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Running Title Life table andyss of Bdlinger River turtles

Abstract . Two species of freshwater turtle co-exigt in the Bdlinger River, Elseya georges
is common but limited to the Bellinger River, whereas Emydura macquarii iswidespread
but rarein the Bellinger River. The Bdlinger River population of E. macquarii has been
proposed as a distinct subspecies, so may be endangered.  Survivorship, fecundity, growth,
size, and age, were deermined for El. georgesi and the finite rate of increase (I ) was
edimated by alife table andyss usng mark-recapture data from surveys between 1988-
2004. These parameters were compared to those of well studied populations of E.
macquarii to assess if moddling El. georgesi could serve as a surrogate for estimating the
influences of these demographic parameterson | in E. macquarii in the Bdlinger River.
We estimated that approximately 4500 El. georgesi inhabit the study area, and despite a
srongly biased sze digtribution towards large individuds, the population is increasing,

| =1.15, in the best case scenario, or dightly decreasing, | =0.96, in the worst case scenario.
Comparing El. georges with the Bdlinger River and other E. macquarii populatiors
suggest that E. macquarii grows fagter, attains greater maximum size, has a greater clutch
Sze and ahigher fecundity than El. georgesi. Hence, El. georgesi does not serve asa

good surrogete to determineinfluenceson | inE. macquarii.

Introduction
Management of threatened animas is often complicated by alack of knowledge of the

causes of decline, with many stochastic (Lande 2002) and ecologica factors (Halam 1986;



Schoener and Spiller 1996; Luissdli et al. 1997) causing population decline. Various
modelling techniques are vauable in assessing population decline and may be epecidly
useful in sudies of rare species (e.g. Simons 1984; Crouse et al. 1987; Heppell and
Crowder 1996; Spencer and Thompson 2004). In the absence of religble empirical data, a
model population, either a conspecific, aclosely reated co-inhabitant, or aprevioudy
Sudied populaion of Smilar organismsin asmilar environment, may be used for predicting
the demographic influences on finite population growth, ? (Boyce 2002).

In turtles, demographic parameters are usudly linked to size rather than age classes
(Crouse et al. 1987; Kennett 1996; Spencer and Thompson 2004). Age-structured
models are, however, often required in conjunction with stage structured model s to interpret
?inred time (Nisbet and Gurney 1986; Crouse et al. 1987; Crowder et al. 1994). Itis
not possible to track individuas throughout their life for long lived organisms, such asturtles,
so models based on growth rates (e.g. von Bertdanffy, Gompertz, and logistic models) are
useful tools for understanding population dynamics (Frazer et al. 1990a; Cox et al. 1991;
Kennett 1996; Spencer 20024). The three principd life history stages utilised in turtle
demographic models are the egg-hetchling, juvenile and adult stages (Crouse et al. 1987;
Heppdll et al. 1996; Heppell and Crowder 1996; Spencer and Thompson 2004). Asa
result of their longevity and survivorship pettern, the sable size digtribution in turtle
populations are usudly skewed, having congderably more large adults than juveniles or
hatchlings (Thompson 1983; Gibbs and Amato 2000).

Many populations of Audraian freshwater turtle are threatened with extinction
(Georgeset al. 1993). Introduced predators (Thompson 1983; Parmenter 1985; Spencer

2002b; Spencer and Thompson 2003) and habitat degradation (Georgeset al. 1993;



Mitchell and Klemens 2000) are implicated as the principa causes for the declines, athough
the impacts of interspecific and intraspecific competition, and stochedic events, have never
been adequately quantified.

Two native short-necked turtles inhabit the Bellinger River. Elseya georgesi is
restricted to, but common in, the Bellinger River and Emydura macquarii, is widespread,
but rare, in theriver. The Bdlinger River E. macquarii ismorphologicdly digtinct from other
E. macquarii and is regarded as a subspecies (unnamed; Cann 1998). Despite its uncertain
status, and no quantification of population size or projected growth rate, arecovery plan
(NSW National Parks and Wildlife Service 2001) was developed for the Bellinger River E.
macquarii, with foxesimplicated as the threatening process (Mahon 2001). Both species
are potentialy vulnerable to foxes through predation on eggs and nesting femaes (Cann
1993; Spencer and Thompson 2001). We performed demographic analyses on al available
mark- recapture data taken from 1988-2004 to assess: 1) whether the El. georgesi
population is stable, 2) any negative impacts with an emphasis on foxes, and 3) the
applicability of El. georges as asurrogate population for demographic modelling of E.
macquarii by comparing El. georges population parameters with well sudied E.

macquarii populations.

M ethods

Sudy site



Turtles were collected from approximately 30 km of the Bdllinger River upstream from
Thora, New South Wales (152° 47'E, 30° 26'Sto 152° 30' E, 30° 27" S), the only area
where the Bdllinger River E. macquarii has been previoudy collected (Cann 1993, 1998;
NSW Nationa Parks and Wildlife Service 2001; Spencer and Thompson 2001). The area

was partitioned into 21 randomly distributed sampling Sites.

Sampling methods and measurements

Turtles were captured by hand while snorkding (approximately 95%) or in traps between
September and February in two distinct time peiods, 1988-1991 (PK only) and 2000-
2004 (al authors). The date of capture was recorded and each turtle was marked with a
unique et of three notches made in the laterd edges of the margina scutes.

Sraight-line cargpace length and width, and straight-line and curved plastron length
and width were measured using cdlipers (straight-line measurements) and aflexible tape
measure (curved measurements) in dl turtles. Mass was measured to the nearest 0.1 kg
(turtles > 300g) or 0.01 kg (turtles < 300g) using a ectronic and/or pring balance. Males
were identified by an eongated pre-and tail length, rdative to body length. The minimum
sze of visudly identifiable maes was used to determine the minimum Sze of differentiation of
femdes from juveniles. All turtles were released after marking and measuring. Turtles with
discernable growth annuli in the plastral scutes (Sexton 1959) had their annuli counted.

Turtles recaptured more than one month after initia capture were measured again.

Survivorship



Egg-hatchling stage

Survivorship of eggs was estimated experimentdly by congtructing 48 “artificia nests’ of 10
smadl hens eggs, which experiments have found attract predators equdly as well asturtle
eggs (Spencer 2002b; Blamires et al. 2003). Two Sites, approximately 2.5 km agpart, each
contained 24 artificid nests. The two stes had smilar surface topology, i.e. aflat riverbank,
backed by a steeply doping (approximately 45-60°) dune, set gpproximately 10 m from
the water, but one Site was more densely vegetated (river shrubs < 2 m high and immature
and mature Cauarina trees) on the riverbank. As distance from the riverbank and eevation
can influence predation rate on turtle nests (Stancyk et al. 1980; Spencer and Thompson
2003), 12 artificel nests were deposited above the dune and 12 on the riverbank at
random distances from each other, at each site. Aschdlid turtle nests range from
approximately 40 to 180 mm deep (Ewart 1979), hdf of the nests a each location, at each
Ste, were buried gpproximately 40 mm deep and half were buried approximately 180 mm
deep. Artificid nestswere monitored for 20 daysfor signs of predation, or other forms of
destruction. Nests were considered destroyed if found open with eggshells around the
nest, opened by predators or humans, damaged by cattle, or flooded by araised river
level. The predator or agent responsible for destruction was noted. Predators were
identified from any tracksin the vicinity of opened nests, (Triggs 1996). Datawere
andysed usng a Chi- squared goodness of fit test, with correction for continuity (Snedecor

and Cochran 1980), for predation by foxes, goannas and other causes of mortdity, across



four treatments: riverbank/40 mm deep, riverbank/180 mm deep, above dune/40 mm deep
and above dune/180 mm deep.
In addition to the experiment, the riverbanks and dunes at al sampling Stes were
checked once per survey for any signs of natura nests (e.g. freshly laid nests, depredated
nests, hatched nests). Hatched nests were opened and the totd clutch size and number of

eggs that produced emergent hatchlings were counted.

Juvenile and adult stages

Survivorship of juveniles and adult femadesfor El. georgesi was calculated from mark-
recapture. A capture history matrix, representing ten secondary capture periods over two
primary capture periods (1988-1991 and 2000-2004), was created. A value of 1 was
designated for a capture and O for no capture for dl individualsin each secondary capture
period. Surviva probabilities (f ) were estimated from the capture history matrix by a
Jdly- Cormack- Seber goodness of fit survival mode, the mode of best fit determined by
Akalke Information Criterion (Burnham and Anderson 1998), usng RELEASE. Any
turtles found dead were collected, measured, sexed and the margind scutes examined for
marks. Marked turtles found dead were included in capture history matrices, to distinguish

mortdity from permanent emigration in estimatesof f (Barker 1997; Bjorndd et al. 2003).

Fecundity



The breeding season, and the number of females breeding per season, was determined by
papating the inguinal pockets of al females to detect the presence of shelled eggsin the
oviducts. The smalest gravid femae encountered was congdered the minimum femae
breeding size. Clutch sze was determined for El. georgesi from clutch counts of hatched
nests. To compare with El. georgesi, maximum cargpace length was used to estimate
clutch szefor the Bellinger River E. macquarii from astandard correlation curve between
maximum cargpace length and mean clutch size among the E. macquarii subspecies (data

taken from Cann 1998).

Sze Didtribution and Age

Size didribution curves were generated for adult males and females of each species, using
straight cargpace length as the standard measure, to enable direct comparison with other
species (Cann 1998). The E. macquarii caculations included data from 1992-1994
published by Cann (1998). Size distributions were tested for normdity usng a Kolmolov-
Smirnov test.

To assgn age to Size classes, the relationship between size and age was estimated by
fitting a growth curve from adult recapture data, and a combination of recapture data and
growth annuli counts (where recapture data were unavailable, Spencer 20023) in juveniles.
Straight plastron length was used as the measure of size for comparison with Spencer
(20024). Growth curves were constructed using:

von Bertdanffy (Fabens 1965; Frazer et al. 1990a):

L =a(1-be™),



logistic (Schoener and Schroener 1978):
L = a/(1+ be), ad

Gompertz (Winsor 1932; Cox et al. 1991) models:

(L = plagtron length, a = asymptatic length, e = base of the naturd logarithm, k = intrinsic
growth rate, and t = estimated age).

The model that returned the least residua mean sgquare error was considered the
most gppropriate fit for the data. The asymptotic length, a, and intringc growth rete, K,
caculated from the von Bertaanffy and logistic modds, were compared with those of
Murray River E. macquarii, (Spencer 2002a). Recapture rate was used to predict whether

age could be estimated for E. macqurii .

Population Estimates

The study areawas consdered open to immigration and emigration, so population size (N)
was estimated for El. georges usng the Jolly - Cormack- Seber method from recapture
histories usng Microsoft Excd (McCalum 2000). Given that E. macquarii isextremey
rarein the Bellinger River, the population Size was not esimated. The minimum sample size
required to provide demographic parameters with a co-efficient of variation (CV) under
10% (Snedecor and Cochran 1980) was estimated from the number of E. macquarii

captured using the program BAND 2.
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Life Table Analysis

Lifetable andysswas done for femaeEl. georges (E. macquarii being too rare to collect
aufficient empirical data) using a stage based approach (Frazer et al. 1990b). Stages were
egg-hatchling, juvenile and adult. An age (x) was assigned each stage: 1 was assigned to
both the egg hatchling and juvenile stages. The age of reproductive maturity in femaes was
the age attributed to adults. The survivorship and fecundity estimates were used to generate
survivorship schedules (the portion of individuas surviving to each stage; 1(x)), and fecundity
schedules (the average number of femae offspring produced per adult female per breeding
season; b(x)) (Gotdli 2001). Intrindc rate of increase (r) was estimated by caculating the
reproductive rate (R,), the mean number of offoring produced by afemae over her lifetime,
using the following equations (Gotdlli 2001):

k

Ro= S1(x) b(x)

x=0

r=1n(Ry)
G

where G = generation time, which was assumed to be the minimum female reproductive age.
?was caculated using the equation (Gotelli 2001):

7=
where ? indicates the stability of the population (? >1 indicates population growth, ? =1
dability, and ? <1 decline). If in decline, the Szefage distributions were used to assess

whether the declineiis likely to be due to fox predation on eggs, nesting femaes (Thompson
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1983; Spencer 2002b), or other causes. Using ? and the current population size (N o), the
projected population size (N;) after 1, 2, 5, 10, and 20 generations was caculated for El.
georges by the equation (Gotelli 2001):

N: = ?'No
Eigendadticity analyss (Caswell 2000; Spencer and Thompson 2004) was done to

determine the relative influences of growth, fecundity, and surviva a each slageon | .

Results

A totd of 466 El. georgesi (221 males, 170 femades, and 75 juveniles) and 11 E.

macquarii (6 maes, 4 femdes, and 1 juvenile) were captured (Table 1). Seventy-Sx were
recaptured once and 13 were recaptured twice. Adult female El. georgesi (203.9mm) and
E. macquarii (223.3 mm) had larger mean carapace lengths than adult males (El. georgesi

161.1 mm, E. macquarii 170.7 mm; Table 1).

Survivorship

Egg-hatchling stage

Foxes, goannas, trampling by cattle and flooding al caused “mortdity” in the experimenta

plotsin the artificid nest experiment (Table 2), but there was no significant differencein

"mortaity" by foxes, goannas, or other sources, across the nest locations and depths (77 =

0.24, P = 0.97).
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Predators destroyed 9 of 13 naturd nestsidentified at 5 locations. Two of the 9
were destroyed by foxes, 5 by goannas, and 2 had been visited by foxes and goannas. All
nests were within 10 m of the waters edge and had amean (+ s.e.) depth (top to bottom) of
170 + 24 mm. All of the nest Siteswere in heavily vegetated areas. Given the location and
depth of the naturd nests, the results of the artificid nest experiment pertaining to “nests’ on
the riverbank at 180 mm depth were used in the life table andysis. The higher value (0.67;
Table 2) representing a best case scenario and the lower vaue (0.17; Table 2) representing

aworst case scenario.

Juuvenile and adult stages

There was no significant difference in surviva (f ) between primary capture periods (?* =
1.071,P =0.31) socaculated f vaues were taken to represent turtles sampled across the
entire study period. A juvenilef valueof 0.58 (+ 0.02; confidence limit = 0.52-0.63) and
anadult f of 0.86 (+ 0.05; confidence limit = 0.77-0.97) were caculated from the

recapture matrices.

Fecundity

Femde El. georgesi were gravid between September and November. Seventeen (16.5%)
of 103 femaes palpated in this period were identified as gravid. The smdlest femae
identified as gravid had a straight cargpace length of 154 mm. Mean (+ s.e)) clutch size of

hatched El. georges nestswas 13.5 + 3.2 eggs. All of the eggs hatched in 3 of the 4 nests
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from which eggs hatched, with 5 of a clutch of 12 eggs, (41%) hatchings in the last clutch.
Hatchling emergence success, in the absence of predation, was thus estimated at 85.4%.
Mean clutch sze and maximum body Sze among the subspecies of E. macquarii
was dgnificantly positively corrdaed (r = 0.89, P = 0.02; predictive equation: clutch size=
-43.22 + 0.24 max. CL; from datain Cann 1998) and accordingly, a mean clutch size of

16.1 eggs was predicted for the Bellinger River E. macquarii.

Szedistribution and age

Theszedigribution of El. georgesi adult males (Kdmogorov-Smirmnov; maximum D =
0.10, P < 0.05) and femaes (Kolmogorov- Smirnov; maximum D = 0.18, P<0.01) was
skewed toward larger individuds (Fig. 1). Thereweretoo few datato analyse size
digributionsin E. macquarii adult maes and femaes, dthoughthey appear skewed toward
larger individuasin both sexes (Fig. ).

The von Bertdanffy growth mode had the least resdua mean square (RMS) error
(Table 3) and was thus used to assign age. The von Bertdanffy and the logistic modes both
revedled a amdler intringc growth rate, k, in El. georgesi compared with the Murray River
E. macquarii (Table 3). Under the von Bertalanffy model, females attain sexud maturity at
7.9 + 1.2 years (mean + se.) of age, and have amaximum life expectancy of 28.9 + 4.5

years. Age was not estimated in E. macquarii due to lack of recapture data.

Population estimate
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The Jolly-Cormack - Seber estimate of El. georges population size (N) was 4468 + 1409
individuals. The capturerate of E. macquarii was too few to make meaningful estimates of
any population parametersor N. Given the data collected on E. macquarii over the study
period (11 captures, 0 recaptures over 9 years of sampling) it was estimated that over 1000
individuas would be required to achieve a co-efident of variation, on the demographic

parameters, of lessthan 10%.

Life table analysis

Two possible egg-hatchling survivorship estimates were used for the El. georgesi lifetable:
0.17 (the worst case scenario) and 0.67 (the best case scenario; Table 4). Juvenile and
adult f estimates were used to calculate |(x) in these stages. A b(x) of 0.96 was estimated
from the proportion of the fema e population breeding, and the number of female hatchlings
likely to be produced each season (assuming hatchling sex ratio = 1:1 mae: femde, 85.4%
eggs surviva in unpredated nests, and a clutch size of approximately 13.5 eggs). The best
caseegimation of | was 1.15 (Table 4), suggesting an increasing population, and the worst
caeedimationof | was 0.96 (Table 4), suggesting a dightly declining population.
Extrapolated over 20 generations (approximately 160 years), the best case scenario shows
apopulation expanding to over 70,000 individuds, while the worst case scenario shows a
population dropping to under 2000 individuas (Fig. 2). Survivorship of adults had higher
eadticity vaues (approximately 7.5; Fig. 3) than any other demographic parameter in any

other stage.
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Discussion

TheElseya georges population in the Bdlinger River is, at best, increasing (? = 1.15) or, at
worgt, dightly decreasing (? = 0.96). Too few datawere collected on E. macquarii to
estimate ?. Based on the low capture rate, E. macquarii islikely to be exceptiondly rarein
the Bdlinger River. Effedive management of this species therefore requires use of a
surrogate population, e.g. congeneric or alogeneric species in smilar habitats (Boyce 2002)
to predict the influences acting on 2.

Emydura macquarii differed from El. georges, asE. macquarii: 1) attains larger
maximum body sze (E. macquari = 247 mm carapace length; El. georgesi =231 mm
carapace length), 2) grows faster, and 3) lays more eggs per clutch, than El. georgesi .
Larger body sze, through faster growth, results in larger maternd body size, larger clutches
and larger hatchlings (Wilbur and Morin 1988), increasing fecundity, and adult and juvenile
surviva (Werner 1988; Janzen 1993; Shine and Iverson 1995; Heppell 1998). Greater
clutch sze directly affectsfecundity. Since E. macquarii and El. georgesi grow at a
different rate, an assessment of the modd that best represents E. macquarii growth needs
to be independently elucidated to assign ageto sizein E. macquarii. Thus, survivorship and
fecundity schedules calculated for life table andyss for E. macquarii will be different from
El. georges, leading to different values of r and ?. Hence El. georges isnot asuiteble
surrogate for moddling E. macquarii. A better candidate may be asmilar sized E.
macquarii from ageogragphicaly smilar river catcchment (eg. E. m. gunabarra fromthe

Hunter River; Cann 1998).
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The populationof El. georgesi is, in the worst case scenario declining to around
2000 individuals, and in the best case scenario increasing to around 70,000 individuds after
20 generations (gpproximately 160 years). Thus, this population is not in apparent danger
of extinction, however life table andyssis a retrogpective population modd; i.e. predictsthe
influence of changes in demographic parametersin the past on ?, and says nothing of the
influence of future changes in demography (Caswell 2000). Prospective andyses such as
sengitivity analyses (Pfister 1998; Mills and Lindeberg 2002), and eadticity analyses (e.g.
Pfister 1998; Caswell 2000; Spencer and Thompson 2004) modd the influence of future
changes in demographic rateson ?. The sengitivity analyses gpplied to the El. georgesi life
table indicate that changes in adult survivorship would have the greatest impact on El.
georges population growth. This demographic parameter is generdly agreed to have the
greatest effect on | estimatesin turtle populations (Crowder et al. 1994; Heppell and
Crowder 1994; Heppell 1998; Spencer and Thompson 2004). Fema e size digtribution of
El. georges (Fig. 2) hasawide range of sizes represented and the high adult surviva
estimates are approximately that expected of a stable turtle population (Bjornda et al.
2003; Spencer and Thompson 2004). Thus, El. georgesi size distribution appears to be
stable. More data on the survivorship of the current cohort of sub-adultsis required to
asess any likely future changesin population stability however (Heppell et al. 1996).

Thevast mgority of factors that detrimentally impact survivorship and fecundity in
freshwater turtle populations are anthropogenic (Moll and Moll 2000). A mgor
anthropogenic factor affecting numbers of many freshwater turtle populations is introduced
predators, e.g. foxes (Parmenter 1985; Thompson 1983; Mitchell 2000; Spencer and

Thompson 2004). Foxes (Vulpes vulpes) and goannas (Varanus varius) destroyed
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atificid and naturd turtle nests dong the Bdllinger River. The natura nests suffered more
predation from goannas then foxes, which may be aresult of nesting Stes being associated
with vegetation; the goanna at this Ste, Varanus varius is largely arborea (Cogger 2000).
Nest predation from goannas would not be expected to be amgjor threat to the Bellinger
River tutle population asit is likely that over the time of their co-existance an evolutionary
stable strategy (Murphy 1968) has been reached, whereby turtles can produce enough
offspring to sustain the population, despite nest predation. Introduced foxes, on the other
hand, can have enormous impacts on turtle populations through predation on eggs
(Thompson 1983; Spencer and Thompson 2003, 2004) or nesting femaes (Moll and Moll
2000; Spencer 2002b; Spencer and Thompson 2004). As ?is more senditive to adult
femde mortdity than embryonic mortdity (Heppell et al. 1996; Pfister 1998; Moll and Moll
2000; Spencer and Thompson 2004), predation on nesting females by foxes hasthe
potentid to negatively affect population growth in Bdlinger River turtles and should be

continualy monitored.

Why is E. macquarii o rare in the Bellinger River?

Given that E. macquarii is particularly common in other river systems (Cann 1998) it is
unusud that the Bellinger River populationis so smdl. No estimate of ? was possble in this
study because too few individuas were caught, but the smal numbers suggest the population
islikely to have falen below the minimum viable population size (MVP), causing the

population to decline towad extinction (Lacy 1992).
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Exclusive competition, which implies that while one species reaches carrying
capacity the other goes extinct (Hallam 1986; Gotelli 2001), may be a cause of population
declinein E. macquarii in the Bellinger River. Thediets of El. georges (Allanson and
Georges 1999; Spencer and Thompson 2001) and E. macquarii from other rivers
(Chessman 1986; Cann 1993; Spencer et al. 1998) overlap, implying the potentia for
competition. Competitive excluson is however unlikely to be driving E. macquarii to
extinction because: 1) considerable co-operative partitioning of resourcesis implicated
between native freshwater turtles, where up to 4 species may co-inhabit a (often smdl)
water body (Legler and Cann 1980; Vogt and Guzman 1988) and 2) both species are
facultative omnivores, a rategy implicit in organiams that partition resources (Diehl 2003).

The Belinger River E. macquarii differsmorphologicaly from E. maqgcuarii of
other rivers of the region (e.g. the Macleay, Clarence, Hunter; Cann 1998). Anisolated
population of Blanding's turtle (Emydoidea blandingii) sustained rapid morphologica
change under isolation (Herman et al. 1994), so morphologica divergence does not
necessarily indicate that E. macquarii did not originate from a nearby river. Only DNA
comparisons between E. macquarii in the Bdlinger River and E. macquarii of nearby
rivers (e.g. Macleay, Clarence Rivers) can positively identify if this population has been
introduced, and from which river. If the Bellinger River E. macquarii represents a recent
anthropogenic introduction, and the presence of a juvenile represents a breeding population,
it isimportant to determine the affinities of the Bellinger River E. macquarii as if itis
introduced, its continued presence may represent athreat to El. georgesi and thus should

be eradicated.



19

Acknowledgements

Research was funded by an ARC Linkage Grant and the Nationd Parks and Wildlife
Sarvice through the Fox Threat Abatement Plan and Bellinger River Caichment Grant.
Turtleswere captured under NSW Nationd Parks and Wildlife Service license numbers
S10957 and B1313, and University of Sydney Anima Ethics clearance numbers L04/12-
2003/3/3843 and L 04/12-94/2017 and NSW Fisheries license number F86/2050. T.
Landklide, D. Warner, J. Goudkamp, J. Herbert, and F. Seebacher provided valuable
feedback on adraft of the paper. M. Murphy (NSW NPWS, Coffs Harbour) was
responsible for ingtigating the study in 2000 and T. Scanlon and B. Neshitt (NSW NPWS,
Dorrigo) organised logistics and accommodation for 2000-04. Wethank A and A. Hickey,
D and P. Browning, N and J. Ralph, L. Lemke, P. Kinmon, S. Eyre, J. Kramer, P. Krug,
Thora Pole Herefords, Dreamtime, Kandahar, and Home ands Communities and Orama
Public School for access to specific Sites. The assistance of M. Murphy, G. McDonad, S.
Hull, A. Ried, C. Browne, J. Sparrow, M. Blamires, D. Booth, F. Seebacher, D. Lim, T.

Scanlon, A. Harber, T. Prior, and local volunteers was appreciated.

References

Allanson, M. A., and Georges, A. (1999). Diet of Elseya purvis and Elseya georges
(Testudines: Chelidag), asibling species pair of freshwater turtles from eastern
Audrdia Chelonian Conservation and Biology 3(3), 473-477.

Barker, R. J. (1997). Joint modding of live-recapture, tag resght, and tag-recovery data.

Biometrics 53, 666-677.



20

Bjorndd, K. A., Bolten, A. B., and Chaloupka, M. Y. (2003). Surviva probability
estimates for immeature gree turtles Chelonia mydasin the Bahamas. Marine
Ecology Progress Series 252, 273-281.

Blamires, S. J.,, Guinea, M. L., and Prince, R. I. T. (2003). Influence of nest Site selection
on predation of flatback seaturtle (Natator depressus) nests by varanid lizardsin
northern Audtrdia. Chelonian Conservation and Biology 4(3), 557-563.

Boyce, M. S. (2002). Reconciling the smadl population and declining population paradigms.
In 'Population Viability Andyss. (Eds. S. R. Beissnger, and D. R. McCullough.)
pp. 41-49. (Chicago: University of Chicago Press).

Burnham, K. P., and Anderson, D. R. (1998). 'Model Sdection and Inference: A Practica
Information-Theoretic Approach’. (New Y ork: Springer-Verlag).

Cann, J. (1993). The Bellinger and Orara Rivers Water Supply Scheme: An Aquatic Study
of Freshwater Turtles. Report, Department of Works, Coffs Harbour.

Cam, J. (1998). ‘Audrdian Freshwater Turtles. (Singapore: Beumont Publishing).

Caswell, H. (2000). Prospective and retrospective pertubation analyses: their rolesin
conservation biology. Ecology 81(3), 619-627.

Chessman, B. C. (1986). Diet of the Murray turtle Emydura macquarii Testudines
Chelidae. Australian Wildlife Research 13 (1), 65-70.

Cogger, H. G. (2000). 'Amphibians and Reptiles of Australia. 6™ Edition. (Sydney: Reed
New Holland).

Cox, W. A., Hazdrig, J. B., Turner, M. E., Angus, R. A., and Marion, K. R. (1991). A
mode for growth in the musk turtle Sternotherus minor in anorth Horida spring.

Copeia 1991(4), 954-968.



21

Crousg, D. T., Crowder, L. B., and Caswell, H. (1987). A stage-based population model
for loggerhead seaturtles and implications for conservation. Ecology 68(5), 1412-
1423.

Crowder, L. B., Crouse, D. T., Heppdll, S. S, and Martin, T. H. (1994). Predicting the
impact of turtle excluder devices on loggerhead sea turtle populations. Ecological
Applications 4(3), 437-445.

Diehl, S. (2003). The evolution and maintenance of omnivory: dynamic congraints and the
role of food quality. Ecology 84(10), 2557-2567.

Ewart, M. A. (1979). The embryo and its eggs. development and naturd history. In Turtles:
Perspectives and Research'. (Eds. M. Harless, and H. Morlock.) pp. 333-413
(New York: John Wiley & Sons).

Fabens, A. J. (1965). Properties and fitting of the von Bertdanffy growth curve. Growth
29, 265-289.

Frazer, N. B., Gibbons, J. W., and Greene, J. L. (1990a). Exploring Faben's growth
interva mode with data on along lived vertebrate, Trachemys scripta (Reptilia,
Testudinata). Copeia 1990(1), 112-118.

Frazer, N. B., Gibbons, J. W., and Greene, J. L. (1990b). Lifetable of adider turtle
population. In 'Life History and Ecology of the Slider Turtl€. (Ed. J. W. Gibbons)
pp. 183-200. (Washington, D.C.: Smithsonian Ingtitute Press).

Georges, A., Limpus, C. J., and Parmenter, C. J. (1993). Natura history of the Chelonia. In
'Fauna of AustrdiaVVolume 2A, Amphibiaand Reptilid. (Eds. C. J. Glasby, G. J. B.
Ross, and P. L. Beedey.) pp. 120-128. (Canberra: Audtrdian Government Printing

Service).



22

Gibbs, J. P., and Amato, G. D. (2000). Genetics and demography in turtle conservation. In
"Turtle Conservation'. (Ed. M. W. Klemens.) pp. 207-217. (Washington, D.C.:
Smithsonian Indtitute Press).

Gotdli, N. J. (2001). 'A Primer of Ecology'. (Sunderland, Ma.: Sinauer Associaes).

Halam, T. G. (1986). Population dynamicsin a homogeneous environment. In
'Mathematica Ecology: An Introduction’. (Eds. T. G. Halam, and S. A. Levin.) pp.
61-94. (Heideberg: Springer-Vergd)

Heppell, S. S. (1998). Application of life history theory and population model anaysisto
turtle conservation. Copeia 1998(2), 367-375.

Heppdl, S. S., and Crowder, L. B. (1996). Modds to evauate headstarting as a
management tool for long-lived turtles. Ecological Applications 6(2), 556-565.

Heppdl, S. A., Limpus, C. J,, Crouse, D. T., Frazer N. B., and Crowder L. B. (1996).
Population model andysis for loggerhead sea turtle Caretta car etta in Queendand.
Wildlife Research 23(1), 143-159.

Herman, T. B., Power, T. D., and Eaton, B. R. (1994). Status of Blanding's turtles,
Emydoidea blandingii, in Nova Scotia, Canada. Canadian Field Naturalist 108,
182-191.

Janzen, F. J. (1993). An experimental andyss of natural sdlection on body size of hatchling
turtles. Ecology 74(2), 332-341.

Kennett, R. (1996). Growth models for two species of freshwater turtle, Chel odina rugosa
and Elseya dentata, from the wet-dry tropics of northern Augtraia. Herpetologica

52(3), 383-395.



23

Lacy, R. C. (1992). The effects of inbreeding on isolated populations: are minimum
population sizes predictable. In '‘Conservation Biology: The Theory and Practice of
Nature. (Eds. P. L. Fielder, and S. K.Jain.) pp. 277-296. (New Y ork: Chapman
and Hall)

Lande, R. (2002). Incorporating stochadticity in population viability anadyss. In "Population
Viability Andyss. (Eds. S. R. Beissinger, and D. R.McCulloch.) pp. 18-40.
(Chicago: University of Chicago Press)

Legler, J. M., and Cann. J. (1980). A new genus and species of chelid turtle from
Queendand. Contributions to Science of the Natural History Museum, Los
Angeles County 324, 1-18.

Luissli, L., Capula, M., Capizzi, D., Hippi, E., Jesus, V. T., and Anibadi, C. (1997).
Problems for conservation of pond turtles (Emysorbicularis) in centrd Itdy: isthe
introduced red-eared turtle (Trachemys scripta) a seriousthreat? Chelonian
Conservation and Biology 2(3), 417-419.

Mahon, P. (2001). 'Threatened Species Abatement Plan-Foxes. (Sydney: NSW Parks and
Wildiife Service).

McCallum, H. (2000). 'Population Parameters. Estimation for Ecological Models. (Oxford:
Blackwd| Scientific).

Mills, L. S,, and Lindeberg, M.S. (2002). Sengitivity andysis to evaluate the consequences
of consarvation actions. In 'Population Viability Andyss. (Eds. S. R. Beissinger,

and D. R. McCullough.) pp. 338-366. (Chicago: Chicago University Press).



24

Mitchell, J. C., and Klemens, M. W. (2000). Primary and secondary effects of habitat
dteration. In'Turtle Conservation'. (Ed. M. W. Klemens.) pp. 5-32. (Washington,
D.C.: Smithsonian Inditute Press).

Moall, E. O., and Mall, D. (2000). Conservation of river turtles. In "Turtle Conservation'.
(Ed. M. W. Klemens.) pp. 126-155. (Washington, D.C.: Smithsonian Ingtitute
Press).

Murphy, G. |. (1968). Pattern in life history and the environment. American Naturalist
102, 391-403.

Nisbet, R. M., and Gurney, W. S. C. (1986). The formulation of age structured models. In
'Mathematica Ecology: An Introduction'’. (Eds. T. G. Hdlan, and S. A. Levin.) pp.
95-115. (Heiddburg: Springer-Vergd).

NSW Nationd Parks and Wildlife Service (2001). 'Bdlinger River Emydura Emydura
macquarii (Belinger River) Recovery Plan.' (Hurstvillee NSW Nationa Parks and
Wildife Service).

Parmenter, C. J. (1985). Reproduction and survivorship of Chelodinalongicollis
(Testudinata: Chelidag). In '‘Biology of Audtrdasian Frogs and Reptiles. (Eds. G.
Grigg, R. Shine, and H. Ehmann.) pp. 53-61. (Chipping Norton: Surrey Bestty and
Sons).

Prister , C. A. (1998). Patterns of variance in stage- structured populations: evolutionary
predictions and ecologicad implications. Proceedings of the National Academy of
Science 95, 213-218.

Schoener, T. W., and Schoener, A. (1978). Estimating and interpreting body-Sze growth in

some Analis lizards. Copeia 1978(3), 390-405.



25

Schoener, T. W., and Spiller, D.A. (1996). Devagtation of prey diversity by experimentaly
introduced predatorsin the field. Nature 381, 691-694.

Sexton, O. J. (1959). A method for estimating age of painted turtles for use in demographic
studies. Ecology 40, 716-718.

Shine, R, and Iverson, JB. (1995). Petterns of surviva, growth and maturation in turtles.
Oikos 72(2), 343-348.

Smons, T. R. (1984). A population mode of the endangered Hawaiian dark-rumped petrel.
Journal of Wildlife Management 48(4), 1065-1076.

Snedecor, G.W., and Cochran, W.G. (1980). 'Statistical Methods. (Ames: lowa State
Universty Press).

Spencer, R.-J. (2002a). Growth patterns of two widely distributed freshwater turtlesand a
comparison of common methods used to estimate age. Australian Journal of
Zoology 50(5), 477-490.

Spencer, R. -J. (2002b). Experimentaly testing nest Site selection: fitness trade offs and
predation risk in turtles. Ecology 83(8), 2136-2144.

Spencer, R.-J., and Thompson, M. B. (2001). The Ecology and Status of Emydura
macquarii and Elseya georgesi in the Bdlinger River. Report, University of
Sydney, Sydney.

Spencer, R. -J., and Thompson, M. B. (2003). The sgnificance of predetion in nest site
selection of turtles: an experimenta consideration of macro- and microhabitat

preferences. Oikos 102, 592-600.



26

Spencer, R. -J., and Thompson, M. B. (2004). Experimentd andysis of the impact of foxes
on freshwater turtle populations using large- scale fidld and modelling techniques:
implications for management. Conservation Biology in press.

Spencer, R.-J., Thompson, M. B., and Hume, |. D. (1998). The diet and digestive
energetics of an Audrdian short-necked turtle, Emydura macquarii. Comparative
Biochemistry and Physiology 121(4), 341-349.

Stancyk, S. E., Tdbert, O. R., and Dean, J. M. (1980). Nesting activity of the loggerhead
turtle Carretta carretta in South Carolinall: protection of nests from raccoon
predation by transplantation. Biological Conservation 18, 289-298.

Thompson, M. B. (1983). Populations of the Murray River tortoise, Emydura: the effect of
egg predation by the red fox Vulpes vulpes. Australian Wildlife Research 10(2),
363-372.

Triggs, B. E. (1996). 'Scats Tracks and Other Traces. (Oxford: Oxford University Press).

Vogt, R. C. and Guzman, S. G. (1988). Food partitioning in a neotropica freshweter turtle
community. Copeia 1988(1), 37-47.

Werner, E. E. (1988). Size, scaing, and the evolution of complex life cycles. In'Size
Structur ed Populations: Ecology and Evolution'. (Eds. B. Ebenman, and L.
Persson.) pp. 60-81. (Berlin: Springer-Verlag).

Wilbur, H. W., and Morin, P. J. (1988). Life history evolution in turtles. In ‘Biology of the
Reptilid. Volume 16. (Eds. C. Gans, and R. B. Huey.) pp. 387-439. (New Y ork:
Alan Liss, Inc.).

Winsor, C. P. (1932). The Gompertz curve as agrowth curve. Proceedings of the

National Academy of Sciences USA 18, 1-8.



27

Table 1. Mean measurements. Carapace Length (CL), Carapace Width (CW), Plastron
Length (PL), Plastron Width (PW), and Mass, and sample size (n) for femae (F), male (M)
and Juvenile (J) Bellinger River Elseya georgesi and Emydura macquarii. Vaduesare

mean + 1 sandard error. Rangeisin parentheses. All vaues are straight-line messuements.

Species Sex n CL Ccw PL PW Mass
(mm) (mm) (mm) (mm) )
El. 170 2039+1.6 1614+12  1652+13 755+07 977.3+239
georges (154-231) (130-215) (127-185)  (56-91)  (375-1430)
221 161.1+0.9 1259+0.6  1282+0.7 579+09 4622+7.9
(129-212) (107-167) (81-146) (48-73) (250-1060)
75 1204+47 104.1+35 97.8+39 449+19 2188+234
(69-130) (66-113) (57-115) (25-66) (40-520)
E. 4 2233 + 172.6 + 8.6 184.2 + 66.0 1125.0 +
macquarii 13.7 (151-187) 30.8 505.0
(189-247) (153-215) (620-1630)
6 170.7+79 136.6+55 1339+92 527+33 4188+57.2
(148-190) (113-146) (118-154) (46-56) (300-550)
1 127 117 9% 43 400
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Table 2. Reaults of the artificid nest experiment showing surviva and % surviva at the Sites

2 (1, densely vegetated Site, and 2, sparsaly vegetated site) for the variables: location

(riverbank and above dune), nest depth (40 mm and 180 mm).

Ste  Locaion NestDepth N N Survived

(mm)

% Survivdl  Cause of mortdity

1 riverbank 40

[

riverbank 180

1 above dune 40

1 above dune 180

2 riverbank 40

2 riverbank 180

2 above dune 40

2 above dune 180

17

17

67

50

67

Goanna, flood, fox
Goanna, flood, fox
Cattle, flood, fox
Cattle, fox
Goanna, flood, catle
Fox
Cattle, fox

Cattle, fox
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Table 3. Residua mean square (RMS) error, asymptotic size (a, measured as Straight
plastron length), and intrinsic growth rate, k, for the Bellinger River El. georgesi population,
and comparison of k with the Murray River E. macquarii population. * source: Spencer

(20024).

M odel RMS a k k

error Murray River E. macquarii*

Von Bertdanffy Mde 12.0 137.9 011 0.23
Femde 18.6 176.1 0.14 0.20
Logigtic Mde 15.6 141.5 043 0.84
Femde 23.6 186.3 0.33 0.72

Gompertz Mde  18.7 142.9 047

Femde 28.4 184.4 0.40
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Table 4. Life table for El.georges showing age (x), fecundity schedule (b(x)), survivorship

probability (f ), and survivorship schedule (1(x)) across the egg-hetchling (E/H), juvenile (J),

and adult (A) life higtory stages (S = sum of column). Theintringc rate of population growth

(r) and finite rate of population growth (?) is calculated for best case (f g1 = 0.67) and

worst case (f gn = 0.17) scenarios.

Best case scenario Wordt case scenario
Stage  Age(X)  b(x) f 1(x) b()I(x) f 1(X) b(x)I(x)

0 0 0 0 0 0 0 0 0
EH 1 0 0.67 0.67 0 0.17 0.17 0

J 1 0 0.58 0.39 0 0.58 0.10 0

A 8 0.96 0.86 0.34 0.33 0.86 0.08 0.08

S 0.33 0.08

r 0.14 0.04

? 1.15 0.96
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Fig. 1. Size (draight cargpace length; in mm) digtribution of mae and femae Bellinger River

turtles Elseya georgesi and Emydura macquarii.

Fig. 2. Population sze (N) of the Bellinger River El. georgesi population extrapolated over
1,2,5,10 and 20 generations from the equation , Nt = ? No, where 2= finiterate of
increase, N o= population size at generation O, N = population size after generation
t [? = populaion changeif ?= 1.15 (the best case scenario) and | = population

change if ?=0.96 (the worst case scenario)].

Fig. 3. Eladticity vauesfor fecundity, growth and surviva across the life history stages:
egg/haichling (eggs), juvenile, and adult, for the Bdlinger River El. georges

population.
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