracks were investigated and included in the
survey's sample. It is believed that few, if any, nesting attempts were missed due to the low-density,
widespread nesting patterns.
All recent turtle tracks were investigated by following the tracks up the beach and into the frontal
dunes to attempt to confirm if nesting had been successful. When a completed nest was found the
survey data were recorded on proforma :field,..data sheets (see Appendix I).
Tlie beach was traversed just above the high water mark of the intertidal zone to ensure that all new
turtle tracks, made over the previous 7 days would be seen. Additionally, it was intended that any
environmental impact from the vehicle and its tyre tracks on the beach ecology would be
minimised.
When a set of turtle tracks was encountered the following details were recorded: track width in
millimetres; any tail drag marks; and the gait of the tracks. A scaled measuring staff was also laid
across the tracks, which were then photographed. This was done to ensure that an accurate record of
each set oftracks was taken for later re"evaluation.
When a nest site was found to be excavated by a predator, the nest location was plotted with the .
GPS unit and the coordinates recorded. These nest sites were not examined to obtain data on any
eggs remaining in the nest. It was assumed that, once a nest had been depredated any remaining
fertile eggs left in the egg chamber would have been destroyed by movement or changed nest
environment. Miller (1997) demonstrated that developing embryos are unable to survive following
an increase of ambient temperature beyond 33°C or a decrease in nest humidity as a likely result of
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the removal of the protective layer of sand over the nest. Therefore, any turtle nests which had been
excavated by any predator species were recorded as 'totally destroyed'.
When a nest had not been depredated by predators, the location was plotted using a GPS unit and
was recorded as a numbered way-point. The latitude and longitude coordinates were manually
recorded on the field data-:sheets. This was done as a data back-up precaution to cover any
malfunction or breakdown of the GPS unit.
All undisturbed nests were re-evaluated upon subsequent surveys over 10 consecutive weeks. This
time-frame was determined to encompass the average 55 day incubation period for N. depressus
(Limpus et al. 1993) and L. olivacea (Harris 1994). Nest depredation detected during subsequent
weekly surveys was assessed with the predator species or source of damage being recorded.
Initially only GPS recordings were used to relocate intact nest. sites duringsubsequent surveys.
However, exact nest locations became increasingly difficult to find due to wind blown sand
obliterating the initial turtle tracks. Wind erosion also reduced nest mound height and shape. This
problem became more apparent as the breeding season progressed and the number of intact nest
sites requiring re-surveying each week increased. In order to alleviate this difficulty and reduce time
spent finding the intact nest sites, 900mm survey pegs, marked with coloured flagging tap, were set
approximately 3m to the north ofeach nest site.
2.3 Equipment.

The following survey equipment was used to collect and record the above data: 1 x Garmin GPS 76
with external antenna; 1 x metal retractable measuring tape; 1 x 1.5m scaled measuring staff; l x
Canon digital IXUS 400 camera; 900mm survey pegs; coloured plastic surveyor's flagging tape.
2.4 Turtle species identification.

. The relevant diagnostic features used to differentiate turtle tracks by species included track width
and whether diagonal marks made by the front flippers were symmetrical (breast-stroke gait) or.
asymmetrical (alternating gait). A symmetrical track is formed when the front flippers move,
synchronously to pull the turtle over the surface of the sand, resulting in a track in which the right
· and left halves are almost mirror images. An asymmetrical track is formed when the front flippers
move alternately to carry the turtle forward (Eckert et al. 1999). ·
Research conducted prior to this survey indicated there were only N depressus and L. olivacea
nesting on the beaches north of Weipa (Limpus et al. 2000). Lirnpus et al. (2004) subsequently
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confirmed that these were the only two species of marine turtles currently known to be nesting in
the study area.
Natator depressus has an average weight of about 90kg and has a lightly cut track with an average

width of900mm. It is docwnented to exhibit either symmetrical (breast-stroke) or asymmetrical
(alternating) gaits (Eckert et al. 1999), although Limpus et al. (I 983) states that N. depressus
usually moves with a symmetrical (breast-stroke) gait. Lepidochelys olivacea is the smallest of
marine turtles in the Indo-Pacific region with an average weight of 40kg (Harris1994). This turtle
also has a lightly cut track with a width of700-800mm and uses an asymmetrical (alternating) gait.
Its front flippers leave typically oblique tracks, with the tail drag mark either lacking or
inconspicuous (Eckert et al. 1999).
2.5 Predator species identification.

There were three main cues used to identify the species depredating the turtle nesting sites in this
study. These were: (i) track marks; (ii) digging/excavating characteristics; and (iii) feeding/eggshell scattering characteristics.
2.5 .1

Track marks.

The tracks around an excavated turtle nest site were usually the first signs used to identify the
predator species. Feral pigs leave easily identified and very distinctive deep tracks in beach sand.
The compact shape of their cloven hooves, combined with the closely placed step pattern, makes
positive identification straight forward. Goanna tracks are easily identified due to the splayed-toed
feet pattern, alternating asymmetrical gait and the weaving drag-marks from the tail. Unfortunately,
due to the relative lightness of a goanna's body, the tracks are not deeply embedded in beach sand
and can be easily obliterated within several days by wind blown sand. The tracks left by dingoes are
easily distinguished from the other turtle egg predator species. The fact that the pads on a dingo paw
are soft and splayed does not allow the paw to leave a deep track mark. Additionally, the four pads

on each paw and the distinguished gait of the dingo easily sets the tracks apart from those of the
feral pig.
2.5.2 Digging/excavating.characteristics.

The hole left by feral pigs after a turtle nest has been excavated is easily identified by the fact that
pigs will use their snout to dig straight down into the egg chamber, which leaves a steep sided
conical-shaped hole. Goannas on the other hand will use their claws to dig a wider shaped hole
down into the egg chamber. Dingoes will dig out an egg clutch with their front paws, pushing the
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sand out between their back legs. This leaves an excavation which is easily distinguished from those
made by either goannas or feral pigs.
2.5.3 Feeding/egg-shell scattering characteristics.

Feral pigs will consume the turtle eggs in a manner that leaves the egg shells dispersed around the
excavation site i.e. at the bottom of the hole, up the sides and around the excavated area. No other
predator species in this study area leaves this sort of distinguishing cue after depredating a turtle
nest. Goannas and dingoes will characteristically tend to eat the eggs as they lie in the egg chamber
with a majority of shells left in-situ at the bottom of the excavated hole. It is also possible to detect
claw marks left on egg shells from goannas and dingoes (Guinea 2005 pers. comm.). Turtle nests
which have been depredated by humans usually have vehicle tracks close by, multiple foot prints
. around the nest location, and a large excavated hole with no shells left in-situ as all eggs are usually
harvested from the nest site.

2.6 GIS mapping.
Geographic information system (GIS) software, ArcView ver. 3.2 (ESRI Australia), was used to
record the following spatial data within the study area: (i) all surveyed marine turtle nest sites; (ii)
all surveyed nests that were depredated by feral pigs; (iii) N depressus nest sites; (iv) N depressus
nests that were depredated by feral pigs; (v) L. olivacea nest sites; and (v) L. olivaceanests that
were depredated by feral pigs. The software mapping program facilitated the creation of turtle
nesting and nest depredation niaps from electronic data.
2.7 Statistical Analysis.
The majority ofdata sets from this study did not warrant using statistical analysis as the results were
conclusive (McGuinness 2005 pers. comm.). Expressing these data as a percentage of nests
depredated was considered adequate in order to establish the ecological impacts of feral pig egg
predation activity on this marine turtle nesting habitat. To perform further analysis on most of the
data sets would have been unnecessary and confusing (Guinea 2005 pers. comm.). However,
statistical analysis was undertaken to investigate: (i) whether feral pigs favour n~sts of a particular
turtle species; (ii) if feral pigs displayed a preference for a particular species at different locations
on the nesting beach; and (iii) whether a proportion of nests depredated by feral pigs was different
for each turtle species by weeks after oviposition. A 't-test' was used to determine if significant
differences occurred between the percentages of each turtle species in the above data sets, with
significance being taken at the 0.05 level. Probability values were not calculated for any data set
when the cell values were less than 5, as this would have resulted in statistically inconclusive
·analysis (Domrow 2005 pers. comm.).
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3.RESULTS.
3.1 Marine turtle nest depredation and survival.
There were 254 marine turtle nests surveyed in the study area over a period of 12 months between 7
May 2003 and 22 April 2004. Feral pig nest depredation activity resulted in 70.47% (n = 179) of
nests being destroyed, with dingo nest depredation rates at 5.51% (n = 14), goanna nest depredation
rates at 2.36% (n = 6), and nest depredation from human egg harvesting activity recorded at 2.36%
(n = 6). Flooded nests wererecorded at 0.79% (n = 2) which occurred in the wet season resulting
from a combination of seasonal king tides and high wave action caused by strong on-shore winds
generated from tropical low weather systems in the Gulf of Carpentaria. The total nest survival rate
over a period of 10 weeks post-oviposition was recorded at 18.51% (n = 47). This time period
encompassed the incubation period for both turtle species including an overlap of approximately

10-14 days. These data are summarised in Table 5.
Of all the nests surveyed (n = 254), 88.97% (n = 226) were N. depressus and 11.02% (n = 28) were

L. olivacea. Depredation rates on N. depressus nests was: 69.92% (n = 158) from feral pigs; 4.43%
(n = 10) from dingoes; 2.65% (n = 6) from goannas; and 2.65% (n = 6) from human harvesting
activities. Nest destruction from flooding was recorded in 0.88% (n = 2) of surveyed nests. Postoviposition survival of N. depressus nests for a period of 10 weeks after nests were first laid was
recorded at 19.47% (n = 44). Depredation rates on L. olivacea nests were: 75.00% (n = 21) from
·feral pigs; 14.28% (n = 4) from dingos; and none recorded by goannas or humans. There was no
I

destruction of L. olivacea nests from flooding. The survival rate for the L. olivacea nests for a
period of 10 weeks after nests were first laid was recorded at 10.72% (n = 3). These data are
summarised in Table 6.
At-test was used to establish ifthere was any significance between the nest depredation percentage
rates for each predator species .for N. depressus and L. olivacea. Calculations for the t-test are
shown in Table 7. The t-test indicated that there was no significance difference in selectivity by
feral pigs between N. depressus and L. olivacea nests.

3.2 Marine turtle breeding seasons and feral pig nest depredation.
The number of nests laid by N. depressus and L. olivacea each week, with the corresponding
number and percentage of nests depredated by feral pigs each survey week is summarised in Table .
8. Breeding season duration and nesting frequency data forN. depressus, and the corresponding
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nest depredation data of feral pigs is presented in Figure 2. TheN depressus breeding season
commenced in early May 2004 and continued through to mid-December 2004. There was generally
a bi-modal nesting density distribution with peaks in August and October. Feral pigs started to
depredate N. depressus nests as soon as the breeding season commenced and the frequency of nest
depredation increased in response to increases in nest laying frequency. This pattern of nest
depredation was consistent throughout the nesting season.
The percentage of N. depressus nests being depredated by feral pigs for each survey week is
presented in Figure 3. Early in the breeding season 100% of all nests were being depredated by feral
pigs. These levels of nest depredation rates decreased to 65%- 85% between late June and early
October, with a further reduction to 25% - 45% between mid-October and early November. There
was a marked spike in nest depredation rates toward the end of the breeding season with increases
of70%- 100% being recorded between mid-November and early December.
Data describing breeding season duration and nesting frequency for L. olivacea,. and the
corresponding nest depredation of feral pigs, are presented in Figure 4. The L. olivacea breeding
season was shorter in duration when compared to theN. depressus season. Lipidochelys olivacea
started laying nests in early May 2004 and continued through to early-September 2004. The number
of nests being laid began to increase in mid-August and ceased abruptly in early September. Feral
pigs depredated L. olivacea nests as soon the breeding season commenced. However, the frequency
of feral pig nest depredation rates did not always increase in response to nesting frequency.
Data describing the percenta,ge of L. olivacea nests depredated by feral pigs for each survey week
are presented in Figure 5. Early in the nesting season 100% of all laid nests were being consistently
depredated. These initially high levels of nest depredation rates decreased throughout the breeding
season to between 60% - 80%. No particular emerging pattern of nest depredation rates by feral
pigs over the L. olivacea nesting season was apparent.

· 3.3 Marine turtle nesting locations and feral pig nest depredation. ·
The location of each nest site in the study area was .divided into the following categories: (i) under
or near trees; (ii) on open beach (between high water mark and the start of the fringing dunes); and
(iii) in the fringing dunes. A summary of the number and percentage of N. depressus and L.

olivacea nests laid in each location, with the corresponding number and percenta~e of nests
depredated by feral pigs at each location category, is presented in Table 9.

Natator depressus showed a preference for laying nests in the fringing dunes with 54.43% (n = 123)
of nests laid there,42.92% (n= 97) ofnests laid on open beach, and only2.65% (n = 6) of nests laid
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near or under trees. Lepidochelys olivacea nests were primarily located on open beach with 85.71%
(n = 24) being laid in this location, 10.72% (n = 3) laid near or under trees and only 3.57% (n = 1)
laid in fringing dunes (Table 9).
Depredation rates of N. depressus nests by feral pigs at each location were: 83.3% (n = 5) under or
near trees; 61.9% (n = 60) on the open beach; and 75.6% (n = 93) in the fringing dunes.
Corresponding pig depredation rates on L. olivacea nests were: 100% (n = 3) under or near trees;
75.0% (n = 18) on the open beach; and 0% (n = 0) in the fringing dunes (Table 9).
At-test was used to establish if feral pigs displayed a preference between depredatingN. depressus
and L. olivacea nests layed at different locations on the beach. Calculations for the t-test are shown
in Table 10. The t-test indicated that there was no significant difference in feral pig preference
between N. depressus and L. olivacea nests layed on the open beach.

3.4 Feral pig nest depredation and marine turtle nest age.
Data describing the number and percentage rates of nest depredation by feral pigs in relation to nest
age for both N. depressus and L. olivacea are presented in Table 11. Both N. depressus and L.
olivacea recorded the highest nest depredation rates from feral pigs in the first week after

oviposition, with an marked decline in nest depredation in subsequent weeks.
The percentage and number of N. depressus nests depredated successively by feral pigs after
oviposition were as follows: 56.33% (n = 89) in the first week; 13.29% (n = 21) in the second week;
10.76% (n = 17) in the third week; 6.% (n = 11) in the fourth week; 5.03% (n = 8) in the fifth week;
5.70% (n = 9) in the sixth week; and 1.9% (n = 3) in the seventh week. These data.are summarised
in Figure 6.
The percentage and number of L. olivacea nests depredated by feral pigs each week after
oviposition were: 71.43% (n = 15) in the first week; 9.53% (n

=2) in the second week; 0% (n = 0)

. in the third week; 4.76% (n= I) in the fourth week; 0% (n=O) in the fifth week; 9.52% (n=2)in
the sixth week; and 4.76% (n = l}in the seventh week. These data are sununarised in Figure 7.
A t-testwas used to establish if the proportion of nests depredated by feral pigs was different for
each turtle species by weeks after oviposition. Calculations for the t-test are shown in Table 12. The
t-test indicated that there was no significant relationship between the proportion of nests depredated
by feral pigs for N. depressus and L. olivacea during the first week after oviposition.
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3.5 Marine turtle nesting patterns and feral pig nest depredation.
The range and density of all surveyed marine turtle nesting sites are shown on the map in Figure 8.
The range of the nesting sites was dispersed over the length of the study area. Nesting density was
at a higher level in the southern half, with comparatively fewer nests in the northern half.
The range and density of feral pig nest depredation on all surveyed marine turtle nesting sites are
shown in the map in Figure 9. The range of nest depredation was dispersed over the length of the
study area. The density of nest depredation was greater in the southern half of the study area, with a
comparatively lesser density in the northern half. This indicates a direct correlation between the
density of marine turtle nesting sites and feral pig nest depredation activity.
The range and density of N depressus nesting sites are shown on the map in Figure 10. The range
of N depressus nesting sites was dispersed over the full length of the study area, Nesting densities
of N depressus were at a higher level in the southern half, with a comparatively lesser density in the
northern half of the study area.
The range and density of feral pig nest depredation onN depressus nesting sites are shown on the
map in Figure 11. The range of feral pig nest depredation on N depressus nesting sites covered the
length of the study area. The density of nest depredation was greater in the southern half and
comparatively less in the northern half.
The range and density of L. olivacea nesting sites are shown on the map in Figure 12. The range of

L. olivacea nesting sites was thinly dispersed over the length of the study area. Nesting densities of

L. ·olivacea were higher in the central section of the study area with sparser nesting densities in the
northern and southern sections. ·
The range and density of feral pig nest depredation on L. olivacea nesting sites are shown on the
map in Figure 13. The range of feral pig nest depredation on L. olivacea nesting sites was dispersed
over the full length of the study area. The density of nest depredation was comparatively greater in
the central section of the study area, and decreased in the northern and southern sections. These data
indicate that there was a direct correlation between the density of both N depressus and L. olivacea
nesting sites and feral pig nest depredation activity.
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4. DISCUSSION.

4.1 Ecological impacts of feral pigs.

This study found that, of254 turtle nests surveyed, 88.97% (n = 226) were N. depressus and
11.02% (n = 28) were L. olivacea. These findings reflect results of a short-term strip census
conducted over a smaller area of the same beach five years previously, where 88.50% of the nesting
marine turtles surveyed were N. depressus, and 12.50% were L. olivacea (Limpus et al. 2000).
Limpus & Chatto (2004) believe that one of the greatest threats to theN. depressus population
within Queensland must be the loss of eggs from nest depredation by feral pigs on the west coast of
Cape York Peninsula. This study found that feral pigs had depredated 70.47% of all marine turtle
nests laid in the study area over a 12 month period, with 69.92% of N. depressus and 75.00% ofL.
olivacea nests being depredated.

Nest depredation rates found in this study may have been biased as a result of a feral pig control
programme undertaken in the study area six months prior to the study commencing. An aerial shoot
was carried out over the full length ofthe study area, extending 16km inland from the nesting
beach, resulting in the culling of305 feral pigs. Numerous pigs were shot within 2km of the coast
indicating that these animals may have been actively depredating nest sites (Molyneaux 2003).
While it is likely that feral pig nest depredation rates established by this study are likely to have
been reduced by this control programme, it is difficult to quantify what the depredation rates would
have been prior to when this culling programme was initiated. However, this study's depredation
rates remained seriously high. This study established that 70.47% of all turtle nests are being
depredated by feral pigs in one breeding season. These results corroborate past findings and confirm
that the foraging activities of this one predator species are inflicting substantial ecological impacts
on the marine turtle breeding habitats of Cape York. This is especially. crucial when it is likely that
these impacts would have been more acute in the seasons prior to the implementation of a pig
control programme initiated six months before this study commenced.
Previous findings of a sli.ort·'-term strip census on 13km of beach situated north of the study area
recorded feral pig depredation of marine turtle nests at 95% of total nests surveyed. This rate of nest
depredation by feral pigs on the west coast of Cape York Peninsula was typical of the region
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(Winter & Atherton 1985). Similar feral pig nest depredation rates in marine turtle breeding habitat
have been recorded on the eastern coast of America, with 90% of all nests being depredated on St.
Catherines Island, Georgia (Hayes et al. 1996).
Crab Island, a major N. depressus rookery situated north of the study area, has no evidence of
known egg predators such as goannas or large native or feral mammals (Limpus et al. 1993).
However, a 6km stretch of mainland coast adjacent to Crab Island, running south from the mouth of
the Jardine River, was strip-surveyed in 1991. It was reported that the turtle track density was
comparable to that of Crab Island, However, feral pigs were recorded to have destroyed most of the
hundreds of turtle nests seen on this section of mainland beach (Limpus et al. 1993). Prior
observations on turtle breeding beaches on the west coast of Cape York Peninsula report that near
total egg clutch destruction results in a marine turtle nest after it has been depredated by a feral pig
(Limpus & Fleay 1983).

4.2 Ecological impacts of goannas.
Goannas (Varanus spp.) have been reported to prey on marine turtle populations in various regions
of Australia. They have developed a reputation for being particularly pernicious predators of marine
turtle eggs with nest depredation rates from goannas on some nesting beaches in the Northern
Territory being reported at 52% (Blamires et al. 2003) and up to 60% (Guinea 1994) of nests being
destroyed annually. Goannas are also responsible for the destruction of a high percentage of N.

depressus nests laid on minor breeding beaches within the Torres Straits (Limpus & Parmenter
1986; Nona 1994).
This study would appear to contradict these findings, with goannas being reported depredating only
2.35% of all turtle nests laid over a 12 month period (all N. depressus nests). There appears to be a
wide disparity in the levels of goanna egg predation activities between marine turtle nesting areas in
Australia, as it has been reported that goannas rarely depredate N. depressus nests in the rookeries
southeastofPort Hedland. There is no apparent reason for this lack of depredation (Blamires et al.
2003). There also seems to be no obvious reasons to explain the low goanna nest depredation rates
found in this study on the west coast of Cape York Peninsula~ It is possible that feral pigs are out·
competing goannas for this particular food resource in this area. However, further research would
have to be. conducted to test this hypothesis.
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4.3 Ecological impacts of dingoes.
Dingoes (Canis familiaris dingo) have been identified as one of several terrestrial predators which
exploit marine turtle eggs in parts of mainland Australia (Bustard 1972; Lemm 1996; Limpus and
Reimer 1994; Morris 1987). The magnitude and extent ofthis is not known across the whole range
of marine turtle nesting habitats (Environment Australia 2003). This study found that the impacts
from dingo egg predation on the west coast of Cape York Peninsula were relatively low when
compared to those of feral pigs. Dingoes depredated only 5.51% of all turtle nests laid over a 12
month period (Table 5), depredating 4.43% of N depressus nests and 14.28% of L olivacea nests
(Table 6). It is interesting to note, however, that dingoes have been identified as one of the predator
species which has the potential for threatening the long-term survival of theN depressus population
in northern Australia (Limpus et al. 1993). It could be possible feral pigs are also out competing
dingoes for this particular food resource in this area.

4.4 Ecological impacts of humans and vehicles.
(Limpus & Chatto 2004) suggest that apart from egg predation by feral pigs, the greatest threat to
theN depressus population within Queensland is the combined loss ofturtle eggs from vehicle
damage to nests and the harvest of eggs for human consumption, with a high probability that egg
harvesting alone could be sufficient to threaten the sustainability of these turtle breeding stocks
within northern Australia. However, there appears to be no published research which quantifies
these impacts. This study found only 2.36% of all surveyed nests were destroyed by human egg
harvesting activities and no nests destroyed by vehicles.
Levels of vehicle damage and nest depredation caused by harvesting marine turtle eggs for human
consumption in this study were not substantial. However, the beach surveyed for this study was
relatively isolated, located at least 2 - 2.5 driving hours from the nearest community. It could be
assumed that the harvesting of eggs would be considerably higher if a community was located
closer to the study area with ready vehicular access to the nesting beach.

4.5 The characteristics of feral pig nest depredation.
The prime habitat requirements for feral pigs are reliable and adequate supplies of food, water ~d
.

.

cover (Choquenot et al. 1996). Pig population distribution is directly related to the location of
watercourses and their associated flood plains (Wilson et al. 1992). The opportunistic feeding habits
and omnivorous diet of feral pigs allow them to exploit various temporarily abundant food sources
such as marine turtle eggs (Mcilroy 2001). The study area provided ideal feral pig habitat. A
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perennial water supply is available in the large number of swamps which lie inland from the coast.
A wide diversity of dense vegetation communities is present in the areas associated with the water
courses and flood plains and a rich range of fauna and flora species are present in the area.
Feral pigs' diet changes seasonally with the availability and nutrient levels in different food
resources (Giles 1980). Consumption of animal matter, for instance, with its high protein content,
varies greatly between seasons but rarely exceeds 5-18% ofthe diet (Pavlov 1980). This would
suggest that the diet ofthe feral pig in the tropical zones of north Queensland would be variable due
to the extensive range of possible dietary items, and would shift with changing environmental
conditions and availability of different food sources (Mitchell2002).
Feral pigs have relatively high energy and protein requirements during pregnancy and lactation~
These requirements cannot always be met by the seasonal availability of foods in any particular
.area Consequently, feral pigs may often move to other parts oftheir home range that are better
sources of the foods they require (Choquenot et al. 1996). This makes the availability of marine
turtle eggs ideal for feral pigs dietary requirements during pregnancy and lactation with high levels
of energy being obtained from the yokes and raw protein in the albumen.
Feral pigs are polyoestrous and, under favourable conditions, breeding can occur throughout the
year. However, in most areas of Australia breeding is usually seasonal where food availability and
quality are variable (Giles 1980; Saunders & Bryant 1988). In the monsoonal tropics of northern
Australia there is a peak in birth rates during the early dry season, because many; sows come into
oestrus and mate during the wet season when food is abundant (Giles 1980). In comparison, during
the late dry season many adult sows are in poor condition due to the nutritional demands of
previous pregnancies and lactation and a shortage of high quality food. Consequently, fewer piglets
are born during the wet season (Caley 1993).
The dietary energy needs of breeding sows are relatively high, particularly in the last month of
pregnancy, requiring about twice the digestible energy ofnon-breeding sows; Lactating sows
require up to three times the energy requirements of non-breeding sows. Furthermore, if the intake
of crude protein for a breeding sow falls below 15% of the diet, lactation can cease and piglets will
become susceptible to starvation (Giles 1980).
With feral pig birth rates in the tropical regions of north Queensland peaking during the early dry
season months, the availability of marine turtle eggs during this period fulflls the pigs specific
dietary requirement for a reliable source of digestible energy and crude protein during the
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pregnancy and lactation periods. Furthermore the availability of marine turtle eggs during this
period represents a food resource likely to be vital to the successful reproduction of feral pigs in this
particular region.
The importance of marine turtle eggs being available in this feral pig home range is confirmed by
the fact that this food resource is being fully exploited as soon as the turtle breeding season begins,
with 100% of marine turtle nests laid each week being depredated on a regular basis. Furthermore,
the voracious demand on this resource by feral pigs is sustained at a high level throughout the turtle
breeding season, with weekly nest depredation rates remaining above 80% for most of the turtle
breeding season.
The consistent demand on this food resource by feral pigs coincides with the lactation period for
sows producing litters in the early dry season .months. The assiduous demand for this food resource
is further demonstrated by the high number of nests which were depredated by feral pigs in the first
week of oviposition, with reduced but consistent weekly nest depredation rates being sustained
throughout the egg incubation period. Furthermore, feral pigs in this study exhibited no preference
between turtle species or between the location ofturtle nests in the breeding habitat.
There was a noticeable reduction in weekly rates of feral pig nest depredation toward the end of the

N. depressus breeding season in October and November. This coincides with the end of the
· lactation period of the breeding sows that gave birth in the early dry season and is consistent with
their dietary requirements.
This study
that the range and density of turtle nesting sites throughout the study area
. establishes
.
directly correlates with the range and density of feral pig nest depredation activity. Therefore, where
turtle nesting density is high, then the density of feral pig nest depredation increases
correspondingly. This correlation is valid for both N. depressus and L. olivacea and demonstrates
how efficiently feral pigs actively exploit this food resource at such protracted and sustained levels
throughout the marine turtle breeding habitat in this study area.

4.6 Long-terin ecological impacts offeral pigs nest depredation in marine turtle breeding
habitats on the west coast of Cape York.
Population genetics analysis indicates that widely spaced clusters of marine turtle breeding
aggregations are genetically discrete (Bowen & K.arl1997). For example, analysis of tissue samples
· from nesting N. depressus indicates that populations nesting on the coast of eastern Queensland are
genetically distinct from those breeding units nesting in the Gulf of Carpentaria (Moritz et al.
1998). Therefore,the pivotal temperature (the theoretiCal temperature at which a: 1:1 sex ni.tio could
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be expected in marine turtle hatchlings) is not fixed but varies between breeding units. Within each
breeding unit, the turtles reproduce regionally on beaches that provide a range of nest temperatures
spanning the pivotal temperature (Limpus et al. 1983). For instance, the pivotal temperature for the
N. depressus from the central and southern regions of Queensland's east coast is 29.5°C, ranging

from 100% male hatchling production at 28°C to 100% females at 31 oc (Limpus et al. 1993). If the
nesting population on the west coast of Cape Yark nesting is part of a separate breeding unit from
the east coast population, then particular pivotal temperatures will apply for these populations
(Limpus et al. 1993).
On the west coast of Cape York Peninsula the mainland breeding beaches have a different sand
colour and composition when compared to the off-shore island rookeries. The island beach sands
are predominantly much whiter than sand on the mainland beaches. This would result in different
temperature profiles, with the darker mainland beaches being relatively warmer than the whiter
island sands. This difference should result in a higher proportion of female hatchlings from the
mainland beaches (Limpus et al. 1993). Therefore, the established high nest depredation rates by
feral pigs on the mainland beaches of western Cape York have the potential to threaten the survival
of the entire female population of this particular breeding unit in the long term. The breeding
behaviour of marine turtles dictates that the females return to their natal beach, or to anotherbeach
in the area, to lay their eggs.· Should a sub-population become extinct over time, it is highly likely
that breeding turtles would eventually cease returning to these nesting beaches (Environment
Australia 2003).
While egg loss from pig nest depredation is largely unquantified across northern Australia, it would
appear to be widespread and in need of urgent attention (Limpus et al: 1989, Blamires & Guinea
2003, Henry & Lyle 2003). Chaloupka (1998) has used computer modelling to demonstrate that
marine turtle egg loss is only sustainable at low levels and has calculated that at least 70% of
clutches laid should produce hatchlings in any particular breeding habitat. This study establishes
that 69.92% of N depressus and 75.00% of L. olivacea nests are depredated by feral pigs, with only
19.47% of N. depressus and 10.72% of L. olivacea nests surviving the full incubationperiod. Using
the computer modelling by Chaloupka (1998), and assuming that the present feral pig populations
remain constant, the ecological impacts of this level of egg loss from pig nest depredation in this
particular breeding habitat is substantial.
If the levels· of nest depredation reported by this· study are being replicated in other feral pig infested
marine turtle breeding habitats found across northern Australia, then the long-term sustainability of
these breeding units would appear to be extremely tenuous.
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4.7 Management.

Identifying and measuring the ecological impacts that feral pigs have on an ecosystem should be a
crucial part of feral pig management plans. The type, severity, extent and location of feral pig
impacts will determine whether control should be carried out and, if so, when and how much
control is necessary to reduce or eliminate impacts (Mcilroy 2001). Ifthe negative ecological
implications of pig damage are not clearly established, then it is difficult to justify funding for any
control programmes. In addition, pig control by conventional means is expensive. The cost escalates
ifthe aim of a control programme is to hold the population at very low numbers due to the potential
of feral pig populations to quickly recover after any population reductions (Choquenot et al. 1996).
Furthermore, feral pigs have flexible behaviour and habitat choice,. are highly mobile, and are good
at persisting in inaccessible habitats (Johnson 2001). Giles (1980) suggested that a 70%
instantaneous population reduction was required to keep a feral pig population below pre-control
levels for at least one year. Hone & Robards (1980) have calculated that, for a closed feral pig
pop'Qlation with adequate food resources, an annual population reduction rate of70% for 9.5 years
would be required to achieve total eradication.
Control of feral pigs in protected areas and key habitats is a major management challenge (Mitchell
2002), because the options for reducing pig populations are limited (Mitchell 1993). Pig-proof
fences are expensive, difficult to build and require ongoing maintenance. Poisoning has the
potential to negatively affectnon.:.target species and is not appropriate for areas dedicated to nature
conservation (Vemes et at. 2001). Trapping is expensive because· it is labour-intensive and hunting
with dogs is mostly inefficient in extensive areas because of the low encounter rates with pigs
(Mitchell1993). Furthermore, the evasive behaviour of pigs makes estimation ofthe size oftheir
populations difficult to calculate (Bowman & McDonough 1991).
Shooting is especially problematic given the intractability of the environments that feral pigs
favour, and is very expensive if helicopters are used (Mitchel12002). Shooting programmes may
have little effect because of the inaccessibility of pigs in the difficult terrain and dense vegetation
typical of much of northern Australia (Vemes et al. 2001 ), particularly in the Cape York regi~n
(Mitchell 1993). This was confirmed with the aerial pig control programme which was conducted in
the study area resulting in the destruction of 305 pigs in 8 hours. The pig numbers were reported to
be reduced in the control area to a point where to continue helicopter shooting for any longer would
have been uneconomical (Molyneaux 2003); Six months later, this ecological impact assessment
found that feral pigs were still depredating 70.47% of all marine turtle nests laid in the study area.
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Presumably, this level of impact was being achieved by the remaining feral pig population left.after
the aerial shooting programme as there was little time for the recruitment of adult pigs from another
home range.
The difficulties in undertaking these types of control programmes in the Cape York region are
numerous. Given the management difficulties and cost restraints, there must be clear evidence to
justify the funding of any long-term feral pig control programmes as a high management priority
(Bowman & McDonough 1991).
4.8 Recommendations.

The beaches of north-western Cape York provide key habitat for N. depressus and L. olivacea
during their breeding season. Because feral pig depredation of marine turtle eggs involves digging
into a freshly laid nest, Bouton (1999) has proposed that the placement of treated (e.g. galvanised or
plastic coated) wire or rigid plastic mesh just below the sand surface or, alternatively, formed as a
cage over the nest could have the potential to deter nest excavation providing the mesh is small
enough to prevent access by pigs, yet large enough to allow the passage ofhatchlings to the surface.
Wire screens have been effectively used overseas to deter a range of vertebrate predator species at
.

.

.

many marine turtle rookeries {Ratnaswamy et al. 1997). However, wire screens may interfere with
the magnetic field around the nest and, thus, the natal imprinting sense ofthe hatchlings (Admany et

al. 1997). Blamires et al. (2003) suggests that solid plastic screening or wooden lattice could be
used in its place. Bouton (1999) reports using nest screening at Canaveral National Seashore
Reserve, Florida USA, and found the nest screening to be the most effective, although it is a very
costly method in reducing marine turtle nest depredation from vertebrate predators.
An alternative to screens lying horizontally on the sand could be upright cylindrical c~ges oflarge

enough mesh size to allow hatchlings to escape on emergence. These have proven effective in
preventing fox invasion ofloggerhead nests at Ningaloo ReefNational Park in Western Australia
(Blamires et al. 2003). The use of horizontal or vertical non-metalic screening material used a5 an
exclusion devise could be researched and trialed in northern Australia to assess its effectiveness at
deterring feral pig nest depredation in marine turtle breeding habitats.

has applied masking odours such as urine or pepper in .
Boulon (1999) reports that overseas research
.
·the immediate vicinity of marine turtle nests to disguise the location of the nest or to confuse or
repel predator species. Yet, there appears to be no current data available with which to evaluate the
success of these methods. A screening trial could be run to test the effectiveness of a range of .
substances in repelling feral pigs from marine turtle nests in northern Australia. Care should be
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taken, however, not to introduce substances into the breeding habitat that may contain compounds
that could be harmful to the developing embryos, emergent hatchlings, gravid females, or non-target
wildlife (Boulon 1999). There is also the potential that masking odours could detrimentally affect
the natal imprinting sense of the emerging hatchlings (Bell2005 pers. comm.).
While some nest depredation is certainly opportunistic, the habit of depredating turtle nests is, for at
least some predator species, clearly a learned behaviour (Boulon 1999). Research data from a
marine turtle breeding habitat on St. Catherines Island, Georgia, strongly suggest that nest
depredation by feral pigs is a learned behaviour and the resulting ecological impacts can be
controlled by the rapid identification, targeting, and elimination of the specific offending animals
within the key habitat (Hayes et al. 1996). These studies found that marine turtle nests with
protective screens removed were depredated by feral pigs. These nests were then backfilled with
sand. The next night these nests, plus other inactive nests, were depredated again. Not only were all
the initially backfilled nests being excavated again, but additional inactive nests, with protective
screens installed over the nest sites, were excavated by pigs pushing under the protective devices.
The consistent reopening of old nests followed by the progressive inclusion of more nests indicates
that the feral pigs had learned the nest depredating behaviour (Hayes eta/. 1996). These studies
concluded that: (i) pigs do not instinctively depredate marine turtle nests; (ii) pigs foraging on a
nesting beach may rapidly learn predatory behaviour, transferred by observation from one pig to .
another; (iii) once learned, predatory behaviour by pigs is consistently and progressively applied;
and (iv) the removal from the nest habitat of the pigs responsible for the nest depredation should
eliminate, or at least significantly alleviate, these impacts.
The results of a study by Hayes et al. (1996) could be applied in a screening trial involving the
burial of food substances in marine turtle nests which have been freshly excavated by feral pigs. If
the nests are re-excavated and the substances consumed, then this could be a potentially
inexpensive, target-specific baiting delivery method which would eliminate the offending pigs from
a specific marine turtle breeding habitat. Once it was established that feral pigs took the buried food
substances, this method would have to be further trialed with the substances being treated with a
range of registered poisons in order to test the effectiveness of the. uptake of each bait type.
It should be emphasised that, although the systematic control of feral pigs in a marine turtle
breeding habitat is unlikely to have a detrimental effect on the larger coastal ecology, the removal
of non-target native fauna from anesting beach and its environs could have serious impacts by
creating ecological imbalance in the area. Nevertheless, Boulon (1999) suggests that such
methodologies may be worth pursuing if predation constitutes a serious threat well beyond the
natural cycles ofthe food web.
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It is clear from the results of this study that the feral pig population poses a specific long-tenn
ecological threat to marine turtle breeding habitats in north Queensland. However, it is apparent that
eradication of feral pigs over e:>Uensive areas is not practical. Even a sustained reduction of
population size would be difficult to achieve. Therefore, it would appear that the only alternative is
to develop management practices which will reduce the ecological impacts of feral pigs on a habitat
by habitat basis, that is, control or alleviate the specific ecological impacts of feral pigs within
specific key habitats which are being critically affected. The development of an effective targetspecific pig baiting methodology would appear to be one of the only alternatives available.
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TABLES and FIGURES.

Table 1. Status of marine turtles under; the Conservation of Migratory Species of Wild Animals
(CMS); the Convention on International Trade in Endangered Species of Wild Fauna and Flora
(CITES); and the World Conservation Union (IUCN).

.Qm!
(Appendix)

TURTLE SPECIES

Common name (Species)
Loggerhead turtle (Caretta caretta)
Green turtle (Chelonia mydas)
Hawksbill turtle (Eretmochelys imbricat)
Olive Ridley turtle (Lepidochelys olivacea)
Leatherback turtle (Dermochelys coriacea)
Flatback turtle (Natator depressus)

I& II
I&II
I & II
I & II
I& II
II

~ITES**

IUCN

(Appendix)

(Status)

I
I
I
I
I
I

Endangered
Endangered
Critically endangered
Endangered
Critically endangered
Data deficient

Notes:
*Conservation of Migratory Species ofWild Animals (CMS):
Appendix I- Endangered migratory species.
Migratory species that have been categorized as being in danger of extinction
throughout all or a significant proportion of their range are listed on Appendix I
of the Convention.
Appendix II - Migratory species conserved through Agreements.
Migratory species that have an unfavourable conservation status or would benefit
significantly from international co-operation organised by tailored agreements are
listed in Appendix II' to the Convention.
** Convention on International Trade in Endangered Species ofWild Fauna and Flora (CITES):
Appendix!
·
These are species threatened with extinction and that are, or may be affected by
trade.
Source: (Environment Australia 2003).

Table 2. Status of marine turtles under the Environment Protection and Biodiversity
Conservation Act 1999.

COMMON NAME

SPECIES

Loggerhead turtle

Caretta caretta
Lepidochelys olivacea
Chelonia mydas
Eretmochelys imbricata
Dermochelys coriacea
. Natator depressus

Olive Ridley turtle
Green turtle
Hawksbill turtle
Leatherback turtle

Flatback turtle

STATUS

Endangered
Endangered
Vulnerable
Vulnerable

Vulnerable
Vulnerable

Source: (Environment Australia 2003).
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Table 3. State and Northern Territory legislation that protects marine turtles or identifies their
status as needing particular conservation action.

STATUTE

JURISDICTION

Nature Conservation Act 1992

Queensland

Territory Parks and Wildlife Conservation Act 2000

Northern Territory

Wildlife Conservation Act 1950

Western Australia

Conservation and Land Management Act 1984
South Australia

National Parks and Wildlife Act 1972

Tasmania

Threatened Species Protection Act 1995
Living Marine Resources Management Act 1995
Wildlife Act 1975

Victoria

Flora and Fauna Guarantee Act 1988
National Parks and Wildlife Act 1974

New South Wales

Threatened Species Conservation Act 1995
Source: (Environment Australia 2003).

Table 4. Meteorological data recorded at Weipa (S. 12.6274: E. 141.8836), 35 kms
south-west for the study area showing: maximum and minimum mean daily
temperatures; relative humidity; mean rainfall; and mean number ofraindays. Data
accumulated from 1914 to 2004. Data last modified 16 Aug. 04. (BOM 2005).
Month

Jan.
Feb.
Mar.
Apr.

Mean daily
temperature (OC)

Relative
humidity
at9a.m.

Mean
monthly
rainfall
(mm)

Mean
number of
raindays

Max.

Min.

(%)

32

24

85

446.9

31.4

24

87

442.9

21

21.8

31.7

23.6

84

352.9

20.2

32

22.6

80

108.4

9.9

May

31.6

21.3

78

15.8

3.4

Jun.
Jul.
Aug.
Sep.
Oct.
Nov.
Dec.

30.6

19.6

77

4.3

1.6

30.5

18.9

1.7

1.1

31.6

18.8

77
73

33.3
. 34.8

20

68

5.5

1.1

21.4

66

26.7

2.6

34.7

23.2

8.1

23.9

70
78

105.9

33.3

263.9

· 1s:s

2.6
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Table S. Summary of data showing total numbers and percentages for: nests depredated by each predator
species; nests flooded; and nests surviving for 10 weeks after initial oviposition.

Marine turtle surveyed nest sites (n = 254)

Turtle Egg Predator Species
Feral Pig
Dingo
Goanna
Human

Vehicle
Damage

Flooded
Nest
Sites

Survived
Incubation
Period

No. of nests

179

14

6

6

0

2

47

% total nests*

70.47%

5.51%

2.36%

2.36%

0%

0.79%

18.51%

* expressed as a% of all turtle nests surveyed.

Table 6. Summary of data showing the numbers and percentages for: nests depredated by each predator species;
nests flooded; and nests surviving a 10 week period after initial oviposition for Natator depressus and

Lepidochelys oUvacea
N. d'-ll.ressus syrvei!ld nest sites: n = 226 (88.97% of all nests surve):ed}.

L ·olivacea surveyed nest sites: n = 28 (11.02% of all nests surve):ed)
Vehicle
Damage

Flooded
Nest
Sites

Survived
Incubation
Period

Feral Pig

Predator S(!ecies
Dingo
Goanna

158.
69.92%

10
4.43%

6

6

2.65%

2.65%

0
0%

2
0.88%

44
19.47%

21
75.00%

4
14.28%

0
0%

0
0%

0
0%

0
0%

3
10.72%

Human

N. deeressus:
No. of nests
%ofnests*

L olivacea:
No. of nests
%of nests*

* expressed as a% of turtle nests surveyed for each species.
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Table 7. Calculations for at-test of significance to determine if predator species display a preference in

nest depredation between marine turtle species.

No. of turtle nests.
N. depressus

L. olivacea

Pig

Dingo

Go anna

Human

Flooded

Survived

Total obs.

158
21

10
4

6
0

6
0

2
0

44

226
28

Pi~

Dingo

Goanna

Human

Flooded

Survived

4.40%
14.30%

2.70%
0.00%

2.70%
0.00%

0.90%
0.00%

19.500/o
10.70%

6.80%
9.90%
254
1.46023
n.p.

1.10%
2.70%
254
2.482667

1.10%
2.70%
254
2.482667
n.p.

3

254
fer£enta&e of turtle nests.
N. depressus
69.90%
L. olivacea
75.00%

S.E.

8.70%
5.10%
254
Tvalue 0.582649
Pro b.
0.28

Difference
Number

n.p.

6.40%
0.60%
8.80%
0.90%
254
254
1.420513 1.365549
not
not
aeelicable a:eelicable

Note: Significance. has been taken at the 0.05level.
n.p. : 'no probability'- indicates tests which are not calculated due to cell values
beina less than 5.
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Table 8. Summary of data from an ecological impact assessment of feral pig egg predation in marine turtle
nesting habitat on the west coast of Cape York Peninsula between May 2004 and April 2005 showing: the
dates of each survey; the number of nests laid; the number and percentage of nests depredated by feral pigs
within I 0 weeks after initial ovaposition for Natator depressus and Lepidochelys olivacea.

Natator depressus

Lepidochelys olivacea

Date
or
Survey

No.
of nests
laid

No.
of nests
predated
bv oie:s

%of nests
predated
by pigs

6-May-04
13-May-04

1
I

20-May-04
6-Jun-04
10-Jun-04
17-Jun-04
23-Jun-04
1-Jl.il-04

2
3
3
2
6
3

1
I
2

100%
100%
100%
100%
66.70%
100%
83.30%
100%

6-Jul-04
29-Jul-04
4-Aug-04
12-Aug-04

8
17
23

18-Aug-04
26-Aug-04
2.Sep-04

3
2
2

s
3

13

0%
100%
0%
66.70%
100%
100%
100%
0%

0
1
0
4
2

0%
100%
0%
80%
100%

3

60%

4

3

75%

83.30%
87.50%

0
0

0
0

0%
0%

84.60%

11

%of nests
predated
by pigs

0
1
0
2
2
1
2
0

75%
85.70%
76.90%

6
10

Number.
of nests
predated
bvoie:s

of nests
aid

100%
70.60%
65.20%

7
12
15
12

16
7
13

IN umber

0
I
0
3
2
I
2
0

1
1
1

s
2
5

9-Sep-04
I6.Sep-04

6
8

5
7

30-Sep-04

24

19

79.20%

0

0

0%

7-0ct-04
14-0ct-04
21-0ct-04
28-0ct-04
4-Nov-04
. 14-Nov-04

16
6

10
2

0
0

13
8
11

6
2
4

0
0
0

0
0
0
0
0

0%
0%
0%

7

s

62.50%
33.30%
46.10%
25%
36.40%
71.40%

21-Nov-04

2

2

100%

0
0

0
0

25-Nov-04

0
3

0
2

0

0

0

0

1
3

l

0%
66.70%
100%

0%
0%
0%

0

0

0%
0%

1

33.30%

0

0

0%

0

0%
0%
0%

0
0
0

0
0
0

0%
0%

2-Dec-04
8-Dec-0416-Dec-04
20-Jan-05
27-J~n-05

0
0

0%
0%

3-Feb-05

0

0
0

10-Feb-05

0

0

0%

0

0

0%

0%

17-Feb-05

0

0

0%

0

0

0%

23-Feb-OS

0

0

0%

0

0

0%

3-Mar-05

0

0

0%

0

0

0%

10-Mar-05

0
0

0

0%
0%

b

0

0%

0

0

0%

0
0
0
0
0
226

0
0
0
0.
0
158

0"/o
0%
0%
0%
0%

0
0
0
0
0

0
0

0

0%
0%
0%

0
0

0%
0%

69.91"/o

28

17-Mar-05
23-Mar-05
31-Mar-05
7-Apr-05
14-Apr-05
21-Apr-05

Total

0

I

I
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Table 9. Summary of data showing the number of nests laid and the percentage of nests
depredated by feral pigs within 10 weeks after initial oviposition in each nesting location for
Natator depressus and Lepidochelys olivacea.

N. depressus surveyed nest sites (n ""'226)
L. olivacea surveved nest sites (n = 28)
Under/Near trees

Nest Locations.
Open Beach
In Fringing Dunes

N. del!_ressus
No. ofnests laid
%of nests laid*

6
2.65%

97
42.92%

123
54.43%

No. of nests depredated by pigs
%of nests deEredated b~ Ei~**

5
83.33%

60
61.85%

93
75.61%

*expressed as% of N. depressus nests:
**expressed as% of N. depressus nests in each location.

L olivacea ·
No. of nests laid
%of nests laid*
No. of nests depredated by pigs
%of nests deEredated b;r Ei~**

3
10.72%

24
85.71%

3.57%

3
100%

18
75.00%

0
0%

*expressed as o/o of L. olivacea nests.
**expressed as% of L. o/ivacea nests in each location.

Table 10. Calculations for at-test of significance to determine if feral pigs display a preference in
nest depredation between marine turtle species at different nesting locations.

Under/near trees

No. of nests de(!redated hl: feral(!i~s.
N. depressus
L. olivacea
Percentage of nests de(!redated bl: ferall!i&s.
N. depressus
L. olivacea

S.E.
Difference
Number
Tvalue
Pro b.

Nest Locations.
Open beach

Fringing dunes

5
3

60
18

93
0

83%
100%

62%
75%

76%
0%

15.20%
16.700..4
9
1.095445
n.p.

10.10%
13.10%
121
1.298626
0.1

3.90%
75.60%
124
19.526905.
n.p.

Note: Significance has been taken at the 0.05 level.
n.p. : 'no probability; - indicates tests which are not calculated due to cell values being less than S.
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Table 11. Summary of data showing the number and the percentage of nests depredated by feral pigs each week
for a 10 week period after initial oviposition for Natator depressus and Lepidochelys olivacea.

N. denressus ·surve~ed nest sites (n == 226}.
L. olivacea survel::ed nest sites (n = 28}.
Weeks after ovi~osition
4th
5th
6th

1st

2nd

3rd

N. depressus.
No. of nests predated.
% of nests predated.*

89
56.33%

21

13.290/o

17
10.76%

6.96%

8
5.03%

L. olivacea.
No. of nests predated.
% of nests predated.*

15
71.43%

2
9.53%

0
0%

4.76%

0
0%

11

7th

8th

9th

lOth

9
5.70%

3
1.90%

0
0%

0
0%

0
0%

2
9.52%

4.76%

0
0%

0
0%

0
0%

• exEressed as a% of turtle nests surv~ed for each s~cies.

Table 12. Calculations for at-test of significance to determine if the proportion of nests depredated by pigs is
different between each turtle species, by weeks after oviposition.

No. of nests
denredated b~ aigs.
N. depressus

L. olivacea ·

1st

2nd

89
I5

21
2

Week after ovinosition
3rd
4th
5th

17
0

11
I

8
0

6th

7th

Totalobs.

9
2

3
I

158
21

179
Percentage of nests
depredated by aigs.

N. depressus
L. olivacea
S.E.
Difference

Number
Tvalue
Prob

1st

2nd

3rd

4th

5th

6th

7th

56.30%
71.40%

13.300/o
9.50%

10.80%
o:oo%

7.00%
4.80%

5.10%
0.00%

5.70%
9.50%

1.90%
4.80%

10.60%
15.10%
179
1.422

7.00%
3.80%
179
0.5419

2.50%
10.80%
I79
4.3646

5.10%
2.20%.
179
0.434

1.70%
5.10%
179
2.9029

6.70%
3.80%
179
0.5742

4.80%
2.90%
179
0.6

0.12

n.p.

n.p.

n.p.

n.p.

n.p.

n.p.

Note: Significance has been taken at the 0.05 leveL
n.p. : 'no probability'- indicates tests which are not calculated due to cell values being leSs than S.

Page SO

Study
Area

Study
Area

Duyfken

Point

4

Map Scale1:300 000
0
4'
8km

Figure 1. Maps showing the location of the study area surveyed for an ecological impact assessment of feral

pig egg predation. in marine turtle nesting habitat on the west coast of Cape York Peninsula. Queensland,
between May 2004 and April 2005.
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Figure 2. Graph showing the number of nests laid and the number of nests depredated by feral pigs within 10
weeks after initial oviposition for Natator depressus for each survey date.
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Figure 3. Graph showing the percentage of Natator depressus nests depredated by feral
pigs within a 10 week period after initial oviposition for each survey date.
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Figure 4. Graph showing the number of nests laid and the number of nests depredated
by feral pigs within 10 weeks after initial oviposition for Lepidochelys olivacea for each
survey date.
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Figure 5. Graph showing the percentage of Lepidochelys olivacea nests depredated by
feral pigs within a 10 week period after initial oviposition for each survey date.
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Figure 6. Graph showing the number and the percentage ofNatator depressus nests
depredated by feral pigs each week for a 10 week period after initial oviposition.
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Figure 7. Graph showing the number and the percentage of Lepidochelys olivacea nests depredated
by feral pigs each week for a 10 week period afterinitial oviposition.

John Doh«<y. Miller of Tropical Envlronrmolal Man~goment • Thm Charte. DIIWfn UniVenltr

Page67

Gulf

Of
Carpentaria

Duyfken Point

Albatross Bay

Legend

N
X

Coastline.
Turtle Nest Site.

N

A

2

Map Scale 1: 2ZO ooo
Q
2
4
6

10 Kilometres

~~5-~~5-~~~-~~1

Figure 8. Map of study area between Pennefather River and Duyfken Point, showing distribution of all
marine turtle nest sites surveyed from May 2004 to April 2005.
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Figure 9. Map of study area between Pennefather River and Duyfken Point, showing distribution of all
marine turtle nest sites surveyed from May 2004 to April 2005, which were depredated by feral pigs within
10 weeks after initial oviposition.
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· · Figllre 10. Map of study area between Pennefather River and Duyfken Point, showing distribution of Natator
depressus nest sites surveyed from May 2004 to Apiil2005.
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Figurt 11. Map of study area between Pennefather River and Duyfken Point, showing distribution of Natator
depressus nest sites surveyed from May 2004 to April2005, which were depredated by feral pigs within 10
weeks after initial oviposition.
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Figure 12. Map of study area between Pennefather River and Duyfken Point, showing distribution of
Lepidochelys olivacea nest sites surveyed from May 2004 to April 2005.
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Figure 13. Map of study area between Pennefather River and Duyfken Point, showing distribution of
Lepidochelys olivacea nest sites surveyed from May 2004 to April 2005, which were depredated by feral pigs
within 10 weeks after initial oviposition.
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APPENDIXL

Pro forma field-data sheets used for the ecological impact assessment of feral pig egg predation in

marine turtle nesting habitat on the west coast of Cape York Peninsula between May 2004 and April
2005.

•
•
•

•
•

•
•
•
•

•

•
•
•

John Doherty.

Date of survey.
Track width (mm).
Track type:
a. symmetrical (breast-stroke type).
b. asymmetriCal (alternating type).
Tail drag marks.
Nest location:
a. latitude.
b. longitude.
Way point ID number.
Track photo image nwnber.
Turtle species.
Nesting location on beach:
a. under or near fringing trees/shrubs.
b. open sand.
c. in frontal dunes.
Nest condition:
a. depredated (egg chamber excavated by predator).
b. intact (intact nests were re-located each subsequent survey).
Dates of subsequent weekly survey when intact nest was re-evaluated.
Date of subsequent weekly survey when nest depredated.
Species ofpredator:.
a. feral pig.
b. goanna.
c. dingo.
d. human.
e. other: (vehicles, flooding etc.).
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