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ABSTRACT 
 

The Northern Long-necked turtle Chelodina oblonga is considered 

Near Threatened under IUCN Red List criteria. In the Finniss River 

floodplain, the species is considered a potential source of protein for 

indigenous communities, which expressed concerns about the health 

and condition of the Northern Long-necked turtle. From May to 

October 2018, 15 areas were surveyed and 21 dead individuals were 

collected. The smallest and largest animals observed had carapace 

lengths of 121 mm and 253 mm, respectively. In September 

traditional owners from Bulgul community harvested four individuals 

and samples from fat, muscle and liver were collected for analysis. A 

map of distribution was created. Comprehensive literature review and 

interviews with traditional owners and turtle specialists identified the 

threats related to the species. Pig, climate change and fire were 

ranked as the most severe hazards to C. oblonga. A qualitative 

assessment proposed 22 predictions that described all the threats. 

Levels of heavy metals in fat, muscle and liver, were analysed and 

revealed high concentration of Cu (liver = 33.1 mg/kg; muscle = 2.99 

mg/kg), Pb (muscle = 0.35 mg/kg) and Zn (liver = 51.3 mg/kg; muscle 

171 mk/kg and fat = 9.6 mg/kg) according to the WHO/FAO and Gel 

guidelines (maximum level Cu = 0.4 mg/kg, Pb = 0.3 mg/kg and Zn = 

5 mg/kg). Mercury analysis reported high Hg concentration in keratin 

tissues in four individuals (421.3 ng/g; 828.2 ng/g; 1656.5 ng/g and 

2409.9 ng/g) (WHO/FAO Hg maximum level for safe consumption = 

500 ng/g). The threats and knowledge gaps identified on this study 

have the potential to guide future management actions for the C. 

oblonga populations in the Finniss River floodplain. 
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1. Introduction 

Across the Northern Territory, the Northern Long-necked turtle 

(Chelodina oblonga, Family Chelidae, Figure 1) occurs in lowland 

waterways, billabongs, and seasonal wetlands on coastal floodplains 

(Cann and Sadlier 2017). It attains high densities from Princess 

Charlotte Bay in the east to the Victoria River in the west (Cogger 

2000). The species is also found in the Fly delta of New Guinea, from 

Balimo in Papua New Guinea to Merauke in Western Papua 

(Georges et al. 2006). This species can be divided in two lineages. 

The eastern lineage extends from the MacArthur River in the Gulf of 

Carpentaria to Cape York of Queensland and includes specimens 

from southern New Guinea.  The western lineage, occurs on the 

lowland regions of the Northern Territory, extending from the East 

Alligator to Roper River drainage basins (Alacs 2008). My study 

focus on western lineage populations. 

 The species was assessed as Near Threatened by the IUCN 

Red List (Lau 2006) due to the increasing threat from feral pigs. 

Although it is not listed on CITES, C. oblonga is currently protected 

under both state and federal legislation which prohibits the taking and 

killing of native wildlife by all except Aboriginal people and Torres 

Strait Islanders (Kennett et al. 2014). 

 Chelodina oblonga is primarily carnivorous and it feeds chiefly 

on crustaceans, fish, tadpoles, frogs and aquatic insects (Cann and 

Sadlier 2017). In the flooded wetlands near Darwin, they feed on a 

range of aquatic vertebrates and fish during the wet season. 

However, its diet composition shifts during the dry season, when it 

feeds predominately on fish, probably due to the increased fish 

availability, as water levels recede (Kennett and Tory 1996). This 

species usually aestivates in the end of dry season from September 

to December, by burying themselves beneath the ground (Kennett 

and Christian 1994).  
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 Chelodina oblonga is considered a important source of protein 

for indigenous communities living near floodplains, particularly during 

the dry season, when it aestivates. Similar to other aquatic species, 

turtles are traditionally targeted for hunting when they are known to 

be ‘fat’, with ‘skinny’ animals sometimes rejected and returned to the 

water (Woodward et al. 2012). Temporal and spatial harvesting 

patterns change seasonally, following environmental indicators 

(Woodward et al. 2012). These seasonal shifts in harvesting 

strategies often reflects the degree of fat in the species concerned 

(Altman 1987; Rouja et al. 2003).  

	
Figure 1. The Northern Long-necked turtle, Chelodina oblonga (Photo: Isabel Ely, 
2018). 

 In the past five years, traditional owners from the Finniss River 

floodplain have expressed concerns about the health and condition 

of the Northern Long-necked turtle, which is considered one of their 

key traditional food. There are anecdotal reports on a high number of 

turtles observed dead or in poor health condition and lower fat 

content over the floodplains. Decline in harvest rates of C. oblonga 

were also reported previously in traditional harvesting sites at 
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Borroloola region, located on the McArthur River (Barker 1993). Such 

declines in harvest returns for effort and overall yields are of a 

cultural concern for Aboriginal people. The customary harvesting and 

the preparation of traditional foods are important for cultural 

expression, providing a vital avenue for the generational transfer of 

cultural knowledge (Altman et al. 1996; Freeman 1997). 

 High adult survivorship is viewed as crucial for long-term 

population stability in freshwater turtles (Crouse et al. 1987; Heppell 

1998; Congdon et al. 2001; Fordham et al. 2006). Australian turtles 

are resilient to high levels of nest predation for sustained periods as 

long as there are periodic levels of reduced nest predation and pulse 

recruitment. However, high levels of adult mortality can drive 

populations to extinction  (Spencer et al. 2017). Turtles tend to have 

life history strategies characterised by low juvenile survivorship, 

delayed maturity and high adult survivorship (Brooks et al. 1991). A 

small reduction in adult survivorship over time can lead to population 

decline (Heppell & Crowder, 1996; Spencer & Thompson, 2005; 

Fordham et al., 2006).  

 The causes of C. oblonga current mortality and decline in 

health are unknown. The possible causes include environmental 

factors and the presence of introduced species in the catchment. 

High densities of exotic animals like pigs (Sus scrofa), buffalos 

(Bubalus bubalis) and cattle (Bos taurus) can damage C. oblonga 

habitat. Aestivating turtles and nests are also impacted directly by 

trampling and pig predation (Barker 1993; Robinson et al. 2005). 

Pigs, buffalo and cattle have a devastating impact on ephemeral 

wetlands in northern Australia (Bowman and Panton 1991; 

Mulrennan and Woodroffe 1998). Cane toads might also be a serious 

threat during the early dry season. Given C. oblonga carnivorous diet 

(Kennett and Tory 1996), the turtles could be potentially poisoned by 

eating the cane toad eggs, tadpoles and metamorphs, which has 

similar high levels of toxins as the adults (Smith and Phillips 2006). 
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Climate change should also be considered as a possible threat to C. 

oblonga. According to Chessman et al. (2011), it is important to 

understand the interactions between climate change and other 

threats to inform effective conservation for this group. 

 It is also important to consider the mining history of the Finniss 

catchment (Mudd and Patterson 2010). Water pollution should be 

considered as a potential cause of decline on aquatic species health. 

Beginning in August 1945, the Australian Government vigorously 

promoted uranium prospecting through the country (Mudd and 

Patterson 2010). After a difficult construction period, including 

switching from underground to open cut mining, the Rum Jungle 

mine operated under contract by Consolidated Zinc (ConZinc, later to 

become CRA Ltd, now Rio Tinto Ltd) was officially opened and 

produced its first uranium oxide (U3O8) in September 1954 (Cawte 

1992). From 1954 to 1961, about 1 million L/day of liquid effluent was 

discharged into the Finniss River, containing acids (pH 1.5), metals 

and radionuclides (Davy 1975). The scale of the problem was 

identified by the late 1950’s but was ignored for political reasons 

(Lichaz and Myers 1977). After Rum Jungle mine closure in 1971, no 

major works were undertaken to reduce pollution and by the mid-

1970’s the project was infamous for its extreme pollution, such as the 

absence of all biota for 15 km down the Finniss River and 

contamination of 100 km2 of floodplains (Davy 1975). From 1982 to 

1986, the Australian government conducted major rehabilitation 

works, costing approximately $18.6 million (Richards et al. 1996). 

The primary rehabilitation objectives were the reduction of pollution 

loads and public health hazards in the Finniss River as well as 

aesthetic improvements and revegetation (Allen and Verhoeven 

1986).  

 The biodiversity in the Finniss River had been monitored since 

the 1970’s, mainly through fish diversity and abundance surveys and 

macroinvertebrate species and diversity studies (Mudd and Patterson 
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2010). Biodiversity surveys prior to rehabilitation efforts established 

that the Finniss River was largely devoid of biota, with the first flush 

of wet season rains being particularly polluting (Mudd and Patterson 

2010). Following rehabilitation works, various biodiversity surveys 

have established a return of biota to the East Branch, with apparently 

lower overall bioavailable metal loads (Mudd and Patterson 2010). 

Although biodiversity surveys suggest some measure of success, 

this has to be moderated with the significant physical and chemical 

evidence of ongoing pollutant generation and release (Mudd and 

Patterson 2010). Groundwater remains heavily contaminated and it is 

very likely to be contributing to major pollutant loads in surface 

waters. Furthermore, pollutant loads into the Finniss River can be 

expected to intensify in the future as waste rock dump infiltration is 

increasing (Mudd and Patterson 2010).  

 Heavy metals contamination can cause severe damage to 

wildlife (Belskii et al. 2005; Márquez-Ferrando et al. 2009). Lead (Pb) 

can affect the survivorship of waterfowls (Sileo et al. 2001), while 

high levels of Pb, cadmium (Cd), copper (Cu) and zinc (Zn) resulted 

in reproductive failure in pied-flycatchers (Belskii et al. 2005). High 

levels of mercury (Hg) are known to suppress immune functions in 

sea turtles (Day et al. 2007). Even low levels of heavy metals are 

associated with a metabolic increase in snakes (Hopkins et al. 1999) 

and amphibians (Rowe et al. 1998), which can indirectly affect their 

reproduction and survivorship (Nagle et al. 2001). Recent research 

on copper ecotoxicity on black-banded rainbow fish (Melanotaenia 

nigrans) from the Finniss River suggested that this species evolved 

an increased tolerance to Cu, which still leaches from the mine site 

(Gale et al. 2003). However, the fact that fish had adapted to higher 

Cu concentrations should not be interpreted as an indication of a 

healthy ecosystem. 

 Information on heavy metals contamination in turtles is 

particularly relevant in places where they are consumed by the local 
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people. According to Scheneider et al. (2010), the reported high 

levels of mercury in chelonians in the Amazon basin of Brazil could 

pose a potential health risk to humans. Furthermore, turtles possess 

several advantages as biomonitors of environmental contamination 

compared to many other species. They are widely distributed, occupy 

a variety of habitats and have sufficient tissue mass for multiple 

endpoint measurements (Da Silveira et al. 2008; Schneider et al. 

2010). Their long life spans also allow monitoring of long-term trends 

of environmental pollutants (Meyers-Schöne et al. 1993).  

  This study will help to address concerns that Indigenous 

people in the Finniss catchment of the Northern Territory have about 

health and condition of one of their key traditional foods, the Northern 

Long-necked Turtle. I will conduct a threat assessment and examine 

the levels of mortality and heavy metal concentration along key turtle 

harvest grounds in the Finniss River catchment. 
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2. Research aim and objectives 

Aim: to assess the threats to Chelodina oblonga population on the 

Finniss River floodplain and examine the levels of turtle mortality and 

heavy metal concentration along key harvest grounds in the Finniss 

River catchment. 

Objectives 

• Map the presence of live and dead C. oblonga along key harvest 

grounds in the Finniss River floodplain; 

• Examine the levels of heavy metal contamination of dead and 

harvested turtles along key indigenous harvest grounds in the 

Finniss River catchment;  

• Identify the main treats to C. oblonga in the Finniss River 

catchment through direct observation and consultations with turtle 

specialists and Finniss River traditional owners; 

• Conduct a critical literature review about the possible threats to C. 

oblonga in the Finniss River catchment; 

• Develop a qualitative assessment proposing predictions that 

describes the threats to C. oblonga in the Finniss River 

catchment.  
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3. Methods 
	
3.1. Study area 

 The Finniss River floodplain is located approximately 70 km 

south of Darwin and flows generally westwards, discharging to the 

Timor Sea via Fog Bay (Figure 2). The climate is clearly demarcated 

into wet (December to April) and dry (May to December) seasons  

(Australia Bureau of Meteorology 1975). In the dry season, the 

Finniss River is reduced to a series of long still pools of 

approximately three meters deep which are connected by shallower 

sections (Jeffree and Williams 1980).  

 The Finniss River coastal floodplain is an important site for 

indigenous groups and the land primarily supports indigenous uses.   

The land is largely owned by the Delissaville, Wagait, and Larrakia 

Aboriginal Land Trust as Aboriginal freehold land. Pastoral 

operations, horticulture, and recreation activities are also important in 

this region  (DIWA 2018).  The river supports very large aggregations 

of waterbirds (Chatto 2006), and is a breeding site for saltwater 

crocodiles and freshwater turtles (Fukuda et al. 2008). Six threatened 

species are reported from this site: one species of plant, four species 

of bird and one species of lizard (DIWA 2018).  

 The Finniss River Coastal floodplain is considered a site of 

conservation significance in the Northern Territory (NRETAS 2009) 

Weed invasion and feral animals are considered the two major 

management issues in the Finniss River coastal floodplain (DIWA 

2018). Water contamination is also considered an issue in some 

areas. In 1971, the mining and processing of copper and uranium 

deposits in the Finniss River catchment ceased after 20 years of 

operations (Lowson 1975). Direct biological observations on the 

fauna and on the water chemistry designated the Finniss River within 

polluted and unpolluted zones (Jeffree and Williams 1980).    
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Figure 2. The Finniss River floodplain (Adapted from Barber et al. 2018). 

 
3.2. Survey Method 

 Three key indigenous turtle harvest grounds along the Finniss 

River were surveyed: (1) Iron Stone, (2) Bulgul Aboriginal 

Community, (3) Twin Hill Station (Figure 4). These are areas where 

stakeholders expressed their interest in the Northern Long-necked 

Turtle threat assessment survey. I also surveyed two areas outside 

the Finniss River catchment as control groups: (4) Labelle Station 

(Reynolds River; Figure 4) and (5) Knuckeys wetland system 

(Knuckey Lagoons Conservation Reserve, near Darwin). The areas 

were surveyed from June to October during the 2018 dry season. 

The GPS location of turtles was recorded. When the animal was 

dead, I measured linear maximum carapace length using a calliper 

(0.05 mm precision). Where possible, the sex of the animal was 

identified. 
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The survey method consisted of visually searching for dead 

turtles at 15 sites (Eight sites in Twin Hill, four in Bulgul and one in 

Iron Stone). Each site was surveyed once. We also accompanied 

traditional owners during five harvesting expeditions (three in Twin 

Hill, one in Iron Stone and one in Bulgul), while they were searching 

for turtles in known habitat. The methods used by traditional owners 

to harvest turtles were (1) probing the ground on the dried floodplain 

for aestivating animals, (2) using fishing line in the main channel of 

the Finniss River and lagoons, with small fish as bait.   

I created a Finniss River Floodplain map (Figure 4) 

highlighting the surveyed areas and location of dead and harvested 

C. oblonga using Google Earth 7.3.2.5495, ArcGIS Explorer Desktop 

3400 and Adobe Photoshop 7.0.1.  

 

3.3. Toxicology analysis 

 3.3.1. Muscle, fat and liver analysis 

Concentration levels of Cr, Mn, Fe, Co, Ni, Cu, Zn, Ag, Cd and 

Pb were tested in all harvested C. oblonga. The turtle tissues were 

collected immediately after animals were killed for consumption. 

Tissues were dried and digested in nitric acid and hydrogen 

peroxide. Elemental concentrations were determined by ICP-MS 

(Inductively coupled plasma mass spectrometry). Muscle, fat and 

liver tissue samples of approximately 200 mg were collected from 

each individual. Samples were labelled, stored in plastic bags, and 

refrigerated until analysis 8 hours later at the Charles Darwin 

University Environmental Chemistry and Microbiology Laboratory.  

At commencement of the digestion process approximately 200 

mg of dried tissue was placed into a beaker, then 5 mL of HNO3 
(nitric acid) (Unipure) was added and left at room temperature for 

seven minutes, keeping lids on at all times. Beakers were placed on 
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the sandbath for 45 minutes. The hotplate was turned down to 250ºC 

to boil the HNO3 at 135º C. Beakers were removed from sandbath 

and allowed to cool for 5 min. We added 2 mL of H2O2 (hydrogen 

peroxide) (AnalR), placing on sandbath for 30min and allowing to 

cool with the lids on. Solution was transferred to 50 mL falcon tubes 

and made up to 40mL with HPWater. The solution was mixed well 

and allowed to settle, then transferred to a 15 mL vial and analysed.   

 

 3.3.2. Mercury analyses of keratin and skin samples 

 Keratin and skin samples were collected from C. oblonga 

found dead. A stainless steel biopsy tool was used to scrape the 

epidermis layer from the outermost edge of the scutes. The material 

was sealed in labelled plastic bags and transported to the 

Palaeoworks Laboratory, University of Canberra (ACT, Australia). In 

the laboratory, keratin samples were ultrasonicated in Milli-Q water 

(Millipore Corporation) to remove surface dirt. Keratin samples were 

stored in a clean glass vial and covered with parafilm and placed on 

a FreeZone Plus 6 freeze-drier (Labconco, Kansas City, MO) and 

lyophilized at -50 ºC for 48 hours. 

 After weighing approximately 100 mg sample cores were 

placed in nickel sample boats to be placed in the instrument. For 

every 10 samples, a blank was analysed. Total Hg concentration was 

determined by thermal decomposition, amalgamation, and atomic 

absorption spectrometry using a Milestone Direct Mercury Analyser 

(DMA-80 Tri-cell; Milestone, Bergamo, Italy) using the USEPA 

method 7473 (USEPA, 1998). Keratin samples were heated up to 

200 °C (drying temperature) for 10 s and 700 °C for 180 s to allow Hg 

reduction and volatilisation. Oxygen (99.99%) was used as 

combustion and carrier gas. Mercury and combustion gases were 

flushed through the catalyst, where interferents like halogen 

compounds, nitrogen oxides and sulfur oxides are retained. Hg (0) 

was then selectively trapped in the amalgamator while combustion 
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gases were removed from the detection cell. Mercury was released 

from the amalgamator by heating at 850 °C for 3 s and carried to the 

detector, where the absorbance from the radiation emitted by a 

mercury lamp is measured at 253.7 nm for three optic path lengths.  

 A replica was run for every 10 samples with a 10% recovery 

accepted. Calibration verification was done daily using certified 

standard reference materials. For each DMA-80 run, two blanks were 

analysed prior and after two NIST standard reference material (NIST 

1515 and NIST 2646a). Sample analyses were not carried out unless 

the Hg recovery values of NIST reference materials were within 10% 

of the certified values. Replica recoveries were within 10% range 

from the original sample. Total Hg was calculated from the weight of 

the sample (g) and the amount of Hg measured (ng), and is reported 

as ng/g. 

 

3.4. Threat Assessment 

 Traditional owners who live or work in the comunities of Twin 

Hill, Bulgul and Iron Stone were identified during the first Territory 

Natural Resources Management (TNRM) Finniss River Catchment 

stakeholders meeting in August 2018. From September to October, 

2018, I visited the three areas (Twin Hill, Bulgul and Iron Stone) 

aiming to infer threats to population of C. oblonga according to local 

knowledge.  

 Relevant sites were visited accompanied by the traditional 

owners and threats were identified by direct observation. I also 

requested each group (Twin Hill, Bulgul and Iron Stone) to rank the 

main threats to C. oblonga populations in the Finniss River 

floodplains, using a modified version of the diagram used by 

Eisemberg et al. (2016) (Figure 3). Questions were solely related to 

C. oblonga population health and threats in the Finniss River 

Catchment. No personal information on the interview was collected. 
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Figure 3. Diagram used by traditional owners and turtles specialists to rank the 
threats to C. oblonga population in the Finniss River (Adapted from Eisemberg et 
al. 2016). 

 Eight international, national and local freshwater turtle 

specialists were selected for consultation, which was conducted via 

video conference, phone call, eletronic mail and/or personal meeting. 

A copy of the research proposal was provided to the specialists via 

electronic mail prior to the interview. Specialists were also requested 

to rank the main threats to C. oblonga in the Finniss River, using the 

threats diagram (Figure 3) as a reference.  

 While using the diagram, traditional owners and specialists 

were requested to rank downward the threats, giving the highest 

values to the factors that they considered the highest treats. A factor 

present on the diagram was given a value of zero, if it was not 

considered a threat. The average of the ranks for each threat was 

used to plot the overall perception of threat for traditional owners and 

specialists separately.   
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 A review of the literature on threats to freshwater turtles in 

floodplains was undertaken. I conducted a systematic literature 

review with the guidance of the eight freshwater turtle specialists to 

identify the most relevant articles to include in this study. To 

conclude, I combined the literature review, the direct observation 

data and the specialist and traditional owner opinions to propose a 

conceptual model for the overall threats to C. oblonga in the Finniss 

River floodplain, using a framework adapted from King et al. (2015). 
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4. Results 

 From May to October 2018, 15 areas were surveyed along the 

Finniss River floodplain (Table 1). Of the 25 Northern Long-necked 

turtles observed, 21 were found dead at Twin Hill (n = 15), Bulgul (n 

= 1) and Ironstone (n = 1) and at the control areas of Labelle (n = 2), 

and Knukey (n = 2). In September, four aestivating individuals were 

harvested by traditional owners in Bulgul. The 15 dead C. oblonga 

from Twin Hill were observed in four dry floodplain areas: TH2 (n = 

3), TH5 (n = 1), TH6 (n = 3) and TH7 (n = 2) (Figure 4). In Bulgul, a 

dead animal was found at BG2, one large aestivating turtle was 

found in BG1, and the remaining three aestivating turtles were found 

in BG3 (Figure 5). Fat, liver and muscle samples of these four 

harvested turtles were analysed for metal concentrations. Keratin 

samples from the carapace of 21 dead turtles and skin samples of 

five dead turtles were also extracted for mercury analysis (Table 1).  

 The smallest and largest animals observed had maximum 

linear carapace lengths of 121 mm and 253 mm, respectively. Only 

33% of dead turtles were juveniles (< 165 mm) and 66% were adults 

(≥ 165 mm), according to the size distribution for this species in the 

region (Kennett et al. 2014) (Figure 6). It was not possible to 

determine the sex of dead individuals, however using the species 

size distribution (Kennett et al. 2014) it is possible to infer that only 6 

(28%) of the 21 dead turtles were big enough to be considered 

mature females (Figure 6). 38% had clear signs of pig predation. 
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Table 1. Locality, site location (Figure 4), animal condition (live or dead), date of 
observation, sample taken and maximum linear carapace length for the 25 C. 
oblonga observed. 

Turtle 

ID 
Local Location 

Live/ 

Dead 
Date Sample taken 

SCL 

(mm) 

1 Twin Hill TH5 dead 14-Jul Keratin 188 

2 Twin Hill TH6 dead 14-Jul Keratin 155 

3 Twin Hill TH6 dead 14-Jul Keratin, skin 188 

4 Twin Hill TH6 dead 14-Jul Keratin 172 

6 Twin Hill TH7 dead 14-Jul Keratin 179 

7 Twin Hill TH7 dead 14-Jul Keratin 160 

8 Twin Hill TH7 dead 14-Jul Keratin 176 

9 Twin Hill TH7 dead 14-Jul Keratin 174 

10 Twin Hill TH7 dead 14-Jul Keratin 135 

11 Twin Hill TH7 dead 14-Jul Keratin 162 

12 Twin Hill TH7 dead 14-Jul Keratin 121 

13 Twin Hill TH7 dead 14-Jul Keratin 147 

14 Twin Hill TH2 dead 30-May Keratin 208 

15 Twin Hill TH2 dead 30-May Keratin, skin 209 

16 Twin Hill TH2 dead 30-May Keratin, skin 185 

17 Ironstone IR1 dead 5-Sep Keratin 219 

18 Bulgul BG1 live 5-Sep Liver, muscle, fat 232 

19 Bulgul BG2 dead 12-Sep Keratin 130 

20 Bulgul BG3 live 12-Sep Liver, muscle, fat 187 

21 Bulgul BG3 live 12-Sep Liver, muscle, fat 152 

22 Bulgul BG3 live 12-Sep Liver, muscle, fat 143 

23 Labelle LB1 dead 28-Sep Keratin 237 

24 Knuckey Control dead 28-Sep Keratin, skin 223 

25 Labelle LB1 dead 28-Sep Keratin 182 

28 Knuckey Control dead 15-Oct Keratin, skin 253 
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Figure 4. Finniss River floodplain displaying the surveyed area and the localities where none, dead and live turtle were found : Twin Hill (TH1, 
TH2, TH3, TH4, TH5, TH6, TH7 and TH8), Bulgul (BG1, BG2, BG3 and BG4), Ironstone (IR1) and Labelle Station (LB1). 
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Figure 5. Chelodina oblonga found aestivating on mud in the area BG3, Bulgul (Photo: Isabel 
Ely, 2018). 

 
 
 

				 	
 

Figure 6. Size distribution of dead C. oblonga showing maximum linear carapace length in 
relation to the hatching and maturity size for females and males (according to Kennett et al. 
2014). 
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4.1. Toxicology analysis 

 4.1.1. Muscle, fat and liver analysis 
	
 Concentration levels of Cr, Mn, Fe, Co, Ni, Cu, Zn, Ag, Cd and Pb were 

tested for the four harvested turtles of Bulgul. New Zealand and Australians 

Guidelines for fish (muscle) were used as references to direct the 

interpretation of results, given that there is no guideline for turtles Table 2). 

The mean levels of Cu (= 33.1 mg/kg in liver; 2.99 mg/kg in muscle), Pb (= 

0.35 mg/kg in muscle) and Zn (= 51.4 mg/kg in liver; 171 mg/kg muscle; 9.6 

mg/kg in fat) revealed higher values than the maximum level recommended 

(ML) according to the World Health Organization and Food  (WHO/FAO) and 

Expected Levels (Gel) guidelines, which establish ML of Cu = 0.4 mg/kg, Pb = 

0.3 mg/kg and Zn = 5 mg/kg (Table 2).  

  Despite having a very high level of concentration in the liver, copper 

appeared high in only 58% of the samples. Lead was also slightly higher in 

muscle tissues according to WHO/FAO code. There is no information 

regarding to Cr, Mn, Fe, Co, Ni and Ag on the guidelines. I found lower levels 

of heavy metals to what has been previously described for Phrynops 

geoffroanus (Geoffroy’s Side-necked turtle) in Piracicaba River and 

Piracicamirin Creek in Brazil (Piña et al. 2009). I also found similar levels of 

Cu and Ni to what has been reported to Nematolosa erebi (Bony bream) and 

Neosilurus ater (Black catfish) from the Finniss River (Jeffree et al. 2014) but 

higher levels of Zn. 
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Table 2. Mean, standard deviation, maximum and minimum values of metal concentrations in liver, muscle and fat of Chelodina oblonga in Bulgul, Finniss River floodplain; 
and data from studies about a freshwater turtle  (Phrynops geofroanus) in Brazil, and two species of fishes (Nematolosa erebi and Neosilurus ater) in the Finniss River. 
Values in bold refers to C. oblonga and are higher than maximum level acceptable on the guidelines (WHO/FAO, Gel and AU/NZ Code). 

Metal Chelodina oblonga (Bulgul, Finniss River) Phrynops geoffroanus 
(Piracicaba River) 

Nematolosa erebi         
(Finniss River) 

Neosilurus ater 
(Finniss River) WHO 

/FAO* 
Gel 
** 

AU/NZ 
Code 

***  

PTWI 
**** 

mg/kg Liver Muscle Fat Blood  Liver Muscle Bone Liver Muscle Bone 

Cr 0.07 ± 0.1        
(0.03 - 0.10) 

0.58 ± 0.13   
(0.07 - 1.10) 

0.1 ± 0.01           
(0.02 - 0.11) 9 ± 2 < < < < < < < < < - 

Mn 2.09 ± 0.36      
(0.48 - 0.10) 

3.80 ± 0.68   
(0.86 - 7.42) 

0.27 ± 0.07         
(0.05 - 0.6) 40 ± 8 15.1 

±1.9  
15.9 
±1.5 

87.9 
±8.3  

13.7 
±1.4  

8.31 
±0.72  

80.8 
±6.2 < < < 68.6 

Fe 4608 ± 1329   
(1825 - 12582) 

342 ± 80.06                     
(33.4 - 783.2) 

61.4 ± 4.2           
(36.9 - 75.1) < < < < < < < < < < 392 

Co 0.10 ± 0.03      
(0.02 - 0.24) 

0.06 ± 0.01   
(0.01 - 0.10) 

0.008 ± 0.002   
(0.004 - 0.017) 16 ± 2 6.00 

±0.24 
0.22 

±0.04 
0.52 

±0.05  
6.10 

±0.24  
0.128 

±0.011 
0.56 

±0.05  < < < - 

Ni 0.05 ± 0.01      
(0.02 - 0.10) 

0.28 ± 0.05   
(0.13 - 0.43) 

0.05 ± 0.01         
(0.01 - 0.09) 56.6 ± 20 6.30 

±0.86  
0.51 

±0.05  
1.50 

±0.10  
6.04 

±0.72  
0.22 

±0.02  
1.46 

±0.12  < < < 2.45 

Cu 33.1 ± 10.8      
(2.51 - 94.6) 

2.99 ± 0.47   
(1.11 - 5.61) 

0.45 ± 0.05           
(0.3 - 0.77) 2,190 ± 450 33.1 

±5.4  
1.55 

±0.14 
1.41 

±0.09  
31.0 
±3.7  

0.71 
±0.06  

1.44 
±0.12  0.4 0.5 0.5 245 

Zn 51.3 ± 6.2        
(30.0 - 82.5) 

171 ± 12.17 
(107.1 - 211.4) 

9.6 ± 2.64             
(2.4 - 25.2) 1,616 ± 870 106 

±10 
20.4 
±1.7  

41.2 
±5.0  

119 
±10  

9.62 
±0.92  

44.6 
±4.1  < 5 < 490 

Ag 0.09 ± 0.01      
(0.04 - 0.12) 

0.02 ± 0.01   
(0.01 - 0.05) < < < < < < < < < < < - 

Cd 0.07 ± 0.01      
(0.03 - 0.11) 

0.13 ± 0.02   
(0.06 - 0.21) 

0.03 ± 0.002       
(0.02 - 0.03) 3.7 ± 1 < < < < < <  0.5 < < 0.49 

Pb 0.14 ± 0.03      
(0.06 - 0.31) 

0.35 ± 0.05   
(0.07 - 0.57) 

0.037 ± 0.005    
(0.017 - 0.06) 1,150 ± 260 1.67 

±0.12  < 0.71 
±0.08  

1.83 
±0.15  < 0.68 

±0.05  0.3 < < 1.75 

 *WHO/FAO: World Health Organisation/Food and Agriculture Organization Guideline 
 **Gel: Generally expected levels for metal contaminants guide  
 ***AU/NZ Food Standard Code 
 **** The World Health Organization (WHO) has established an a weekly maximum dosage of metal quantity limits from eating fishes, commonly known as 
 Provisional Table Weekly Intake (PTWI), per kg of body weight. The limits in this table are given in mg/person/week and were calculated for an average human body 
 weight of 70kg.  
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 4.1.2. Mercury analyses 
	
 Mercury concentration in keratin tissues ranged from 66.6 ng/g to 

421.3 ng/g in the population from the Finniss River floodplain (Table 3). Apart 

from turtle ID3 (= 421.3 ng/g), concentrations were below the WHO guidelines 

for fish consumption (= 400 ng/g). However, turtle ID14 (= 260.6 ng/g), 17 (= 

373.6 ng/g), 2 (400.4 ng/g) and 3 (= 421.3 ng/g) exceeded WHO guidelines 

for children and pregnant women (= 200 ng/g). Chelodina oblonga from the 

Finniss River had lower Hg concentration mean (= 181.2 ± 7.4 ng/g) than 

described by Schneider et al. (2011) for Podocnemis dumerilianus, P. 

expansa, P. unifilis and Chelus fimbriatus, but higher than P. sextuberculata 

and P. erythrocephala (Table 3). 

 Three individual from control group indicated extremely high levels of 

mercury concentration in the carapace. Turtle ID24 (Hg = 828 ng/g) and ID28 

(Hg = 1656.5 ng/g) were found in Knuckey Lagoon. Turtle ID23 (Hg = 2409.9 

ng/g) was collected in Labelle Station close to the Reynolds River and it may 

possibly have died because of high levels of mercury concentration. There is 

no available information about the possible sources of mercury in these two 

areas.  

 Skin samples taken from five turtles had Hg concentration lower than 

concentration found on carapaces (Table 3). Scutes form a series of nonliving 

keratin layers deposited one on the top of the other (Solomon et al. 1986). 

Mercury is deposited in a metabolically inactive keratin matrix or is bound in 

relatively immobile inorganic Hg complexes. Consequently, since Hg is very 

stable in non-living proteinaceous tissue (Burger and Gochfeld 2001; Day et 

al. 2007), the carapace presents higher concentration of Hg than skin.  
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Table 3. Mercury concentration in keratin tissues of 16 Chelodina oblonga from the Finniss 
River floodplain; two from Knuckey Lagoon; two from Labelle Station, and data reviewed of 
Hg concentration mean of six species of turtles in the Brazilian Amazon. Values in bold refers 
to high Hg concentration according to WHO/FAO guidelines. 

 
          Hg (ng/g) 

 Turtle ID Carapace Skin Local 
8 66.6  Finniss – Twin Hill 

4 78.6  Finniss – Twin Hill 

6 79.0  Finniss – Twin Hill 

9 90.2  Finniss – Twin Hill 

7 93.8  Finniss – Twin Hill 

11 103.8  Finniss – Twin Hill 

10 114.5  Finniss – Twin Hill 

1 130.8  Finniss – Twin Hill 

15 146.4 35.0 Finniss – Twin Hill 

12 160.9  Finniss – Twin Hill 

13 184.3  Finniss – Twin Hill 

16 195.7 81.8 Finniss – Twin Hill 

14 260.6  Finniss – Twin Hill 

17 373.6  Finniss – Ironstone 

25 374.6  Reynolds – Labelle (control) 

2 400.4  Finniss – Twin Hill 

3 421.3 69.2 Finniss – Twin Hill 

24 828.2 50.9 Knuckeys Lagoon (control) 

28 1656.5 145.8 Knuckeys Lagoon (control) 

23 2409.9  Reynolds – Labelle (control) 

Podocnemis erythrocephala 67  Rio Negro Basin, Brazil 

Podocnemis sextuberculata 88  Rio Negro Basin, Brazil 

Podocnemis expansa 188  Rio Negro Basin, Brazil 

Chelus fimbriatus 324  Rio Negro Basin, Brazil 

Peltocephalus dumerilianus 327  Rio Negro Basin, Brazil 

Podocnemis unifilis 329  Rio Negro Basin, Brazil 

 

WHO/FAO* 400 

 

 

 
*WHO/FAO: World Health Organisation/Food and Agriculture Organization Guideline. 
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4.2. Threat assessment 
	
 I interviewed groups from three communities of traditional owners 

(Twin Hill, Ironstone and Bulgul). All groups demonstrated an in-depth 

knowledge about C. oblonga biology, such as preferred habitat, behavior and 

morphology. All traditional owners interviewed were born and still live in the 

area of the Finniss River.  

 All the respondents reported dead turtles, killed by pigs close to 

billabongs and paperbarks (Marvellous malaleuca) swamps. In one unique 

event in 2017 approximately 200 dead animals were found in Twin Hill and 

Ironstone areas and the reasons for this high mortality is unknown. Both, 

Bulgul and Ironstone traditional owners claimed the turtles are skinnier now 

than before (30 years ago). They described the young turtles fat as whiter 

now, opposed to the bright yellow of a healthy specimen. A decrease in the 

quality of fat was also observed in old turtles, which are now white and 

transparent, instead of green.  

 The respondents (traditional owners and turtle specialists) ranked the 

threats from 11 to 0, where the number 11 represented the most relevant 

threat to C. oblonga and the number 1 the least. According to the average 

threat rank for both traditional owners and turtle specialists, feral pig was the 

most important threat to Chelodina oblonga population in the Finniss River 

(Figures 7 and 8). Traditional owners believed that predation by bird of prey 

and crocodile remains an important threat after predation by pigs (Figure 7). 

However, the specialist group claimed cattle and climate change to be the 

most important threat to C. oblonga after feral pigs (Figure 8). For both of the 

groups, overharvest was recognized only as a locally specific threat. 
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Figure 7. Average threat rank perceptions according to Finniss River traditional owners 
groups (n = 3). 

 

	 	 	

	  

       

Figure 8. Average threat rank perceptions according to turtle specialists (n = 8). 
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 Using the combined the literature review, direct observation and the 

specialist and traditional owner opinions, I compiled 22 predictions and 

probable consequences of the 11 main threats (cane toad, crocodile, bird of 

prey, overharvest, pig, cattle, buffalo, fire, water contamination, climate 

change, and invasive weeds) to C. oblonga populations on Finniss River 

floodplain. We assessed the quality of evidence supporting each of these 

predictions, the likelihood of significant impact, and its ecological 

consequence (Table 4). These threats have the potential to affect C. oblonga 

behavior, reduce its fitness and increase the likelihood of mortality (Figure 9). 

Feral pigs, water contamination and climate change were considered the 

three most relevant threats to C. oblonga. 

 

 

Figure 9. Diagram displaying impacts and consequences of the threats to Chelodina oblonga 
(BOP = bird of prey; Croc = crocodile). The length of the arrows indicates the magnitude of 
the threat consequence, while the width indicate the relevance of each threat. The largest and 
wider the arrow, the most and relevant is the threat. 
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Table 4.  Quality of evidence, likelihood of significant impact, ecological consequence, and critical knowledge gaps for each threat prediction for the 
Chelodina oblonga population in the Finniss River. This qualitative assessment is based on direct observation, traditional owners interviews, turtle specialists 
interviews an review of the literature. 

Threat Prediction Quality of 
evidence1 

Likelihood of significant 
impact2 Threat consequence3 Critical knowledge gaps4 

Cane toad 

1.Toads will compete for 
food as both turtle and cane 
toad eat 
macroinvertebrates  

Low: Specialist 
interview (1); 
Traditional owner 
interview (1). 

Unlikely: evidence base very 
small. 

Low: Turtle starvation 
and kill with 
consequent declines in 
population; migration 
to adjacent areas 

Elucidate the strength of 
ecological links between 
cane toad and turtle, and 
whether relevant 
thresholds exist. 

2. C. oblonga is reasonably 
susceptible to cane toad 
toxin. Consumption of 
tadpoles and metamorphs 
could lead to decline in 
health or death 

Medium: Smith and 
Phillips 2006; 
Greenlees and 
Shine, 2011; 
Specialist interview 
(4); Traditional 
owner interview (2) 

Equal chance: evidence base 
is very small, and there is no 
study correlating turtle kills in 
Northern Territory with cane 
toad ingestion. But cane toad 
abundance is high in the 
Finniss River catchment and 
biological impact is expected. 

High: Turtle kill; 
Declines in turtle 
population 

Autopsies of dead C. 
oblonga are needed to 
elucidate the causes of 
turtle kills. Diet studies on 
C. oblonga  during the 
period of cane toad 
reproduction is also 
needed to verify toad 
ingestion.  

Crocodile 

3. Crocodile population 
increase will affect 
freshwater turtle 
populations’ density 

Low: Traditional 
owner interview (2) 

Unlikely: evidence base very 
small. Crocodiles have co-
existed with C. oblonga in the 
past, when densities were 
very high. 

Low: Declines in turtle 
population 

Elucidate the strength of 
ecological links between 
crocodiles and turtles, and 
whether relevant 
thresholds exist. 

Birds of prey 

4. A high number of C. 
oblonga shells are found 
underneath birds of prey 
nests which suggests a 
possible impact, if 
vegetation cover is reduced 
and turtles are more 
exposed to predators 

Low: Traditional 
owner interview (2) 

Unlikely: evidence base very 
small and bird of prey 
predation is reported to be 
common and not increasing. 

Low: Declines in turtle 
population 

Elucidate the strength of 
ecological links between 
birds of prey and turtles, 
and whether relevant 
thresholds exist, in area 
with different densities of 
vegetation cover.  
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Table 4. (cont.) 

Threat Prediction Quality of 
evidence1 

Likelihood of significant 
impact2 Threat consequence3 Critical knowledge gaps4 

Pig 

6. Predation of juveniles 
and adults by pigs, during, 
and immediately after 
aestivation period 

High: Fordham et 
al. 2006, 2007. 
2008; Specialist 
interview (6); 
Traditional owner 
interview (3) 

Very-likely: Good level and 
quality of evidence 

High: Localized 
extinction 

Produce predictive 
demographic models that 
incorporate stochastic rainfall, 
recruitment, pig densities and 
any compensatory responses 
to predation to assess the 
population dynamics and 
persistence probabilities of C. 
oblonga in the Finniss River 

7. Feral pigs feeding 
strategy contributes to loss 
of vegetation affecting 
freshwater turtles habitats 
either through increased 
rates of waterbody 
eutrophication and wetland 
desiccation 

Medium: Doupé et. 
al 2009; Waltham 
and Shaffer 2017;  
Sprague 1985; 
Lavorel et al. 1997; 
Cushman et al. 
2004; Tierney and 
Cushman 2006; 
Specialist interview 
(1) 

Likely: Foraging activities of 
feral pigs in the billabongs 
disrupt their physical, 
chemical and biological 
environments. 

Medium-high: 
Declines in turtle 
population; 
Habitat damage   

Estimate the severity of pig 
feeding strategy on C. oblonga 
habitat; Understanding 
ecological triggers of poor 
habitat quality on C. oblonga 
population 

8. Predation on nests  

High: Barker, 1993; 
Robinson et al., 
2005; Fordham et 
al. 2006, 2007, 
2008; Specialist 
interview (6) 
Traditional owner 
interview (6) 

Very-likely: Good level and 
quality of evidence 

High: Depends on 
scale of impact on 
survival and 
recruitment 

Identify interaction between 
hatchling/newborn recruitment 
and pig density for population 
regulation  
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Table 4. (cont.) 

Threat Prediction Quality of 
evidence1 

Likelihood of significant 
impact2 

Threat 
consequence3 Critical knowledge gaps4 

Cattle  

9. Cattle may impact 
wetland plant communities 
through grazing, trampling 
and change in water quality  

Low: Reimold et al. 
1975; Barker, 1993; 
Walker 1995; Pettit 
et al. 2012; 
Specialist interview 
(1) 

Equal chance: evidence base 
very small, however 
increasing cattle densities on 
wetlands is likely to damage 
turtle habitats 

Low: Alteration of 
wetland quality 

Link interactions between 
cattle density and turtle habitat 
quality. 

10. Direct effects of 
trampling on turtles during 
estivation, and while 
migrating on land 

Medium: Barker, 
1993; Robinson et 
al., 2005; Specialist 
(2); Traditional 
owner interview (2) 

Likely: likelihood of trampling 
increases in wetlands with 
high cattle density. 

Medium: Reduce 
turtle fitness; 
Turtle kill 

Link interactions between 
cattle density and turtle 
mortality due to trampling. 

Buffalo 

11. Buffalo may impact 
wetland plant communities 
through grazing, trampling 
and change in water quality 

Low: Reimold et al. 
1975; Barker, 1993; 
Walker 1995; Pettit 
et al. 2012; 
Specialist interview 
(1) 

Unlikely: evidence base very 
small and there is no 
evidence of high buffalo 
density along Finniss River 
area since the mid 1980's 

Low: Alteration of 
wetland quality 

Comprehend ecological 
threats of buffalo on turtle 
populations through habitat 
quality change 

12. Direct effects of 
trampling on turtles during 
estivation, and while 
migrating on land  

Medium: Barker, 
1993; Robinson et 
al., 2005; Specialist 
(2); Traditional 
owner interview (2) 

Unlikely: Impact likely to 
occur if buffalos are in high 
density. The number of 
buffalos in the Finniss River 
has been declining since the 
mid 1980's 

Medium: Reduce 
turtle fitness; 
Turtle kill 

Link interactions between 
Buffalo density and turtle 
mortality due to trampling. 
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Fire 

13. The removal of 
vegetation by induced-
human fire kill turtles and 
increase predation on 
estivating turtles 

Low: Eisemberg et 
al. 2016; Canning 
2017; Traditional 
owner interview (2) 

Equal chance: evidence base 
is small, however is likely 
that removing the protective 
layers of vegetation exposes 
the ground to the baking sun 
and increases evaporation. 
This can result in turtles 
dying from dehydration and 
heat stress while still buried 
below the surface and makes 
them more susceptible to 
predators such as wild pigs. 

Medium: Turtle 
kill; Declines in 
turtle population 

Assess effects of fire on turtle 
estivation habitat and turtle 
survivorship.  

14. Fire pose a threat to 
turtles while migrating and 
aestivating in the dry 
season. Mortality depends 
on the intensity of the fire 
and the depth of the turtle 
in the soil. 

Low: Setterfield et 
al. 2013;           
Traditional owner 
interview (3);  

Equal chance: evidence base 
is small, however there are 
anecdotal reports of turtles 
found dead after high 
intensity fires in areas when 
their estivation chambers 
were shallower. 

Medium: Turtle 
kill; Declines in 
turtle population 

Understand interactions 
between fire intensity , 
duration and period, and soil 
and vegetation cover on turtle 
estivation chamber depth and 
mortality. 

 
 
 
 
 

Water 
contamination 

 
 
 
 
 
 
 

15. Residues of herbicides 
used for weed control 
have the potential to 
persist in wetlands for 
decades. The decrease in 
vegetation density might 
affect availability of cover 
against natural predators. 
Herbicides components 
may also directly affect C. 
oblonga health. 
 
  

Medium: Marburger 
et al. 2002; Regueiro 
et al. 2013; Baker 
1992; Smith 1992; 
Specialist interview 
(2); Traditional owner 
interview (2)  

Likely: C. oblonga is highly 
dependent on freshwater 
aquatic habitats; Control of 
Mimosa pigra is done in the 
area every year over more 
than 20 years and it has 
altered vegetation cover.  

Medium: Turtle 
contamination; 
Reduce turtle 
fitness; Turtle kill 

Assess the components and 
effects of herbicides used for 
Mimosa pigra control on C. 
oblonga fitness; Document 
the historical data of 
chemical use on the Finniss 
River floodplains and its 
effect on vegetation cover 
and C. oblonga density and 
fitness. 
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Water 
contamination 

16. Contaminants from an 
old closed uranium mine 
located upstream of the 
Finniss River floodplain 
may affect C. oblonga 
behaviour, development, 
and reproduction. 

High: Jefree and 
Williams, 1980; 
Crews et al. 1995; 
Crain and Guillette 
1998; Sumpter and 
Johnson 2005; 
Eggins et al. 2005; 
Piña et al. 2009; 
Schneider et al. 
2015; Pignati et al. 
2018; Specialist 
interview (3); 
Traditional owner 
interview (3) 

Very-likely: Good level and 
quality of evidence. Given that 
groundwater remains 
contaminated and waste rock 
dump infiltration is increasing, 
pollutant loads into the Finniss 
River can be expected to 
intensify in the future. Few 
studies confirm occurrence 
and immediate impact on fish 
in the Finniss River, but not on 
turtles. 

High: Turtle 
contamination; 
Reduce turtle 
fitness; Turtle kill 

Analyse the tolerances of C. 
oblonga to contaminants; 
Assess the effect of the 
ongoing pollution cycle at 
Finniss River on turtle 
contamination and fitness; 
Radiological characterisation 
and assessment of the sites  

17. Diversity and 
abundance of 
macroinvertebrate 
assemblages can be 
affected negatively by 
water contamination. It 
may results on the turtle 
starvation since the 
species diet is based on 
macroinvertebrates and 
small vertebrates. 

Medium: Kalcounis- 
Ruppell et al. 2007; 
Spanhoff et al. 2007; 
Rodusky et al. 2008; 
Mudd and Patterson, 
2010; Specialist 
interview (2) 

Likely: Good level and quality 
of evidence 

Medium-high: 
Turtle migration; 
Turtles starvation; 
Localized extinction 
and potential 
species extinction. 
Food web changes 

Assess the effects of 
herbicides and mine 
contaminants on the food 
chain. Assess the effect of 
the ongoing pollution cycle at 
Finniss River on aquatic 
vegetation, 
macroinvertebrates and 
small vertebrates.  
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Threat Prediction  Quality of 
evidence1  

Likelihood of significant 
impact2 

Threat consequence3 Critical knowledge 
gaps4  

Climate 
change 

18. Increase of extremely dry 
years. When swamps recede 
to their minimum level, 
chances of turtle kill by high 
water temperatures and 
desiccation while moving on 
land increases. Pig, buffalo 
and cattle concentrate in high 
densities on the remaining 
water bodies increase 
likelihood of predation and 
trampling. Higher water 
temperatures may also 
increase likelihood of 
bacterial infections due to 
low oxygen concentration in 
the water. 

Medium: Fordham et al. 
2006; Eisemberg et al. 
2016a; Specialists 
interview (3); Traditional 
owners interview (3) 

Equal chance: Although 
there are reports of turtle 
kills in extreme dry 
years, current climate 
change models do not 
predict the increase in 
occurrence of extreme 
dry years.  

Medium-high: Reduce 
turtle fitness; Turtle kill; 
Localized extinction 

Create models using 
weather data, satellite 
imagery and C. population 
demography to predict the 
effect of extreme dry 
years on habitat quality 
and C. oblonga mortality 
rates. Autopsies of dead 
C. oblonga are needed to 
elucidate the causes of 
turtle kills. 

19. In NT, extensive 
seasonally inundated 
freshwater swamps and 
floodplains extend for 
approximately 100 km along 
rivers. The low relief of these 
areas means that even small 
rises in sea level could result 
in relatively large areas being 
affected by saltwater 
intrusion, with expansion of 
the estuarine wetland system 
at the expense of present 
day turtles freshwater 
habitats 

High: Press, 1988; 
Chappell 1988, 1990; 
Woodroffe and 
Mulrennan 1993; 
Woodroffe, 1995; 
Bayliss et al. 1997; Nott 
and Price 1999; Eliot et 
al. 1999; Hughes 2003; 
Bates et al. 2008; Leigh 
et al. 2010; Puckridge et 
al. 2010; Specialist 
interview (1) 

Likely: Good level and 
quality of evidence. If 
hydrological regime 
shifts, so will C. oblonga 
populations 

High: Ecosystem 
shifts; localized 
extinction. 

Establish the effects of 
increase salinity on C. 
oblonga fitness and 
survivorship. Create 
models using weather 
data, satellite imagery and 
C. population 
demography to predict the 
effect of increase salinity 
on habitat quality and 
availability for C. oblonga. 
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Table 4. (cont.) 

Threat Prediction  Quality of 
evidence1  

Likelihood of significant 
impact2 

Threat consequence3 Critical knowledge 
gaps4  

Invasive 
weeds 

20. High densities of some 
weed species may difficult 
movement, migration and 
prey availability (providing 
more cover to small fish) in 
the floodplains. It may also 
eliminate important 
aestivation habitat. 

Low: Specialist 
interview (1) 

Likely: movement is important 
for turtle breeding, feeding and 
estivation.  

Low: Declines in turtle 
population 

Evaluation and monitoring 
of weeds density in the 
Finniss River and its 
effect on C. oblonga diet 
and movement 
requirements.  

21. A dense cover of 
aquatic weeds reduces and 
may prevent light 
penetration in the water. 
Without light, phytoplankton 
and submerged plants 
cannot photosynthesize. 
Oxygen levels decrease 
and carbon dioxide 
increases affecting turtle 
health. 

Low: Howard and 
Harley 1997; 
Specialist interview 
(1) 

Equal chance: freshwater 
turtles are resistant to poor 
water-quality events, but if 
frequency and severity 
increases then biological 
impact would increase 

Medium: Effects on 
aquatic fauna with 
localized species loss; 
Turtle fitness; Declines 
in turtle population  

Monitoring survival, 
spread and abundance of 
weeds in the Finniss 
River; Estipulate water-
quality tolerances of C. 
oblonga 

22. Invasive wetland plants 
are generally assumed to 
reduce animal diversity, 
impacting food webs. With 
the change on the 
invertebrates biodiversity 
turtles may struggle to find 
food, reflecting in turtle 
starvation 

Low: Norris et al. 
2001; Werner and 
Zedler, 2002; 
Kercher and Zedler 
2004; Specialist 
interview (1); 
Traditional owner 
interview (1) 

Equal chance: Invasive plants 
have substantial and persistent 
effects on habitat structure in 
wetlands, generally reducing 
numbers of species of plants 
and animals and altering the 
food web. 

Low: Food web 
changes; Decline on 
turtle fitness; Turtle 
starvation; Potential 
decline in turtle 
population 

Evaluation and monitoring 
survival, spread and 
abundance of weed in the 
Finniss River  
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1Quality of evidence incorporates the type, amount, quality, consistency, and agreement between studies and is based on an assessment of the literature and 
interviewees opinion: low (e.g., <5 studies or interviewees opinion, inconsistency between studies and opinions), medium (e.g., 5–10 studies or interviewees 
opinion, some consistency between studies and opinions), and high (e.g., >10 studies or interviewees opinion, mostly consistent studies and opinions). 
Numbers is parenthesis represent number of turtle specialists (total of 8) or traditional owners (total of 3) who mentioned a given threat. 
2Likelihood of significant impact: authors’ and specialists' assessment of the likelihood that the prediction will have a significant effect on the threat 
assessment of C. oblonga population in the Finniss River. Likelihood is expressed in probabilistic terms (unlikely: <33%, equal chance: 33–65%, likely: >66%, 
very likely: >90%; following Mastrandrea et al. 2010).  
3Threat consequence: authors’ and specialists' expert assessment and rating of ecological significance if the prediction is true: low (e.g. abundance reduced 
but maintained), medium (e.g., probable localized species loss), high (e.g. species extinction). 
4Knowledge gaps: themes that need to be filled by new research either because we know little or nothing. 
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5. Discussion 

Given its short sampling period (4 days over May to October 2018), it is 

possible to assert that this study documented a high number of dead C. 

oblonga at the Finniss River Floodplain. Dead C. oblonga were observed in 

46% of the 13 surveyed sites in the Finniss River floodplain. Of the 21 animals 

found dead in the Finniss River floodplain, 43% were juveniles and only 10% 

were large enough that they could be either mature females or males. The 

remaining 47% could be either mature males or juveniles. This mortality class 

size distribution could either reflect a higher vulnerability of small animals to 

the threats or simply the current C. oblonga population structure in the area. 

My methodology does not allow discrimination between these two options. A 

study comparing the current C. oblonga population structure against the dead 

animals size distribution is needed in this area to answer this question. 

If the dead animals size distribution observed in this study reflects 

population structure, my results are consistent with the hypothesis that C. 

oblonga populations are regulated by density, which influences negatively the 

recruitment of small individuals into the larger size classes (Fordham 2007). 

Turtles life history strategy is usually characterized by high fecundity, low egg 

and hatchling survival, slow growth, late maturity and high juvenile and adult 

survival (Heppell 1998; Chaloupka and Limpus 2002). Therefore, an increase 

in adult mortality is usually a great concern for freshwater turtles (Garber and 

Burger 1995; Close and Seigel 1997; Galbraith et al. 1997; Hall et al. 1999; 

Aiken et al. 2001; Gibbons et al. 2001; Fordham et al. 2006).  However, in 

comparison to other turtles, C. oblonga is a fast-growing, highly fecund and 

early-maturing species (Kennett 1996), which allows it to cope with more 

frequent episodes of low survival than other chelonians (Fordham 2007). 

In total, 11 main threats were identified for the Chelodina oblonga 

populations in the Finniss River floodplain. The major concerns are pig 

predation, climate change and fire. This result is similar to the threats 

identified for a congener species Chelodina mccordi timorensis, which rated 

dogs, pigs, fire and climate change as principal threats for its population at 

Lake Ilalararo, Timor Leste (Eisemberg et al. 2016a). Fordham (2007) also 
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found clime stochasticity and feral pig as the two major factors influencing C. 

oblonga populations in Arhem Land (NT). However, other threats should not 

be discarded at this stage in the Finniss River floodplain populations.  

 Overharvest is usually the main cause of freshwater turtle decline 

worldwide (Eisemberg et al. 2016a; Stanford et al., 2018). However, harvest 

was considered a minor threat to C. oblonga in the Finniss River floodplain. 

The impact of indigenous harvest is probably insignificant compared to other 

major threats documented on this study. Indigenous communities in northern 

Australia have traditionally harvested C. oblonga sustainably (Barker 1993; 

Fordham et al. 2008). Rock paintings and ceremonial stories indicate that 

turtle populations have survived thousands of years of harvesting (Chaloupka 

1993). Furthermore, C. oblonga can also compensate for low rates of adult 

survival by adjusting life-history parameters (Fordham et al. 2007). However, 

traditional levels of indigenous harvest of C. oblonga are not considered 

sustainable when combined with intense predation by feral pigs (Fordham et 

al. 2008). 

Pigs are likely the main threat to C. oblonga in the Finniss River 

Floodplain. Pigs predate both nests and adults and decrease the quality of 

turtle habitat while rooting billabongs whilst digging up bulbs. Pigs rooting 

billabongs whilst digging up the bulbs and roots makes the location of 

aestivating turtles a difficult task. Many shells found in the areas surveyed had 

signs of pig predation. The negative effects of pigs on C. oblonga populations 

are very well documented on the literature  (Barker, 1993; Caley 1999; 

Robinson et al. 2005; Fordham et al. 2006, 2007, 2008; Doupé et al. 2009).  

Pig predation of individual turtles that survive the vulnerable early life 

history stages may threaten population persistence, because these turtles 

have high reproductive potential (Cunnington and Brooks 1996; Heppell et al. 

1996). However, high levels of predation of nests and juveniles are also 

problematic. For example, predation of Emydure maquarii nests and nesting 

females by foxes (Thompson 1983; Spencer 2002) caused a long-term 

population decline in southern Australia (Spencer and Thompson 2005). 

Although predation by crocodiles (Crocodilus porosus) and birds of prey 
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(Haliaeetus leucogaster) were also mentioned by respondents as possible 

threats, they are know as C. oblonga natural predators (Freeman et al. 2014; 

Kennett et al. 2014; Sergo and Shrine 2015). Such predators could only be 

considered an actual threat to the turtle population if the natural levels of 

predation are increased due to increase in predator densities or other factors, 

such as fire and invasive weeds destroying C. oblonga refuge habitat. In 

Arnhem Land, pigs were the cause of 96% of recorded deaths, with predation 

rates decreasing only when the billabong dries and pigs disperse to the 

surrounding savannah (Fordham 2007). 

Another major threat identified was fire, which can decrease vegetation 

cover and consequently affect the capacity of turtles to avoid predators as 

well as directly kill aestivating animals. Wildfire and prescribed burning 

typically have strong effects on reptile communities (Russell et al. 1999; 

Friend 1993). Potential effects include animal mortality (Smith et al. 2012; 

Hailey 2000), loss of aestivating habitat (Hu Y et al. 2013), and altered 

resource availability (Hellgren et al. 2010), ultimately leading to changes in the 

population densities of certain species and associated changes in community 

composition (Doherty et al. 2015). In the short term, fire induces fundamental 

alterations in habitat structure (Grant et al. 2010; Hu et al. 2013), and local 

environmental conditions such as higher incoming solar radiation (Russell et 

al. 1999; Haslem et al. 2011). Due to C. oblonga terrestrial behaviour during 

the dry season and its limited dispersal capacity during fire events, there is an 

urgent need to assess the impact of different fire regimes and intensities on C. 

oblonga populations.  

 Invasive weeds, particularly Alligator weed (Alternanthera 

philoxeroides), Para grass (Branchiaria mutica) and Mimosa (Mimosa pigra), 

were identified as threats by traditional owners, and one northern Australia 

turtle specialist. The main issue identified was de capacity of weeds to form 

expansive and dense monocultures, which can impact negatively C. oblonga 

migration, foraging (providing more effective protection to prey, such as fish) 

and aestivation. The Finniss River floodplain seems to be especially 

vulnerable to invasions. Invasive weeds alter habitat structure, decrease 
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biodiversity, change nutrient cycling and productivity, and modify food webs 

(Zedler and Kercher 2004). Although there are no studies on the effect of 

weeds on freshwater turtles in northern Australia, there are various studies on 

the negative effect of invasive weeds on invertebrates, birds and fishes 

populations (Fell et al. 1998; Mensing et al. 1998; Askins 1999; Cox 1999; 

Able and Hagan 2000; Blossey et al. 2001; Talley and Levin 2001; Jivoff and 

Able 2003; Zedler and Kercher 2004). In an experiment in the USA, a 10–25% 

cover of water hyacinth (Eichhornia crassipes) reduced Tilapia aurea 

production by 50% (McVea and Boyd 1975).  

 Fish population densities can decrease due to alterations in the food 

web, caused by invasive weeds shading and changes in water chemistry, 

especially oxygen availability (Twongo 1991). The use of herbicides against 

weeds was also cited as a potential cause of decline on C. oblonga health. 

Pollutants from herbicides could potentially affect C. oblonga health directly by 

contamination or indirectly via decrease on natural vegetal cover (Marburger 

et al. 2002; Regueiro et al. 2013; Smith 1992) and changes in 

macroinvertebrate assemblages (Kalcounis- Ruppell et al. 2007; Spanhoff et 

al. 2007; Rodusky et al. 2008; Mudd and Patterson 2010).  

Cane toad (Rhinella marina), was considered a potential threat by most 

turtle specialists and traditional owners. Chelodina oblonga tends to inhabit 

the same slow moving to still water bodies favoured by toads as breeding 

sites (Freeland and Kerin 1988; Child et al. 2008). Although there is a lack of 

studies on the impacts of bufotoxin on northern Australia freshwater turtles, 

community members from Beswick and Burunga, south of Katherine, included 

barramundi and long-necked and short-necked turtles in their list of species 

affected by toads (Begg et al. 2000). Cane toad metamorphs were found in 

extremely high densities at Twin Hill in in late May 2018, in the same locations 

where dead mummified long-necked turtles without signs of predation were 

found. However, many other factors could have cause the death of these 

turtles. Neither Elseya latisternum nor Emydura  krefftii, species from the 

same family as C. oblonga (Chelidae), are overtly affected after consuming 

cane toad tadpoles (Crossland and Alford 1998). 
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Hamley and Georges (1985) were able to maintain individuals from 

Elseya latisternum, on a diet of toads for several months with no apparent ill 

effects, suggesting that this species has a high resistance to toad toxin. 

Although there is an anecdotal report of a Chelodina species feeding on the 

carcass of an adult toad with no ill effects (Covacevich and Archer 1975), 

cane toad eggs and tadpoles are known to be toxic to C. oblonga (Smith and 

Phillips, 2006; Greenlees and Shine 2011). In an experimental study, 

Chelodina oblonga (formally C. rugosa) seized but rejected toad tadpoles, and 

survived. However, consumption of toad eggs was fatal (Greenlees and Shine 

2011). Aquatic predators, such as freshwater turtles, are also at greater risk 

from poisoning through eggs and larvae ingestion due to their high toxin 

concentration and the jelly coat around the ovum, which can prevent the toxin 

from being detected before ingestion (Greenlees and Shine 2011). 

 Cattle and Buffalo are perceived as threats only when they are high 

densities. Although there is evidence of the impact of Buffalo on C. oblonga 

habitat at the Northern Territory floodplains (Bradshaw et al. 2007), an 

effective program for reduce Buffalo populations in the Finniss River region 

since the 1980’s (Lonsdale 1993), indicates that they are no longer 

considered a major threat to C. oblonga in this region. On the other hand, 

cattle can reach high densities during the dry season in some of these studied 

surveyed areas. High cattle numbers might cause the increase in total 

nitrogen and phosphorus concentration, which lead to the eutrophication of 

waterholes and decrease in water quality. Cattle trampling can also inhibit the 

re-establishment of macrophytes and destroy the band of benthic algae that 

can be a critical carbon source for the aquatic food webs (Bunn et al. 2003). 

In the Mitchell River floodplain (northern Queensland), water quality and 

biodiversity of waterholes are also under threat from cattle as well as feral 

pigs and horses (Kennard 2010). 

Together with pigs and fire, climate change was one of the main 

threats suggested by both traditional owners and specialists. Climate change 

had led to marked alterations in the distribution of invertebrate, vertebrate and 

plant species, as well as the the timing of their seasonal activities and their 
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physiological responses, in both aquatic and terrestrial environments 

(Parmesan and Yohe 2003). Climate change predictions are imprecise for 

northern Australia, but it will likely increase temperatures, evapotranspiration 

rates, and the likelihood of extreme storm events (Morrongiello et al. 2011). 

These changes would result in greater flow variability in northern Australia 

rivers, with decreases in flow or flow cessation occurring more frequently and 

peak flows during the wet season occurring more sporadically (King et al. 

2016).  

Higher water temperature and consequent lower oxygen dissolved in 

the water, during the dry season, could potentially result on the spread of 

bacteria and disease in aquatic ecosystems (Harvell et al., 1999; Marcogliese, 

2001). In addition, increased temperature may cause thermal stress in aquatic 

animals, leading to reduced growth, sub-optimal behaviours and reduced 

immune competence (Ficke et al. 2007; Harvell et al. 1999). Furthermore, sea 

level rise and saltwater intrusion on floodplains in the Northern Territory 

(Bayliss et al. 1997; Puckridge et al. 2010; Lough and Hobday 2011) could 

also reduce C. oblonga optimum habitat availability and modify its current 

distribution.  

A delay in the commencement of clear, dry-season flows and the 

consequent delay on benthic primary production (King et al. 2015) could also 

affect C. oblonga prey availability. According to a senior traditional owner, C. 

oblonga gain weight in the end of dry season. Tropical savannah water bodies 

are highly turbid during the wet season, but the water clears as flow becomes 

progressively dominated by ground water with intrinsically lower turbidity 

(Townsend and Padovan 2005; Webster et al. 2005). The increased water 

clarity allows the commencement of benthic primary production (Webster et 

al. 2005). This primary production provides a base for dry-season food webs 

and habitat for aquatic biota (Jardine et al. 2012). Climate change may also 

modify possible triggers for aestivation in C. oblonga, such as changes in 

water surface area, water depth and invertebrate diversity and density 

(Fordham 2006). Terrestrial strategies of members of the genus Chelodina 

probably enable most individuals to survive normal dry spells. However, the 
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duration of estivation is limited and rarely lasts more than seven months (Roe 

et al. 2008).  

According to Chessman (2011), it is important to understand the 

interactions between climate change and other threats to inform effective 

conservation for freshwater turtles. For example, C. oblonga estivation is 

facultative, occurring when water bodies dry out (Grigg et al. 1986). Rainfall in 

the northern Australia wet-dry tropics is highly variable both within and across 

years as well as in magnitude and timing (Taylor and Tulloch 1985; Georges 

et al. 2003). In unusually wet years, billabongs do not dry, turtles do not 

aestivate, and turtle harvesting is limited (Fordham 2007). Accordingly, the 

harvest of C. oblonga is not necessarily an annual event. Climate change 

therefore can potentially modify harvest pressure by increasing access to 

aestivating turtles if the frequency of drier years increase (Eisemberg et al. 

2016a). Similarly, pig predation is likely to increase under longer dry seasons. 

Chelodina oblonga populations can potentially persist despite episodes of 

heavy pig predation if wet years are frequent, since survival rates remain high 

in the absence of drying (Fordham 2007). However, the climate predictions in 

northern Australia are imprecise (Morrongiello et al. 2011), making it hard to 

predict its effects on the C. oblonga populations.  

Due to the location of this study, downstream of the old 

Copper/Uranium mine in Rum Jungle, water contamination was also 

considered a concern among traditional owners and specialists. Based on 

studies with other species of chelonians, contamination by heavy metals is 

likely to affect C. oblonga health. (Jefree and Williams, 1980; Crews et al. 

1995; Crain and Guillette 1998; Sumpter and Johnson 2005; Piña et al. 2009; 

Schneider et al. 2014; Pignati et al. 2018). Studies with other species of 

turtles have shown that contaminants may affect behavioural, developmental, 

regulatory and reproductive systems (Crews et al. 1995; Crain and Guillette 

1998; Sumpter and Johnson 2005). More importantly, if the turtle is 

contaminated it may be contaminating people that harvest and eat the animal.  

No dead turtles shells (keratin) and skin from the Finniss River 

floodplain were above the Hg WHO guideline for fish consumption (500 
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mg/kg), although two shells exceeded WHO guidelines for children and 

pregnant women (200 mg/kg). Levels of Hg for turtles from both control areas 

(Reynolds and Knuckey) were higher, ranging from 375 to 2,410 ng/g. 

However, tissues most prized for consumption by traditional owners, such as 

liver, muscle and fat, were not available on dead turtles for sampling. Similar 

to Amazonian peoples (Schneider et al. 2009; 2010; 2011), traditional owners 

consume the turtle whole body, except for the shell.  

Differences in Hg concentrations in freshwater turtles might be due to 

differences in food and foraging behavior (Schneider et al. 2010). The Hg 

concentration mean of Chelodina oblonga from the Finniss River (= 181 ng/g 

± 7.46) was similar to the reported for Podocnemis expansa (= 188 ng/g 

±167) (Schneider et al. 2011), a freshwater turtle that feeds mainly on seeds 

and fruits, with occasional ingestion of fish and crabs (reviewed by Eisemberg 

et al. 2017). On the other hand, C. oblonga is consider carnivorous, with fish 

being consumed during the dry season, and proportionally more odonate 

nymphs consumed during the wet season (Kennett et al. 2014). Chelus 

fimbriatus is a carnivorous predator (Lemell et al. 2002) and among the 

Amazon turtles it has the most similar diet to C. oblonga. However, only one 

dead turtle from the Finniss River had its Hg concentration in the shell higher 

than the average observed by C. finbriatus in the Negro River (Amazon) 

(Schneider et al. 2010). The significant Hg accumulation observed in 

Amazonian turtles reproduces its environment Hg bioavailability (Roulet et al., 

2000). However, this study did not assessed the level of Hg in C. oblonga 

prey or the sediments near the dead animals found on the Finniss River 

floodplain, and therefore more studies are needed before the sources of 

mercury observed in the shells and skin are identified.    

 Three individual from control group indicated extremely high levels of 

mercury concentration in the carapace. Turtle ID24 (Hg = 828 ng/g) and ID28 

(Hg = 1656.5 ng/g) were found in Knuckey Lagoon. Turtle ID23 (Hg = 2409.9 

ng/g) was collected in Labelle Station close to the Reynolds River and it may 

possibly have died because of high levels of mercury concentration. There is 

no available information about the possible sources of mercury in these two 
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areas. Furthermore, there is no previous study on heavy metal levels of 

freshwater turtles in northern Australia, to compare the values observed in this 

study. 

Although this study on turtle shell and skin samples provide baseline 

data and an initial evidence for potential high levels of Hg on C. oblonga at the 

Finniss River floodplain and control areas, more samples are needed from 

more types of tissues and areas before it is possible to recommend dietary 

intake rates according to the Hg present in turtle tissues. Mercury 

bioaccumulation can also be toxic to the animal itself (Malm et al. 1995; 

Roulet et al. 2000, 2001; Belger and Forsberg 2006). However, a lack of 

knowledge on specific health effects of Hg bioaccumulation on C. oblonga 

precludes any meaningful speculation of its toxicological significance. 

Furthermore, our conclusions on heavy metal contamination on liver, fat and 

muscle were limited, considering that only four turtles were analysed. 

A relatively high level of copper, lead and zinc was observed in three 

out of four harvested C. oblonga at Bulgul. Due to the low number of animals 

in my study, further investigations are urgently needed, as these harvested 

individuals were likely affected by an unknown source of pollution. The Finniss 

River have a strong connectivity with its floodplains, and during high flows, 

water spreads across the floodplain, inundating lacustrine and palustrine 

waterbodies (Ward et al. 2012). A study conducted by Jeffreey et al. (2014), 

showed similar values of heavy metal concentration to my study. The area 

surveyed by Jeffreey et al. (2014) was along a metal pollution gradient 

draining from the Rum Jungle copper/uranium mine. Previous work on the 

Finniss River contaminated areas (Jeffreey and Williams 1975) had shown 

that fish and crustaceans were reduced in numbers of species and 

individuals, and fish kills occurred when pollutant concentrations were at their 

highest.  

 Rehabilitation of the Rum Jungle mine between 1982 and 1985 

resulted in a substantial (40–70%) reduction in the measured annual loads of 

Cu, Zn, Mn and sulfate exported by the East Branch of the Finniss River, that 

drains the mine site, as well as an increase in stream pH to 6.5. Prior to 
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rehabilitation, acid rock drainage, resulting from the oxidation of sulfide 

minerals in the waste rock, led to severe biological degradation of freshwater 

habitats downstream of the mine site. This ecological impact was due to 

elevated concentrations of Co, Cu, Mn, Ni, Pb, U, Zn and sulfate in low pH (2–

4) water. Although the metal levels observed on this study were way below 

the levels observed by Piña et al. (2009) on the blood of a Brazilian 

freshwater turtle (Phrynops geoffroanus) from the same family as C. oblonga 

(Chelide), these animals were located on South America most polluted river, 

near the city of São Paulo. Piña et al. (2009) found the highest level of Cu and 

Pb ever described in a reptile, with no clinical symptoms observed in these 

heavily contaminated turtles (Piña et al., 2009). 

 Chelonians are good indicators of environmental contamination (Golet 

and Haines 2001; Storelli and Marcotrigiano 2003). For example, the box 

turtles (Terrapene carolina) and the common snapping turtles (Chelydra 

serpentina) collected from lead contaminated areas were used to provide data 

regarding water pollution and they had significantly high lead concentrations 

in their tissues (Beresford et al. 1981; Overmann and Krajicek 1995). 

Freshwater turtles have the potential to act as sentinel species. They are 

widely distributed across the world and typically contribute to a large 

proportion of the vertebrate biomass on freshwater aquatic ecosystems 

(Congdon et al. 1986; Thompson 1993; Turtle Conservation Fund 2002), even 

in heavily polluted waters (Souza and Abe 2000). However, their populations 

also tend to be slow to decline due to their longevity (Congdon et al. 2003; 

Spencer and Thompson 2005). 
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6. Conclusion 
	
 This study highlights critical knowledge that should be addressed to 

increase confidence in an effective C. oblonga management. It is also 

important to acknowledge that many threats might be interconnected and 

turtle kills and population decline might result from a combination of factors. 

Predation by pigs, the main threat identified in this study, as well as predation 

by crocodiles and birds of prey can be exacerbated by changes in climate and 

fire regimes as well as vegetation cover. Habitat disturbance due fire, 

herbicides and animal trampling can destroy optimum aestivation areas and 

expose animals to predators and change the food web with consequences to 

C. oblonga food availability. For example, turtles might become more 

vulnerable to prey on cane toad eggs and tadpoles, if there is no other prey 

available and they are starving.  Long-necked turtle species are efficient 

hunters and can consume a higher proportion of animal prey (Cann 1998). 

Therefore, habitat quality is vital to C. oblonga health and survivorship. Water 

contamination could affect the turtle health directly, and indirectly via changes 

in the food web. The threats and knowledge gaps identified on this study have 

the potential to guide future management actions for the C. oblonga 

populations in the Finniss River Floodplain. 
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