








301

I sotopic  n iche in  Chelodina longicol l i s

study sites and demographic groups (F2,112=3.4, p=0.012) 
and no relationship between δ13C and carapace length 
(p=0.119, r=0.67).

Niche widths using SEAB were similar for all demographic 
groups in each habitat type, except in the rural area where 
juveniles showed smaller niche width than males (Fig. 
2; Table 2). Demographic groups showed less variability 
in the degree of niche overlap in the nature reserve and 
suburban area, while niche overlap was more variable in 
the rural area, with juveniles and females encompassing a 
smaller degree of males’ niche (Fig. 3; Table 3).  

DISCUSSION

The present results suggest that C. longicollis had 
distinctive isotopic composition within the different 
environments. Considering intraspecific variation among 
demographic groups, our results demonstrate that within 
each habitat, juveniles, adult males and adult females 
seem to feed on the same trophic level, as differences in 
δ15N, an indicator of trophic positions, were not superior 
to the threshold limit of 3.4‰ (DeNiro & Epstein, 1981). 

Fig. 3. Isotopic niche (corrected standard ellipses) use of eastern long-necked turtle (Chelodina longicollis) in a nature 
reserve (A), rural (B), and suburban (C) habitats in the Australian Capital Territory, Australia (Juveniles: white dots with 
tick line; adult males: black dots with smaller dashed lines; adult females: grey dots with larger dashed lines).

Fig. 2. Estimates of Bayesian standard ellipse areas (SEAB) in juvenile, adult male and adult female eastern long-
necked turtles (Chelodina longicollis) in nature reserve (A), rural (B) and suburban (C) habitats in the Australian Capital 
Territory, Australia. Black dots correspond to the mean SEAB for each group, and shaded boxes representing the 50%, 
75% and 95% credible intervals from dark to light grey.
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The technique represents another perspective on feeding 
ecology studies in chelonians, as the isotopes of δ13C and 
δ15N reflect the diet over long periods in turtles, contrary 
to the more common techniques such as stomach 
flushing that represent a snapshot of recently consumed 
items (Seminoff et al., 2007).  

Variation in δ15N and δ13C values in the tissue of 
C. longicollis inhabiting natural, rural and suburban 
sites could reflect local dietary variation among sites. 
Chelodina longicollis is a carnivorous and opportunistic 
species (Chessman, 1984; Georges et al., 1986). 
Nature reserve turtles could be feeding primarily on 
macroinvertebrates, which is the bulk of their diet 
in natural settings (Chessman, 1984; Georges et al., 
1986). In addition to macroinvertebrates, suburban 
turtles could also be scavenging on dead carp (Cyprinus 
carpio) or other non-native fish, which are abundant 
in the suburban lakes but not present in Mulligans Flat 
Nature Reserve (Lintermans, 2000), and such behaviour 
was observed by radio-tagged suburban turtles during 
a concurrent telemetry study (Ferronato et al.,  2016). 
Consistent with this explanation, a long-necked turtle 
from South America, Phrynops geoffroanus, has a 
completely different diet in urban and natural habitats 
(Fachin-Teran et al., 1995; Souza & Abe, 2000; Ferronato 
et al., 2013).  

Alternatively, isotopic variability in turtle tissues may 
reflect differences in the isotopic composition of prey 
tissues, rather than dietary differences among habitats 
(Hoeinghaus & Zeug, 2008). An enrichment in δ15N has 
been observed in painted turtles (Chrysemys picta) 
inhabiting rivers and ponds in an agricultural landscape 
compared to a pristine pond, which was caused by 
differences in baseline δ15N values among sites, and not 
due to differences in turtles’ trophic position between 
habitats (Hofmeister et al., 2013). Besides statistical 
differences in δ13C values among sites in the present 
study, the differences were small and turtle tissues from 
all the study sites could reflect the isotopic composition 
of the aquatic macrophytes in their local habitat. Boon 
& Bunn (1994) and Deegan & Ganf (2008) reported 
δ13C values for aquatic macrophytes in Australia with a 
range of -24‰ to -30‰, which are within the range of 
our findings. Further analysis of turtle stomach contents, 
isotopic composition of prey, and external sources of 
nitrogen input in this system are in need to elucidate the 
cause of variation in δ15N in our study.

Chessman (1984) demonstrated that adult male and 
female C. longicollis overlap in their diet in the Murray 
River, with some degree in feeding habit differences 
between adults and juveniles. However, differences in 
diet between adult and juvenile turtles were minimal 
and limited by small sample sizes for turtles below 10 
cm carapace length (Chessman, 1984). Our results 
demonstrate, through nitrogen assimilation, that 
males, females and juveniles overlap in their diet 
in all habitats studied. Such findings reiterate the 
generalist and opportunistic feeding behaviour of C. 
longicollis (Chessman, 1984; Georges et al., 1986), and 
help to cover the gap in the diet of small juveniles’ C. 
longicollis. Although some studies have demonstrated 

that hatchlings can reflect their maternal isotopic 
composition (Jenkins et al., 2001; Frankel et al., 2012), 
our investigation covered a wide range of juvenile sizes, 
which did not include hatchlings. In addition, turtles are 
likely feeding on the same trophic level within habitats. A 
shift in trophic level generally represents a mean value of 
3.4‰ for δ15N (DeNiro & Epstein, 1981), but differences 
between δ15N for juveniles and adult females in the 
nature reserve, representing the widest range in δ15N 
among samples in our study, were approximately 1.3‰.

Considering our results of niche width and niche 
overlap in δ13C- δ15N space, we observed that turtles in 
natural, rural and suburban habitats showed a high degree 
of overlap among the demographic groups, except for 
juveniles and males in the rural site which showed low 
overlap and significant differences in niche width. The 
primary driver of this variation was δ13C, and not δ15N 
(see Results), which could be related to use of space and 
basal sources of energy than to trophic position in the 
food web (Newsome et al., 2007). These findings likely 
reflect similarity in the variety of resources consumed 
among individuals in each study site, as pointed out 
previously. 

Although caution has been noted in interpreting δ15N 
results from turtles in an agricultural landscape without 
δ15N baseline values (Hofmeister et al., 2013), the ultimate 
reasons for differences in δ15N values in turtles along 
urban-natural habitats remains unclear in the present 
study. One possible cause of δ15N spatial variation among 
sites relates to nitrogen enrichment of prey (Hoeinghaus 
& Zeug, 2008), and ultimately turtles. In this scenario, 
isotopic enrichment in predator and prey tissues could 
be a result of variation in nutrient cycling in food webs, or 
differences in sources of input among study sites. Future 
research should focus on comparing denitrification rates 
among habitats (Hofmeister et al., 2013), nutrient cycling 
and food web dynamics (Jefferies, 2000; Polis et al., 1997), 
as well as sources of anthropogenic nitrogen output into 
the systems (Harrington et al., 1998; Groffman et al., 
2004). An alternative explanation for the observed δ15N 
spatial variation relates to differences in feeding habits 
and food availability for turtles among sites. Future 
studies should include sampling more replicates within 
each habitat type and focus on using complementary 
techniques to evaluate turtle diet. Thus, stomach 
flushing and fecal analysis used together can increase 
our understanding of feeding habitats and intraspecific 
variation in turtles while quantifying resource availability 
and isotope composition of prey among study sites. 
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