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1  | INTRODUC TION

Site fidelity is the dispersal distance restriction of an animal and its 
tendency to return to a stationary site (Switzer,  1993). The most 
well-known and well-documented example of site fidelity is the 
nest-site fidelity of egg-laying animals, for example, turtles, including 
both sea (Tucker, 2010) and freshwater turtles (Bona et al., 2012). 
However, to our knowledge, home-site fidelity, that is, the ability of 

an animal to remain at its home site without being displaced (Andres 
& Chambers,  2006), is only exhibited by very few freshwater tur-
tles, and their fidelity is reportedly very low. For example, common 
musk turtles Sternotherus odoratus exhibit only 15% fidelity (recap-
tured individuals in original site/total individuals) to their home site 
(Andres & Chambers, 2006). Homing behavior, that is, the ability of a 
displaced animal (moved from a familiar site to an unfamiliar one) to 
return to its home site, is another aspect of home-site fidelity. A few 
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Abstract
Site fidelity refers to the restriction of dispersal distance of an animal and its tendency 
to return to a stationary site. To our knowledge, the homing ability of freshwater tur-
tles and their fidelity is reportedly very low in Asia. We examined mark–recapture 
data spanning a 4-year period in Diaoluoshan National Nature Reserve, Hainan 
Province, China, to investigate the site fidelity and homing behavior of big-headed 
turtles Platysternon megacephalum. A total of 11 big-headed turtles were captured, 
and all individuals were used in this mark–recapture study. The site fidelity results 
showed that the adult big-headed turtles (n = 4) had a 71.43% recapture rate in the 
original site after their release at the same site, whereas the juveniles (n = 1) showed 
lower recapture rates (0%). Moreover, the homing behavior results showed that the 
adults (n = 5) had an 83.33% homing rate after displacement. Adult big-headed tur-
tles were able to return to their initial capture sites (home) from 150 to 2,400 m away 
and precisely to their home sites from either upstream or downstream of their cap-
ture sites or even from other streams. However, none of the juveniles (n = 4) returned 
home, despite only being displaced 25–150 m away. These results indicated that the 
adult big-headed turtles showed high fidelity to their home site and strong homing 
ability. In contrast, the juvenile turtles may show an opposite trend but further re-
search is needed.
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freshwater turtle species, such as the common musk turtle, painted 
turtle Chrysemys picta, spotted turtle Clemmys guttata, and red-eared 
slider Trachemys scripta elegans, have been reported to show homing 
behavior (Ernst, 1968; Andres & Chambers, 2006). Most freshwater 
turtle species belong to the order Chelonia, but despite Asia having 
one of the highest diversity of chelonians worldwide (Mittermeier 
et al., 2015), there are no reports on the home-site fidelity and hom-
ing behavior of Asian turtle species. Interestingly, we once found 
that an adult big-headed turtle Platysternon megacephalum (Figure 1), 
which previously translocated to a different stream in Diaoluoshan 
National Nature Reserve in April 2015, was recaptured at the origi-
nal site, that is, the initial capture stream, in May 2016. Considering 
this, we hypothesized that big-headed turtles exhibit homing behav-
ior and have high fidelity to their home site. To test this hypothe-
sis, we examined mark–recapture data spanning a 4-year period in 
Diaoluoshan National Nature Reserve, Hainan Province, China, to 
determine whether turtles caught at specific locations were recap-
tured at their initial capture sites during the same year or subsequent 
years to investigate their site fidelity. In addition, recapture data for 
turtles released at their capture sites and those released at sites 25–
2400 m away were analyzed to determine whether the turtles exhib-
ited homing behavior.

2  | MATERIAL S AND METHODS

Field studies were conducted in the Diaoluoshan National Nature 
Reserve, Hainan Province, China, within an altitude range of 500–
1050 m a. s. l. from 2015 to 2019 (except 2017). Population density of 
the big-headed turtle was 1.65 individuals per km in our study area, 
and they have been less affected by hunting in recent years under 

the strict management of the nature reserve (Xiao et al., 2021). Long 
cylindrical nylon cages (length: 60 cm, diameter: 33 cm; baited with 
dried fish) were arranged along the stream at an interval of ~30 m. 
The traps were set for a total of 3 days and checked every morn-
ing. After capture, the carapace length of each individual was re-
corded, and their sex and age-group were determined. Females and 
males with mean carapace lengths of more than 100 and 130 mm, 
respectively, were regarded as adults (Sung et al., 2015a). For iden-
tification, captured turtles were uniquely marked on their marginal 
scutes, with care to avoid injury. Marked individuals were released 
at their capture sites (original or home sites) or a translocation site 
for the site fidelity experiment and then recaptured at their origi-
nal site or release site throughout the year, as well as during sub-
sequent years. Translocation sites were not randomly chosen; they 
were, instead, the original sites of another turtle (Figure  2) under 
two presumptions (a) that different individuals of the same species 
would prefer similar habitats and (b) that the habitats of the trans-
location sites would be similar in habitat types and characteristics 
of the original sites. We calculated the recapture rate as the ratio 
of the times the turtles were recaptured in the original sites and the 
total time of recapture. This recapture rate was used as an indicator 
of site fidelity, where a high recapture rate in the original site would 
indicate a high site fidelity. In the homing behavior experiment, the 
recapture rate in the original site was used as the homing rate. In ad-
dition, the geographic coordinates of the original and translocation 
sites were determined using a hand-held global positioning system 
unit and the trajectory distance along the streams to represent the 
distance between the original and translocation sites. For adults, the 
translocation sites were 150–2400 m away (except 35 m for one in-
dividual), which is beyond an adult home range distance (97 m; Sung 
et al., 2015b), whereas juveniles were released 25–150 m away. At 
the end of the experiment, all cages were removed to avoid harm-
ing the local wildlife, and all recaptured individuals were released at 
their original sites.

3  | RESULTS

From 2015 to 2019 (except for 2017), a total of 11 big-headed turtles 
were captured (n = 3 females, n = 3 males, and n = 5 juveniles). These 
individuals were used in this mark–recapture study. The site fidelity 
experiment between 2016 and 2019 revealed that adult big-headed 
turtles (n = 1 female and n = 3 males) showed a high recapture rate 
in the original site (71.43%, 5 recaptures in the original site/7 total 
recaptures) after their release at the original site, whereas the juve-
niles showed lower recapture rates (0%, there were two subsequent 
trapping efforts after initial trapping for 1 individual but it was never 

F I G U R E  1   The big-headed turtle Platysternon megacephalum 
from wild of Hainan Island. Photograph was taken by Fanrong Xiao

F I G U R E  2   The capture sites (CS), release sites (RS), and recapture sites (RCS) of the adult (A) and the juvenile (B) big-headed turtles 
used in the homing behavior experiment. The image in the top left of (A) shows the location of the study site in Diaoluoshan National 
Nature Reserve (depicted in blue) on Hainan Island, China. The home site of turtle No. 1 differed between the two recaptures because of 
the destruction of its microhabitat (under a bridge) by human interference in 2018. These sites are in the streams, but these relatively small 
streams cannot be shown without ready-made layers
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caught again) (Table 1). The homing behavior experiment between 
2015 and 2019 revealed that adults (n = 3 females and n = 2 males) 
showed a very high homing rate after displacement, that is, as high as 
83.33% (5 recaptures in the original site/6 total recaptures; Table 2). 
Adult big-headed turtles were able to return to their initial capture 
sites (home) from 150 to 2,400 m away (Figure 2a) and precisely to 
their home sites from either upstream or downstream of their cap-
ture sites or even from other streams (Table 2). However, none of 
the juveniles (n = 4) returned home, despite only being displaced 25–
150 m away (Table 2). In contrast, the release site fidelity (recapture 
rate in the release site = 3/4 = 75.00%; Figure 2b) was exhibited by 
juveniles for over 2 months in 2019. These findings indicated that 
adult big-headed turtles have a strong homing ability, but juveniles 
do not.

4  | DISCUSSION

Our findings provide the first evidence of home-site fidelity and 
homing behavior in adult big-headed turtles. These traits are con-
sidered to have fitness advantages in almost all instances because 
they reinforce the knowledge of the location of food sources, shel-
ters from predators, and the local ecological community (Andres & 
Chambers, 2006). In the present study, we used the original capture 
sites as the translocation sites of the other turtles, with the pre-
sumptions that (a) the microhabitats of the translocation sites would 
be similar to those of the home sites of translocated turtles because 
(b) different individuals of the same species would prefer similar 
habitats. Therefore, it is assumed that the observed behaviors in the 
present study were not caused by the unsuitability of the microhabi-
tats of the translocation sites. In contrast, the territoriality of big-
headed turtles (Gong et al., 2019) may explain their high home-site 
fidelity and homing rates.

We found that adult big-headed turtles could find their way back 
to their home sites after displacement to 150–2400 m away, which 
is beyond their home range distance (Sung et al., 2015b), even after 
displacement to different streams. Previous studies have demon-
strated that chemical signals (smell), spatial memory (experience), 

and sun compass navigation play important roles in the navigation 
of freshwater turtles (Roth & Krochmal,  2015; Yeomans,  1995), 
whereas sea turtles navigate using a geomagnetic map (Lohmann 
et al., 2004). The role of chemical signals in the long-distance ori-
entation of big-headed turtles can be excluded because they could 
return to their home sites when displaced to different streams or 
upstream from their home sites. However, they may use chemical 
signals to identify their home sites within a range after orientation 
using other means. Although yearling snapping turtles Chelydra ser-
pentina use a geomagnetic compass to orient in a laboratory setting 
(Landler et  al.,  2015), there is no strong evidence that freshwater 
turtles use a geomagnetic map to navigate in natural habitat, and 
further investigations are needed to determine whether big-headed 
turtles have the ability to use geomagnetic navigation. In contrast, 
some field studies of freshwater turtles in natural habitats had sug-
gested that a sun compass enables freshwater turtles to maintain 
their orientation when environmental cues were not visible (DeRosa 
& Taylor,  1978, 1982; Caldwell & Nams,  2006; Krenz et  al.,  2018; 
Pappas et al., 2009). Therefore, big-headed turtles may use sun com-
passes to find their way home. Moreover, navigation in freshwater 
turtles has been shown to depend on their spatial memory, with 
hatchlings having a limited ability that increases with age (Roth & 
Krochmal,  2015). In the present study, juvenile big-headed turtles 
remained in the release sites instead of returning to their previous 
capture sites, despite the distance between the two sites being 
very short. Therefore, we also inferred that big-headed turtles in 
the tropical forest might rely on spatial memory to navigate back 
to their home sites. This notion may also explain why only the adult 
big-headed turtles, but not the juveniles, exhibited high home-site 
fidelity and homing rate.

5  | CONCLUSION

In conclusion, this study demonstrated high fidelity of adult big-
headed turtles to their home sites and confirmed homing behavior 
in this species. Further research is needed to clarify the mecha-
nisms underlying these behaviors. However, for juvenile big-headed 

TA B L E  1   Home-site fidelity (recapture rate in the home or original capture site) of big-headed turtles (Platysternon megacephalum)

No. Age stage
Carapace length 
(mm) Sex

Capture 
date

Capture and release 
site

Recapture 
date

Recapture 
site

Home-site 
fidelity

2 Adult 126.95 Female May 2016 Home Jul. 2018 Home 71.43% (5/7)

Jul. 2018 Home May 2019 Home

3 167.39 Male May 2016 Home Jul. 2018 Home

Jul. 2018 Home May 2019 Home

4 141.33 Male May 2016 Home Jul. 2018 Not found

May 2019 Home

5 131.89 Male Oct. 2018 Home May 2019 Not found

7 Juvenile 85.91 — May 2016 Home Jul. 2018 Not found 0% (0/2)

May 2019 Not found

Note: “No.” refers to the unique number assigned to each turtle, and “Not found” indicates that the individual was not found in their home site.
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turtles, whether they have home-site fidelity and homing behavior 
should be judged with caution because of the small sample size and 
an unclear home range distance, which are limitations of this study. 
In the juvenile homing behavior experiment, a home range distance 
within 45 m resulted in the turtles not returning to their original site 
when translocated no more than 45  m because they were still in 
their home site range. Thus, the 75% release site fidelity in this study 
may be indicated instead of their fidelity to the home site.
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