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Freshwater turtles are essential components of aquatic ecosystems and face unprecedented pres-
sures from habitat destruction, overexploitation, and hydrological alteration. Here, we combined
800 structured interviews with 163 field survey days across 14 provinces in northern Vietnam and
Houa Phan Province, Laos (2019-2025), to assess spatial variation in freshwater turtle diversity
and community structure. We also focused on the potential temporal shifts in the distribution of
the almost extinct Rafetus swinhoei. The surveyed sites were assigned to three zones with different
hydrological and habitat features (1 = Red River, 2 = Da River, 3 = Chu River). A total of 233 veri-
fied records represented 11 species, including two non-native taxa (Chelydra serpentina and Trache-
mys scripta elegans). The assemblage was dominated by Pelodiscus sp. (60.9% of records) and Maure-
mys sinensis (28.3%), with an overall low diversity (H' = 1.06). A Whittaker rank-abundance analy-
sis revealed a steep decline in relative abundance after the species ranked 1 and 2, confirming high
community unevenness. Zone 1 exhibited the highest Shannon-Wiener index. A Detrended Corre-
spondence Analysis revealed that the three zones are characterised by ecologically distinct turtle
assemblages. Chi-square analysis of R. swinhoei records accounting for effect sizes indicated signifi-
cant spatial and temporal contraction, with recent sightings almost exclusively confined to the Da
River basin. Generalised linear models indicated that dam presence was the strongest predictor of
turtle abundance, with zones containing dams exhibiting an estimated 2.57-fold higher total abun-
dance. However, this apparently counterintuitive pattern was due only to Pelodiscus sp. and M.
sinensis, two highly generalist species. All other factors showed no significant effect. Collectively,
these findings suggest (i) that turtle assemblages are taxonomically distinct across the three zones
and (ii) substantial declines in both diversity and distribution, particularly for large softshell spe-
cies, throughout the whole region.
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Freshwater turtles play an important
role in the functioning of aquatic ecosys-
tems (LovicH et al., 2018). They contribute
to nutrient cycling through processes such
as decomposition and excretion (LiNDsAY
et al., 2013). Turtles also rapidly consume
carrion, accelerating water quality recov-
ery in mesocosms, highlighting their role
as key scavengers regulating freshwater
ecosystem processes (SANTORI et al., 2020).
In addition, certain species facilitate the
dispersal of seeds from aquatic and ripari-
an plants (reviewed by FaLcon et al., 2020).
Their reliance on both aquatic and terres-
trial habitats means that alterations in hab-
itat connectivity (e.g. from river engineer-
ing, wetland drainage, or urban develop-
ment) can significantly affect their move-
ment, distribution, and survival (STOKELD
et al., 2014). Additionally, their sensitivity
to water quality parameters such as dis-
solved solids and pollutants, coupled with
vulnerability to overharvesting and other
anthropogenic disturbances,
measurable changes in their abundance,

results in

behaviour, and community composition
(Hassant et al., 2019; YOUSEFKHANI et al.,
2022). Collectively, these traits make fresh-
water turtles valuable indicators of ecosys-
tem integrity. However, these species are
now among the most threatened verte-
brate groups worldwide. Indeed, more
than half of all recognised turtle and tor-
toise species are classified as threatened
(i.e. vulnerable, endangered or critically
endangered) when data-sufficient draft
assessments are considered (=53.8% in
2025), and this proportion rises to about
58.5 % when adjusting for data deficient
species  (TURTLE
Group, 2025).

Taxonomy WORKING

Southeast Asia has emerged as a global
hotspot for both freshwater turtle diversity
and a turtle conservation crisis, driven by
rapid habitat destruction, overexploita-
tion, and the extensive wildlife trade. The
region harbours one of the world’s highest
diversities of freshwater turtle species, yet
it also contains the greatest number of
threatened taxa (Ruopin et al., 2018; Stan-
FORD et al., 2020). This alarming pattern
largely stems from extensive deforestation,
wetland conversion, and unsustainable
exploitation for food, traditional medicine,
and the pet trade (NMAN & SHEPHERD,
2015; Stanrorp et al., 2020). Large-scale
development projects, particularly dam
construction, have further intensified these
pressures. For example, in Thailand,
THIRAKHUPT & VAN Dyk (1994) found that
within approximately 50-80 km down-
stream of a major dam, altered thermal
and oxygen regimes—marked by lower
water temperatures and reduced dissolved
oxygen—combined with increased riv-
erbed scouring from regulated flow releas-
es, led to the degradation of sandbank
habitats critical for large softshell turtles of
the genus Chitra.

Northern Vietnam and adjacent regions
of Laos harbour a rich assemblage of na-
tive freshwater turtle species, alongside
some introduced and potentially invasive
taxa (DucorTERD et al., 2022). Despite this
high diversity, the composition, structure
and spatial variation of turtle communities
in the region remain insufficiently studied
and poorly understood (DucoTterp et al.,
2022). Over recent decades, freshwater
turtle communities in Vietnam and Laos
are believed to have undergone marked
shifts in species composition and cata-
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strophic declines in abundance, driven by
multiple anthropogenic pressures and es-
pecially dam construction (e.g. on the Da
River basin, northern Vietnam; Le Duc et
al.,, 2020). Indeed, dam-induced habitat
alteration significantly limits freshwater
turtle dispersal, reproduction, and long-
term persistence (Norris et al., 2018; Bar-
CENAS-GARCIA et al., 2022).

The hydrological complexity of Laos
and northern Vietnam, in particular the
Red River basin and its major tributaries
such as the Pa (Black) and Lo Rivers, gen-
erates a mosaic of aquatic habitats, includ-
ing large rivers, tributaries, lakes and man-
made reservoirs (Luu Tur NGuYEeT ef al.,
2010; CasteLLETTI et al., 2012). These envi-
ronments differ markedly in flow regime,
sediment load, and anthropogenic pres-
sure, and these differences may strongly
influence the distribution and composition
of freshwater turtle assemblages. Under-
standing how these environmental gradi-
ents affect turtle assemblages is therefore
critical for developing effective conserva-
tion strategies.

Research efforts in the region have pre-
dominantly targeted single, high-profile
species of exceptional conservation con-
cern, most notably Rafetus swinhoei, widely
regarded as the world’s rarest turtle
(BerTtELHEIM, 2012; PriTCHARD, 2012; PHAM
Van et al., 2022; LuiseLtt et al., 2024). Alt-
hough the conservation crisis surrounding
R. swinhoei has drawn substantial interna-
tional focus, the composition, distribution,
and status of other freshwater turtle spe-
cies occupying the same river systems re-
main poorly documented (DucOTTERD et
al., 2022; Lk et al., 2024). The scarcity and
patchiness of available records likely con-

tribute to an incomplete, and in some cases
possibly exaggerated, perception of extinc-
tion risk across regional species. These
assemblages include both threatened en-
demics and resilient generalists, and stud-
ying them collectively provides valuable
insights into the current status of the fresh-
water turtle fauna in the region and even
on the ecological health of aquatic habitats
and the cascading effects of human dis-
turbance.
Conservation-orientated  studies in-
creasingly highlight the importance of lo-
cal ecological knowledge to complement
scientific data,
where species are elusive or populations

particularly in regions

are sparse (DEmava et al., 2019). Structured
interviews with fishers and former hunters
have proven effective in identifying histor-
ical sites of turtle occurrence, habitat pref-
erences, and even temporal trends in
abundance (Puam VaN et al.,, 2020, 2022).
When combined with targeted field sur-
veys, this approach provides a compre-
hensive understanding of species distribu-
tion across large and often inaccessible
landscapes.

The present study integrates seven
years (2019-2025) of interview-based sur-
veys and field observations across 14 prov-
inces in northern Vietnam and Houa Phan
Province in Laos. By analysing a large
number of face-to-face questionnaires ad-
ministered to fishers and turtle hunters
and the direct sightings of turtle individu-
als through 163 field days of data collec-
tion, we aimed to (i) assess temporal
patterns of occurrence, based on both re-
cent and historical records, for the charis-
matic and almost extinct R. swinhoei, (ii)
summarise the diversity and distribution
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of freshwater turtle species, and (iii) evalu-
ate whether distinct river basins in the re-
gion are characterised by turtle assemblag-
es differing in species composition and
relative abundance.

MATERIALS AND METHODS

Study area

The study covered 14 provinces across
northern Vietnam and Houa Phan Prov-
ince (Laos). Surveys were grouped into
three hydrological zones (Table 1). Each
zone presents distinct geomorphological,
hydrological and anthropogenic character-
istics that are directly relevant to freshwa-
ter turtle ecology. The landscapes of the
three zones are shown in Figure 1.

Zone 1: Red River Basin. The Red River
is a major transboundary system, originat-
ing in China and flowing through north-
ern Vietnam to the Gulf of Tonkin. The
basin receives monsoonal rainfall, with the
majority of precipitation occurring be-
tween May and October (VinH et al., 2014).
Key hydrological features include a flood-
plain-dominated lower reach, with season-
al flooding that supports lentic habitats
and large-river floodplain systems. These
hydrological and habitat characteristics
imply that the Red River basin offers
broad floodplain-lake mosaics, turbid wa-
ters, slower flow velocities in many seg-
ments, and potentially habitat and food
diversity (Binu ef al., 2018) beneficial to

Figure 1: Freshwater landscapes at the study
areas in northern Vietnam and Laos: (a) Zone 1
Red River, Lao Cai province; (b) Zone 1 Tho
Xuyen Lake, Phu Tho province; (c) Zone 2 Da
River, Son La province; (d) Zone 2 Nam Na
River, Lai Chau province; (e) Zone 3 Chu River,
Thanh Hoa province; (f) Zone 3 De Lake, Thanh
Hoa province.

freshwater turtles adapted to large-river
and floodplain settings.

Zone 2: Da (Black) River Basin. It is the
largest tributary of the Red River within
northern Vietnam and drains steep upland
terrain before affording a gentler course
downstream. The basin hydrology is
strongly rainfall-driven; for instance, the
main stem in Son La Province flows north-
west to southeast through a series of

Table 1: Synthesis

Zone River system

Provinces Years surveyed

of the study areas,
including the river
system, the provinc-
es and the years of
surveys in Northern
Vietnam and adja-
cent areas in Laos.

River)

Red River (including Thai Binh, Lo,
1 Chay, Luc Nam, Thuong River,
Kinh Mon, Luoc River)

ba River (including Muc, Nhat

Chu River (including Ma, Buoi, Dat,
Nam Xam, Et Rivers)

Lao Cai, Yen Bai, Phu Tho, Bac
Giang, Hai Duong, Thai Binh,
Hung Yen, Hanoi, Vinh Phuc

2019, 2022, 2023,
2025

Lai Chau, Dien Bien, Son La,
Hoa Binh

2019, 2023, 2024,
2025

Thanh Hoa, Houa Phan (Laos) 2019
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mountainous districts and experiences
distinct flood and dry seasons. However, it
has been heavily modified by dams. A
study quantifying the impact of the Son La
dam observed significant changes in the
post-dam period (1961-2016): the flow in
the rainy season decreased by 5-43%,
while dry-season average flow increased
by ~71.6% (YEN et al., 2019). Therefore, the
Da River basin now features more trans-
parent, colder downstream reaches (due to
reservoir releases), reduced natural flow
variability, pronounced habitat fragmenta-
tion (due to dams and regulated flows),
and steep terrain.

Zone 3: Chu River Basin. Also known as
Nam Xam in Laos, it links eastern Laos
(Houa Phan Province) and northern Vi-
etnam. The Chu River has a ~7500 km?
catchment area, 65% of which is in Laos,
and a steep longitudinal slope (upstream
1/10 to 1/300) compared with downstream
(1/4000 to 1/6100). The basin terrain is gen-
erally mountainous and narrow, with rap-
id currents and a constrained floodplain
area when compared to floodplain systems
like the lower Red (Le TronG Trar ef al.,
1999). Thus, the Chu River basin combines
upland, steep slopes, strong seasonal flow
variability, and fewer extensive flood-
plain/lake-complex habitats. The synthesis
of the main habitat features of the three
surveyed zones is provided in Table 2.

Field effort
In total, 10 976 km were covered by

motorbike and 1450 km by boat in order to
carry out the interviews. Fieldwork in-
volved 163 effective field days and 2608
person-hours of direct data collection. The
survey years for each zone are provided in
Table 1. GPS coordinates were recorded
for all interviews and for direct observa-
tions of freshwater turtles.

Interview surveys

Structured interviews (n = 800) were
carried out with fishers, former turtle
hunters, and local communities to docu-
ment knowledge of turtle species, records
of capture or sightings, and associated
habitat information. Verification of report-
ed observations included cross-checking
with photographic identification and,
when possible, on-site inspection of the
described habitats (for methodological
details, see Lt Duc et al., 2020). Zone 2 (Da
River) accounted for 63% of all interviews
and field days, whereas Zone 1 and Zone 3
contributed 24% and 13%, respectively.
While details of these interviews were pro-
vided in previous studies (L Duc et al.,
2020; Puam VaN et al., 2020, 2022; Ducot-
TERD ef al., 2022), here we focus only on
those interviews that reported credible
sightings of R. swinhoei across the three
surveyed zones (see below). We did not
consider interviews for any of the other
turtle species included in this study.

Over the seven-year study period, sev-
eral trained interviewers conducted the
interview surveys; however, each face-to-

Table 2: Qualitative assessment of the main habitat characteristics of the three surveyed zones in

northern Vietnam and adjacent Laos.

Zone Topography Lakes/swamps Dams Water flow Water quality Fishing activity
1 (Red River) Hilly, flat High No Strong, regular Turbid Low
2 (Da River) Hilly Low Yes Low Transparent High
3 (Chu River) Hilly, flat Medium Yes Strong, regular, low Transparent, turbid Medium
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face interview was conducted by a single
interviewer. All research procedures com-
plied with the ethical standards of the
BriTisH Socrorocgical AssociaTioN (2017)
for studies involving human participants.
At the beginning of each interview, the
interviewer recorded the site location,
date, geographic coordinates and demo-
graphic details such as gender, age, mari-
tal status and education level (Corrao,
2005). The spatial distribution of interview
locations is presented in Figure 2a. Partici-
pant identities were kept strictly confiden-
tial, and all interviews were conducted in
Vietnamese under governmental authori-
sation, following the provision of verbal
informed consent. The questionnaire and
interview framework were refined during
a pilot study along the Pa River from 31
March to 2 April 2019. The finalised ques-
tionnaire comprised 31 standardised ques-
tions and took approximately 30 minutes
to complete (see the full questionnaire in
the supplementary materials of LE Duc et
al., 2020).

Participants were randomly selected
and mostly were active fishers encoun-
tered during surveys conducted by motor-
bike and boat. A reported sighting of R.
swinhoei was deemed credible if the re-
spondent could (i) correctly identify the
species from a selection of turtle photo-
graphs, (ii) accurately describe its large
size using approximate weight or carapace
length, (iii) provide the local vernacular
name, and (iv) describe diagnostic colour-
ation and shell features.

Direct observations

During our surveys, we also opportun-
istically recorded turtles in the field. These
individuals were recorded using comple-
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Figure 2: Map of northern Vietnam and Laos
showing the spatial distribution of (a) the 800
structured interviews conducted across the
study region from 2019-2025, with survey sites
grouped into Zone 1 (Red River), Zone 2 (Da
River), and Zone 3 (Chu River); and (b) the
recent vs. historical records of Rafetus swinhoei,

based on interviews conducted 2019-2025.

mentary methods: (i) in the fishers’ nets
after capture, (ii) during visual encounter
surveys (see Guzy et al., 2014) along river-
ine transects, lakes and swamp areas, and
(iif) photographed by using floating cam-
era traps as described in Le Duc ef al.
(2025a). We summarised all these sight-
ings, keeping them separate from the indi-
rect information provided by respondents.

For Pelodiscus, we avoided species iden-
tification, as two closely related species
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may occur in Vietnam, Pelodiscus sinensis
and P. variegatus (Farkas et al., 2019). The
geographic boundaries between these two
species are poorly known, and thus distin-

guishing these taxa reliably was not possi-
ble.

Data analysis

To evaluate temporal changes in the
frequency of R. swinhoei sightings, we cal-
culated the proportion of respondents re-
porting sightings in each study zone for
two periods: historical (pre-2019) and re-
cent (2019-2025). The decline in reported
sightings was quantified both as an abso-
lute difference in percentages between the
two periods and as a relative decline, cal-
culated as the percentage change relative
to the historical proportion.

Differences in sighting frequencies
among zones and between recent (2019-
2025) and historical (pre-2019) records
were assessed using contingency table
analyses. First, to test whether the spatial
distribution of records differed between
time periods, a 3 x 2 contingency table
(zone x recent/historical) was analysed us-
ing a x? test of independence. This test
evaluated whether recent and historical
records distributed  differently
among zones, thereby assessing spatial
heterogeneity in the temporal pattern of
sightings. Second, to evaluate whether the
probability of reporting a recent sighting
differed among zones while accounting for
sampling effort, we compared the propor-

were

tion of interviews reporting a recent sight-
ing relative to the total number of inter-
views conducted in each zone (recent
sighting vs. no recent sighting). This analy-
sis tested for differences among zones in
the likelihood of obtaining a recent record,

independent of the number of interviews
conducted. A 2 test was again applied.

Finally, differences among zones in the
number of historical sites reported by for-
mer hunters were assessed using a contin-
gency table (zone x presence/absence of
historical sites). Because some expected
cell frequencies were small (< 5), results
were verified using Fisher’s exact test. The
Xx? statistic and corresponding p-value
were used to determine whether the ob-
served distributions differed significantly
from expectations.

The strength of the association between
time period and spatial zone was quanti-
fied using Cramer’s V, an effect size meas-
ure appropriate for contingency tables
larger than 2 x 2. Cramer’s V was calculat-

ed as:
Y= NG-D

where N is the total number of observa-
tions and k is the smaller of the number of
rows or columns. Following ConEen (1988),
V values of 0.1, 0.3, and 0.5 were interpret-
ed as small, medium, and large effects,
respectively.

To provide a comprehensive characteri-
sation of community structure, we calcu-
lated some complementary biodiversity
metrics, as diversity is inherently multidi-
mensional and cannot be fully described
by a single index. Each metric captures a
distinct ecological property of the assem-
blage. Total abundance quantifies the over-
all number of individuals and reflects pop-
ulation size, but it does not incorporate
information on species composition. Spe-
cies richness was estimated using the
Chaol estimator, which accounts for unde-
tected taxa by incorporating the frequency

7
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of rare species; this makes it particularly
suitable for communities in which sam-
pling may underestimate true richness.
integrates
both richness and relative abundance,
thereby describing diversity as the uncer-

The Shannon-Wiener index

tainty in predicting the species identity of
a randomly selected individual. The math-
ematical formulations of each index are
(MAaGURRAN, 1988): (i) species richness (S),
defined as the total number of species ob-
served in each of the selected zones; (ii)
abundance index, representing the total
number of individuals recorded for each
species; (iii) Chaol, defined as:

Fy X (F, — 1)

Chaol =S4+t~
a0 HCTIGES))

where F1 is the number of singleton spe-
cies (i.e. species represented by only one
individual in the samples), F: is the num-
ber of doubleton species (i.e. species repre-
sented by two individuals in the samples),
and S is the number of observed species;
(iv) Shannon—-Wiener index, defined as:

S
H' = _Z p; In(p;)
i=1

where S is the species richness, pi is the
proportional abundance of the i** species.
H’ values start at 0 (representing a com-
munity composed of a single species) and
increase as both species’ richness and the
evenness  of
(SHANNON, 1948).
To visualise community structure, a
Whittaker rank-abundance curve was gen-
erated by ranking species from most to
least abundant, with relative abundance

abundances increase

on the y-axis. The steepness of this curve
illustrates the degree of dominance and

evenness in the assemblage. The complete-
ness of the samples within each zone was
assessed using species
curves. The attainment of a plateau in
these curves was interpreted as indicative
of comprehensive detection of the species

accumulation

expected for the zone.

Detrended Correspondence Analysis
(DCA) was used as an exploratory ordina-
tion to summarise patterns in species com-
position across zones (HirL & Gauch,
1980). DCA extends traditional Corre-
spondence Analysis by reducing common
artefacts, such as the “arch” effect, and
rescaling axes so that species turnover is
approximately uniform. Axis scores are
expressed in units of standard deviation
(SD) of species turnover, where 1 SD cor-
responds roughly to the average width of
species distributions along the gradient.
Given the small dataset (11 species, 3
zones) and the very low eigenvalue of Ax-
is 2 (0.017), we present DCA results as de-
scriptive only, intended to visualise com-
positional trends rather than provide ro-
bust multivariate inference. Species abun-
dance data were compiled into a zone x
species matrix with samples as rows and
taxa as columns. Prior to ordination, data
were standardised and checked for neces-
sary assumptions (e.g. removal of taxa
with zero totals) in accordance with stand-
ard practice for community gradients.
DCA was conducted using the decorana()
function in the vegan R package, which
implements the original algorithm with
detrending and rescaling steps appropri-
ate for ecological community data. The
eigenvalues associated with each ordina-
tion axis were recorded to indicate the rel-
ative amount of variation captured by that
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axis. Species and sample scores along the
primary ordination axes were then used to
visualise patterns in multivariate species
composition among sampling zones, with
emphasis on the relationships among sites
in ordination space representing ecological
gradients.

To examine potential relationships be-
tween turtle abundance and habitat char-
acteristics, we constructed generalised lin-
ear models (GLMs) with the total number
of species records per zone as the response
variable. Count data were modelled using
a Poisson distribution with a log link. Be-
cause the number of interviews differed
among zones, sampling effort was incor-
porated into the models as an offset term
using the natural logarithm of the number
of interviews conducted in each zone, al-
lowing the models to estimate the rate of
sightings per interview rather than raw
counts and thereby accounting for unequal
sampling effort. Overdispersion was as-
sessed by comparing residual deviance to
degrees of freedom; when overdispersion
was detected, a negative binomial error
distribution was considered.

The following environmental covari-
ates were included in the exploratory
GLM: (i) topography (hilly, flat); (ii) pres-
ence of lake/swamp (yes, no); (iii) presence
of dam (yes, no); (iv) water flow (strong,
low); (v) quality
(transparent, turbid); and (vi) fishing activ-
ity (high, medium, low). All categorical
variables were coded as dummy variables.
Given that only three spatial units (zones)

regular, water

were available, fitting a full multivariable
GLM is statistically underpowered, thus
this results should be interpreted as ex-
ploratory, intended to highlight potential

associations rather than provide confirma-
tory inference. In addition to the explora-
tory model, a parsimonious GLM includ-
ing only dam presence was fitted to pro-
vide a statistically defensible estimate of
its effect on total abundance, while still
accounting for interview effort through the
offset term.

All analyses were performed using R
version 4.3.1 (R Core TeamMm, 2024), except
for the analysis of the accumulation curves
that was conducted using PAST 4.3
(HamMER ef al,, 2001). Statistical signifi-
cance was assessed at a = 0.05.

REesuLTs

Interview data: Rafetus swinhoei records

The proportion of respondents report-
ing historical (pre-2019) vs. recent (2019-
2025) sightings of R. swinhoei is presented
in Table 3. The frequency of R. swinhoei
records differed significantly among zones
and time periods (x2 = 9.59, df = 2, p =
0.008). Zone 2 showed a higher-than-
expected number of recent sightings,
whereas Zones 1 and 3 showed fewer re-
cent sightings than expected. This indi-
cates a spatially uneven distribution of
recent records. Historical records were
relatively widespread (Table 3). In con-
trast, recent records (2019-2025) were
heavily concentrated in Zone 2, with few
in Zone 1 and Zone 3 (Table 3). The mod-
erate effect size (Cramer’s V = 0.27) indi-
cates a meaningful association between
time period and spatial distribution, sug-
gesting that sightings of R. swinhoei have
become increasingly spatially restricted,
with recent records disproportionately
concentrated in Zone 2. A Cramer’s V of
0.27 corresponds to approximately 7% of



LEPRINCE ET AL.

Table 3: Synthesis of the data collected from
interviews on the occurrence of recent and
historical records of Rafetus swinhoei in the
three surveyed zones in northern Vietnam. The
number of historical sites denotes the total
number of locations exploited by professional
hunters for R. swinhoei up to the early 1990s.

Zonel Zone2 Zone3

No. interviews 191 505 104
No. recent sightings (2019-
2 2 1
2025) 3
No. historical sightings (before
2 21
2019) 6 >

No. historical sites (as reported

9 0 1
by former hunters)

the variance in record distribution being
explained by the temporal category (V2 =
0.07), reflecting a moderate association
consistent with a spatial shift in the spe-
cies” occurrence patterns.

When standardised by sampling effort
(number of interviews), the proportion of
differed
among zones (x2 = 7.41, df = 2, p = 0.025).
The distribution of historical sites reported
by former hunters varied markedly among
zones (Zone 1: 9; Zone 2: 0; Zone 3: 1). This
difference was highly significant (x> =
2498, df = 2, p < 0.001), and Fisher’s exact
test confirmed the robustness of this result.
Zone 1 showed a disproportionately high-

recent sightings significantly

er number of historical sites. Overall, these

results demonstrate significant spatial
differences both in the temporal pattern of
sightings (recent vs. historical) and in the
distribution of historically occupied sites.
This pattern is further illustrated in Figure
2b, which shows that historical records
were more evenly distributed across zones

compared to the present.

Direct sightings: turtle community compo-
sition

Overall, 233 turtle records representing
at least 11 species (the genus Pelodiscus
may include more than one species) were
compiled (Table 4). Two of these species,
Chelydra serpentina and Trachemys scripta
elegans, are invasive (from North Ameri-
ca). Another species, Amyda ornata (Fig. 3),
was not formally recorded from northern
Vietnam in previous studies and might be
introduced as well; however, we could not
exclude that this species is native to the
study area (as it is naturally occurring in
southern Vietnam) and simply was unde-
tected during previous studies. The
Whittaker rank-abundance curve (Fig. 4)
showed a steep decline from the most
abundant species to rare species, empha-

Table 4: Synthesis of the number of records in the field for the various freshwater turtle species
observed during the study period (2019-2025) in the three surveyed zones.

. % in the No.records  No.records  No. records in
Species Label No. records . .
sample in Zone 1 in Zone 2 Zone 3

Amyda ornata AMO 2 0.86 1 1 0
Palea steindachneri PAS 9 3.86 4 4 1
Rafetus swinhoei RAS 1 0.43 1 0 0
Pelodiscus sp. PEL 142 60.94 21 119 2
Pelochelys cantorii PCA 4 1.72 1 0 3
Platysternon megacephalum PLA 1 0.43 0 0 1
Sacalia quadriocellata SAC 1 0.43 1 0 0
Cyclemys oldhamii cYc 0.86 0 0 2
Mauremys sinensis MAU 66 28.33 6 0 60
Chelydra serpentina CHE 3 1.29 3 0 0
Trachemys scripta elegans TRA 2 0.86 0 2 0
TOTAL 233 100.00 38 126 69

10
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sising the highly uneven distribution.
Thus, in northern Vietnam and adjacent
Laos, the chelonian assemblage is skewed
towards a few dominant species, while
most species are rare: indeed, there were
three singletons and three doubletons (one
of which is the invasive Trachemys scripta
elegans) in our samples.

More specifically, the assemblage was
dominated by Pelodiscus sp. (60.9% of the
total observed turtles) and Mauremys
sinensis (28.3%), with all remaining species
contributing less than 4% each (Table 4).
The spatial distribution of the various rec-
ords for each species is shown in Figure 5.
Shannon-Wiener diversity was low (H' =

160 -
140 -
120 -
100
80 -
60 -

Relative abundance

40 -
20

Figure 3: Examples of turtle
species observed: (a) Palea
steindachneri, (b) shell of
Platysternon megacephalum, (c)
Mauremys sinensis, and (d)
Pelodiscus sp.

1.06), consistent with the presence of one
highly abundant species and several rare
species.

Direct sightings: turtle community varia-
tions across the three zones

The synthesis of the records divided by
surveyed zone is shown in Table 4. Species
richness accumulation curves indicated
that both Zone 1 and Zone 3 were not
sufficiently surveyed and that more spe-
cies can be expected to occur therein but
have remained undiscovered during our
surveys (Fig. 6a). Instead, the species rich-
ness accumulation curve of Zone 2
showed a plateau, indicating that few or
no species are expected (Fig. 6a). Con-

Figure 4: Whittaker rank-abundance curve for
the observed species in northern Vietnam and
adjacent Laos.

0 T T T T T T . T

Abundance rank
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Figure 5: Spatial distribution of records for each species in the three surveyed zones of northern

Vietnam and Laos between 2019-2025.

versely, the Shannon-Wiener index
showed that both Zone 2 and Zone 3 had
reached stable values of diversity, whereas
Zone 1 was still sub-optimally analysed
(Fig. 6b-d). The Chaol index also con-
firmed that many more species should be
expected in Zone 1, whereas Zones 2 and 3
appear to be well surveyed (Table 5). The
Shannon-Wiener index was much higher
in Zone 1 than in the other two zones
(Table 5).

Our exploratory DCA (14 segments;
axis 1: eigenvalue = 0.84, axis 2: eigenvalue
= 0.02, axis 3: eigenvalue = 0.01) indicated
that species were distinctly distributed
across the three surveyed zones. Several
species were closely associated with Zone
1 and positioned within the multivariate
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space between Zones 1 and 2, while others
were more strongly associated with Zone 3
(Fig. 7). This analysis confirms that the
three zones are characterised by ecologi-
cally distinct turtle assemblages, which
correspond to the differing hydrological
and habitat characteristics of each zone.

Direct sightings: relationship between en-
vironmental factors and turtle abundance
(GLM approach)

Species abundance varied markedly
among zones. Pelodiscus sp. dominated
Zones 1 and 2, while M. sinensis was most
abundant in Zone 3 (Table 4). The explora-
tory GLM including all environmental co-
variates (Table 6) showed that dam pres-
ence is the only covariate with a statistical-
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ly interpretable effect. Estimates for all
other covariates (water flow, topography,
lake/swamp presence, water quality, and
fishing activity) were not statistically sig-
nificant and should be interpreted as de-
scriptive only. To account for unequal
sampling effort among zones, the number
of interviews per zone was included as a
log-offset, allowing the coefficients to rep-
resent the rate of sightings per interview
rather than raw counts.
The parsimonious GLM including only
dam presence indicated a significant posi-

Number of individuals

tive effect: zones with dams had an esti-
mated 2.57-fold higher rate of turtle sight-
ings per interview compared to zones
without dams (IRR = 2.57, = 0.94 + 0.18
SE, z = 5.33, p < 0.001). Overall, these re-
sults suggest that hydrological modifica-
tion via dam construction may influence
the abundance of some turtle species,
whereas other environmental variables
cannot be conclusively linked to abun-
dance given the limited number of zones,
the exploratory nature of the analysis, and
the constraints of interview-based data.

Table 5: Freshwater turtle diversity indices for the three surveyed zones (2019-2025), including the
95% confidence intervals (after 9999 bootstraps) of the estimates.

Lower  Upper Lower Upper Lower Upper
Zonel ooo c1 955/:’ a 22 g, 95%’2’ a Zome3 g5y, cr 955/3 I
Species richness 8 8 8 4 4 4 6 6 6
Number of records 38 38 38 126 126 126 69 69 69
Shannon Wiener H’ 1.440 1.189 1.733 0.268 0.174 0.436 0.586 0.431 0.887
Chaol 14.000 8.000 18.000  4.000 4.000 5.000 6.333 6.000 12.000
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Our study elucidates two distinct as-
pects of freshwater turtle ecology and con-
servation in northern Indochina. First, it
improves our understanding of spatiotem-
poral variation in the occurrence patterns
of the critically endangered R. swinhoei,

Table 6: Exploratory generalised linear model
(GLM) results for total turtle abundance across
the three zones, including all environmental
covariates. Estimates () represent the log
change in expected abundance relative to the
with
standard errors (SE), z-values, p-values, and
incidence rate ratios (IRR). As the analysis is
based on only three zones, these results are
exploratory. Sampling effort was incorporated
as an offset by using the natural logarithm of
the number of interviews: Zone 1 = 191 (5.25),
Zone 2 =505 (6.22) and Zone 3 = 104 (4.64).

reference  category, corresponding

Covariate B SE z p IRR
Intercept 350 020 1750 <0.001 33.10
Topography—Hilly 012 045 027 0.78 1.13
Topography—Flat -0.12 045 -027 078 0.89
LakeSwamp—Present 035 0.50 0.70 0.48 1.42
LakeSwamp-Absent  -0.35 0.50 -0.70  0.48 0.71
DamPresence—Yes 094 018 533 <0.001 257
DamPresence—No -0.94 0.18 -533 <0.001 0.39
WaterFlow-Strong ~ 0.45 050 090  0.37 157
WaterFlow—Regular ~ 0.10 050 020  0.84 1.10
WaterFlow-Low -0.55 050 -1.10 027 0.58
WaterQuality—-Transp 020 050 040  0.69 1.22
WaterQuality—Turbid -020 050 -0.40  0.69 0.82
Fishing—High -030 050 -0.60 055 0.74
Fishing—Medium 010 050 020 0.84 111
Fishing—Low 020 050 040  0.69 1.22
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Figure 7: Output of a
detrended correspondence
analysis (DCA) spacing the
species in relation to the three
Rafetus
swinhoei is not included. For
statistical details see the text.

surveyed zones.

o PCA . . .
Species labels are described in
© MAU
Zcr"e§°°PCYC Table 4.
. .
200 250
based on indirect evidence obtained

through face-to-face interviews. Second, it
presents a novel analysis of variation in
turtle community composition across the
three surveyed zones, based on direct field
data. While many of these species occur
across the surveyed region (TURTLE TAxoN-
omYy WorkiNG Group, 2025), we show that
their abundances differ among the three
zones. Whether these differences in species
composition are artefacts of habitat altera-
tion due to dams or truly reflect historic
patterns of abundance remains unclear.

Interview data: temporal and spatial
shifts in Rafetus swinhoei distribution
Our analysis of respondents’ question-
naires concerning the distribution of R.
swinhoei revealed both temporal and spa-
tial shifts, characterised by a heavy decline
in the number of recent sightings (2019-
2025) compared with historical records.
This pattern mirrors the paucity of direct
observations reported in the scientific liter-
ature over the past 25 years (L Duc et al.,
2025a). Notably, recent sightings appear to
be concentrated within the Da River basin
(Zone 2), whereas historical records indi-
cate a broader distribution across the
study area. Although these reports are
based on local interview data and cannot
be independently verified, the observed
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pattern was statistically significant, and
the moderate effect size (Cramer's V =
0.27) suggests that a substantial portion of
the variation may be attributable to chang-
es in habitat availability and use over time.

This trend is consistent with previous
research on freshwater turtle populations
in Southeast Asia, where anthropogenic
pressures, including habitat fragmenta-
tion, pollution, and dam construction,
have profoundly altered species distribu-
tions (RuopIN et al., 2018; STANFORD et al.,
2020). The apparent concentration of R.
swinhoei sightings in Zone 2, an area domi-
nated by dam infrastructure, may indicate
that the species persists in more localised,
albeit degraded, habitat patches. While
this spatial restriction likely reflects a con-
traction of the species’ range and, conse-
quently, an increased risk of extinction, it
is noteworthy that the only recent direct
observation was recorded via floating
camera traps in a lake adjacent to the Red
River (Zone 1) (Lt Duc et al., 2025a). This
finding highlights the highly elusive be-
haviour of the species, which likely con-
tributes to detection challenges and may
partly explain discrepancies between in-
terview-based reports and field observa-
tions.

Former professional turtle hunters stat-
ed that historical captures occurred exclu-
sively in lakes or swamp areas rather than
in main river channels, largely within
Zone 1. However, they also suggested that
this pattern may reflect methodological
constraints, as capturing large turtles in
major river systems is virtually impossible.

Direct sightings: freshwater turtle commu-
nity composition and biodiversity
Our field data demonstrated differ-

ences in turtle community composition
among the three surveyed zones. Several
species were restricted to a single zone,
and numerous taxa were represented by
only one or two individuals (singletons
and doubletons). Specifically, 44.4% of the
native species were found exclusively in
one zone: two species occurred only in
Zone 1 (R. swinhoei, Sacalia quadriocellata),
none were restricted to Zone 2, and two
were unique to Zone 3 (Cyclemys oldhamii,
Platysternon megacephalum).

We suggest that hydrological factors
are key drivers shaping freshwater turtle
communities in northern Indochina. This
interpretation is supported by our GLM
results, which identified dam presence,
representing hydrological modification, as
the only environmental variable with a
statistically interpretable effect on total
turtle abundance (however, see below for
more discussion of this apparently coun-
terintuitive result). The three river basins
surveyed exhibit distinct hydrological re-
gimes and habitat characteristics (see Ma-
terials and Methods), and previous studies
have shown that turtle assemblages differ
across thermal and hydrological sections
of rivers (Pirt & Nickerson, 2014) and,
more broadly, among habitat types such as
main channels, side channels, and flood-
plains, each of which tends to support
characteristic turtle communities (MoLL &
Moutt, 2004; LuiseLwi et al., 2020). Such var-
iation is expected to influence both species
composition and community structure.

In the exploratory DCA, Axis 1 ac-
counted for the majority of the explained
variance, making it the most informative
axis for understanding gradient patterns in
turtle assemblages. The observed species
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composition reflects a highly skewed com-
munity structure, dominated by a few spe-
cies, as corroborated by both diversity
metrics and Whittaker plots. Notably, two
species (Pelodiscus sp. and M. sinensis) to-
gether accounted for nearly 90% of all rec-
ords. However, these species were not uni-
formly dominant across survey zones;
their high abundance was restricted to a
single zone, while they were comparative-
ly rare in the other two.

This skewed community structure may
result from the rarity or near-local extirpa-
tion of several other species (e.g. R. swin-
hoei, as discussed above), although it is
also possible that these species are simply
highly elusive. But the clear decline in R.
swinhoei observations, together with the
apparent shrinking of its current distribu-
tion, should be a warning that habitat
changes coupled with human exploitation
may be negatively impacting not only tur-
tle abundance but also community struc-
ture. Current knowledge of the ecology
and detectability of Southeast Asian fresh-
water turtles remains extremely limited,
preventing definitive conclusions. Addi-
tionally, interspecific competition may
play a role in shaping these assemblages,
with dominant taxa such as Pelodiscus sp.
potentially outcompeting other species for
available resources, influencing communi-
ty structure. Furthermore, the present-day
turtle community may reflect a combina-
tion of habitat alteration and population
recovery, and may not accurately repre-
sent historical communities. Specifically,
the Indochina region experienced intense
overharvest of turtles during the 1980-
1990s, and northern Vietnam’s turtle pop-
ulations were severely depleted by the end
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of the 1990s (van Dk et al., 2000). Given
that the two most commonly observed
species, Pelodiscus sp. and M. sinensis, have
relatively early ages of first reproduction
(~4-5 years; see ZHANG et al., 2007; CHEN &
Lug, 1998), current patterns may reflect
population recovery in these taxa. Howev-
er, ZHANG et al. (2007) is based on captive-
reared Pelodiscus and may therefore under-
estimate age at maturity under natural
conditions.

It is noteworthy that, within each sur-
veyed zone, turtle communities still in-
clude at least one species of large softshell
turtle (Amyda ornata, Palea steindachneri,
Pelochelys cantorii, R. swinhoei), indicating
that basic habitat conditions suitable for
the reproduction of these critically endan-
gered species persist (LE Duc et al., 2025b).

Hydrological modification as a key driver
of turtle abundance: GLM analyses

Our GLM results provide insight into
the environmental factors potentially in-
fluencing freshwater turtle abundance
across the three study zones. The explora-
tory model incorporated multiple environ-
mental covariates, including topography,
presence of lakes or swamps, dam pres-
ence, water flow, water quality, and fish-
ing activity. Among these variables, dam
presence emerged as the only statistically
interpretable covariate. Zones character-
ised by dams exhibited an estimated 2.57-
fold higher total turtle abundance com-
pared with zones without dams. This
pattern suggests that hydrological modifi-
cations associated with dams, such as the
formation of lentic or slow-flowing habi-
tats, may create conditions favourable for
some freshwater turtles by enhancing for-
aging opportunities and environmental
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stability. However, this result contrasts
with findings reported elsewhere, for ex-
ample in Thailand, where dams have been
associated with negative ecological effects
on some species (e.g. Chitra chitra;
THIRAKHUPT & VAN Dijx, 1994; DE NARDI et
al., 2025). Downstream of large dams, al-
tered thermal regimes, reduced dissolved
oxygen, and intensified riverbed scouring
can degrade sandbank habitats used by
certain species (THIRAKHUPT & vaN Dk,
1994). The apparent positive association
observed here should be interpreted cau-
tiously, given the limited sample size and
reduced statistical power. Moreover, this
pattern reflects the turtle community as a
whole, particularly Pelodiscus sp. and M.
sinensis, and does not apply to R. swinhoei,
for which negative impacts of dams have
been documented (Le Duc et al., 2020).

In contrast, none of the other environ-
mental variables (topography, lake/swamp
presence, water flow, water quality, and
fishing activity) showed statistically sig-
nificant associations with turtle abun-
dance. While these factors are ecologically
relevant, this lack of significance likely
reflects limitations in spatial replication
(only three zones) rather than the absence
of biological effects. Consequently, these
results should be interpreted as explorato-
ry, emphasising potential patterns rather
than definitive causal relationships.

From a conservation perspective, our
results highlight the importance of hydro-
logical features in structuring turtle popu-
lations. Dams and other human-made
modifications may create habitats that
support higher abundances of some spe-
cies, but they can also alter species compo-
sition and connectivity, potentially affect-

ing rare and conservation-sensitive taxa
differently. For example, species with spe-
cific flow or substrate requirements may
be negatively impacted even in zones
where overall abundance appears high.
Therefore, while dam presence is positive-
ly associated with total abundance in our
GLM, management strategies should con-
sider species-specific responses to hydro-
logical modification. Finally, our GLM re-
sults highlight the value and limitations of
quantitative modelling in data-limited
contexts. With only three spatial units, full
multivariable models are underpowered,
and only the strongest environmental
effect (dam presence) is interpretable.

Shortcomings of the study

A key limitation is the opportunistic
nature of the interview sampling. Partici-
pants were primarily recruited from active
fishers encountered during field surveys,
which may under-represent individuals
who no longer regularly use the river, in-
cluding older fishers with additional his-
torical knowledge of R. swinhoei. Where
possible, we included older, experienced
respondents to partially address this limi-
tation. Historical occurrences were further
supplemented through interviews with
former professional hunters of R. swinhoei,
incorporating knowledge beyond current
fishing activity. Nevertheless, as with
many interview-based ecological surveys,
results should be interpreted with caution,
and future studies employing more sys-
tematic sampling designs could help refine
the spatial and temporal patterns reported.

Logistical constraints and variation in
river accessibility also resulted in unequal
numbers of interviews among zones. To
mitigate potential spatial sampling bias,

17



LEPRINCE ET AL.

we analysed the proportion of recent
sightings relative to the number of inter-
views per zone, thereby accounting for
differences in sampling effort in the GLM.

Another limitation relates to species
richness estimation. In our dataset of 11
recorded species, three were singletons
and three doubletons, representing a rela-
tively high proportion of rare species. Un-
der these conditions, the Chaol estimator
is highly sensitive and unstable, as it plac-
es substantial weight on rare species.
When singletons and doubletons are few
in absolute terms but large relative to total
species richness, the estimator’s variance
increases, producing wide confidence in-
tervals and potentially unreliable extrapo-
lated values. Consequently, our Chaol
results should be interpreted with caution:
they provide only a rough indication of
potential undetected diversity, rather than
precise estimates of total richness.

In conclusion, our study further
demonstrates that, for rare giant softshell
turtles, integrating local ecological
knowledge obtained through structured
interviews with field-based research can
serve as a valuable tool for guiding conser-
vation strategies in regions where scien-
tific data is limited or difficult to obtain
(DEmaAvYA et al., 2019). Such knowledge can
provide insights into species distributions,
habitat preferences, and temporal popula-
tion trends, helping to address critical sci-
entific gaps, particularly in remote or hard
-to-access areas (Fa & LuiseLLi, 2025).

Acknowledgement

We thank all local communities who
participated in interviews, the Turtle Sanc-
tuary and Conservation Centre field team,

18

and collaborating institutions in Vietnam
and Laos. We thank Thong Pham Van and
Dr Charlotte Ducotterd for help in the field
during the period 2019-2023.

Unpublished data reported here were
collected under permits issued by the Lao
Cai Province People’s Committee (1946/
UBND-NC) and the Phu Tho Province
People’s Committee (4280/UBND-KT16).

Three anonymous reviewers signifi-
cantly improved the manuscript. BL, LL,
and OLD contributed equally to this work
and should be regarded as co-first authors.

Funding for field surveys was provided
by the Turtle Sanctuary Conservation Cen-
tre (Paris)) Mohamed Bin Zayed Species
Conservation Fund, Le Pal
(Dompierresur-Bresbre, France), and Tur-
tle Conservation Fund.

Z.00

REFERENCES

BArceENAs-GARcia, A.; MicHALSKI, F.; MORGAN,
W. H.; Smity, R. K,; SutHerLanD, W. J;
Gisss, J. P. & Norris, D. (2022). Impacts of
dams on freshwater turtles: a global review
to identify conservation solutions. Tropical
Conservation Science 15: 19400829221103709.

BerteLHEmM, M. P. (2012). Swinhoe's softshell
turtle (Rafetus swinhoei): the legendary
sword lake turtle of Hoan Kiem Lake. Bibli-
otheca Herpetologica 10: 4-20.

Bing, P. T. X,; Ha, H. T. T.; Tauy, D. T. & HaNg,
L. T. M. (2018). Assessment of longitudinal
variation of trophic levels of the Red River
water, the section from Hanoi City to Ba Lat
estuary. Vietnam Journal of Marine Science
and Technology 18(4): 452-459.

BriTisH SocioLoGiCAL  ASSOCIATION
Statement  of  Ethical ~ Practice.
Publications, Belmont, Durham, U.K.

CasTeLLETTI, A.; Pranosi, F.; QuachH, X. &
SoncINI-SEssa, R. (2012). Assessing water
reservoirs management and development

(2017).
BSA



FRESHWATER TURTLES IN NORTHERN INDOCHINA

in Northern Vietnam. Hydrology and Earth
System Sciences 16: 189-199.

CueN, T-H. & Lug, K.-Y. (1998). Ecology of the

stripe-necked  turtle,  Ocadia
(Mauremys) sinensis, in the Keelung River,
northern Taiwan. Copeia 1998(4): 944-954.

ComeN, J. (1988). Statistical Power Analysis for the
Behavioral ~ Sciences, 2n ed. Lawrence
Erlbaum Associates Publishers, Hillsdale,
NJ, USA.

Corrao, S. (2005). L'intervista nella ricerca
sociale. Quaderni di Sociologia 38: 147-171.
Demava, G.S.; Benansio, J.S.; Lapo, T.F;

JuBarag, SK;; Lapy, J. & LuiseLLs, L. (2019).
Local ecological knowledge in South Sudan
can help conservation and management of
Cyclanorbis elegans. Chelonian Conservation

and Biology 18: 259-264.

De Narpi, L.; L Duc, O.; VIRIYATAVEEKUL, S.;
CHARPENTIER, L.; LEPRINCE, B.; WaLDE, A. D.
& Lurserer, L. (2025). New Records of the
Critically Endangered Asian Narrow-
Headed Softshell Turtle, Chitra chitra, in
Thailand. Chelonian Conservation and Biology
24:273-278.

Ducorterp, C.; L Duc, O.; Van Puam, T.;
LerriNcg, B.; Borbes, C.; Ncuigm, T. L.; Ho
Tuau, P.; Lg, A. T.,; TraN, B. Q.; Luy, V. Q. &
LuiseLey, L. (2022). Previously unrecorded

species and the unsatisfying
knowledge of turtle communities in
Northern Vietnam. Conservation 3(1): 1-13.

Fa, JLE. & Lursertr, L. (2025). Weaving the
middle spaces between indigenous and
scientific ~knowledge for biodiversity
conservation and ecology. African Journal of
Ecology 63(2): e70030.

Farcon, W.; Mott, D. & Hansen, D. M. (2020).
Frugivory and seed dispersal by chelonians:
a review and synthesis. Biological Reviews
95: 142-166.

Farkas, B.; ZieGLER, T.; Puam, C.T.; Ong, A V. &
Fritz, U. (2019). A new species of Pelodiscus
from northeastern Indochina (Testudines,
Trionychidae). ZooKeys 824: 71.

Guzy, J. C,; Pricg, S. J. & Dorcas, M. E. (2014).

Chinese

invasive

Using multiple methods to assess detection
probabilities of riparian-zone
implications for monitoring.
Research 41(3): 243-257.

HamMmer, ., Harrer, D. A. & Ryan, P. D.
(2001). PAST: Paleontological
software package for education and data
analysis. Palaeontologia Electronica 4(1): 9.

Hassani, M. S. E.; Suimani, T. & BonnEeTr, X.
(2019). Morphological and physiological
assessments reveal that freshwater turtle
(Mauremys  leprosa)

anurans:
Wildlife

statistics

can flourish under

extremely degraded-polluted conditions.
Chemosphere 220: 432-441.
Hirr, M. O. & Gaucu Jr, H. G. (1980).

Detrended correspondence analysis: an
improved ordination technique. Vegetatio 42
(1): 47-58.

Le, M.; Nco, H. T.; McCormack, T. E. & Van
Hoang, H. (2024). Lack of scientific data to
support
conservation: case studies in Indochina. In J.
Claude & N. Kitana (eds) On the Edge of the
Sixth Mass Extinction in Biodiversity Hotspots:
Facts, Needs, Solution and Opportunities in

freshwater turtle and tortoise

Thailand and Adjacent Countries.
Chulalongkorn University, Bangkok,
Thailand.

Le Duc, O.; Ducorterp, C.; Borpes, C.; Van
Puawm, T.; Lerrincg, B.; Lg, A. T.; Luy, V. Q.;
Tran, B. Q. (2025a).
Discovering threatened freshwater turtles
by an innovative floating camera trap
system. Acta Oecologica 127: 104081.

Le Duc, O.; Trong, M. N.; LEPRINCE, B.; MINH,
H. H.; Van, H. T,; Van, S. H. & LuiseLry, L.
(2025b). Confirmed wild reproduction and
distribution records of Palea steindachneri in
Northern Vietnam, with notes on sympatric
Pelodiscus sp. in dam-impacted
habitats. Conservation 5(3): 32.

Le Duc, O.; Van, T. P.; LepriNncE, B.; Borpes, C.;
Tuan, A. N.; Benansio, J. S.; Pacini, N.;
Luu, V. Q. & Luiserei, L. (2020). Fishers,
dams, and the potential survival of the
world's rarest turtle, Rafetus swinhoei, in two

& LurserLL, L.

19



LEPRINCE ET AL.

river basins in northern Vietnam. Agquatic
Conservation: ~ Marine  and  Freshwater
Ecosystems 30(6): 1074-1087.

Le TronG Tral, L. V. C,; TuyeNn, B. D.; Ming, T.
H, Ncoc, T. Q. Van Sang, N,
Monastyrskil, A. L. & Eames, J. C. (1999). A
feasibility study for the establishment of Xuan
Lien Nature Reserve, Thanh Hoa province,
Vietnam. BirdLife International Vietnam
Programme, Hanoi, Vietnam.

Linpsay, M. K.; Zuang, Y.; FOrRsTNER, M. R. &
Hann, D. (2013). Effects of the freshwater
turtle Trachemys scripta elegans on ecosystem
functioning: an approach in experimental
ponds. Amphibia-Reptilia 34: 75-84.

LovicH, J.E.; ENNEN, J.R.; AcHA, M. & GIBBONS,
J.W. (2018). Where have all the turtles gone,
and why does it matter? Bioscience 68: 771-
781.

LuiseLwy, L.; Akant, G. C.; Ajong, S. N.; GEORGE,
A.; D1 Virrorio, M.; Eniang, E. A.; DenDI,
D.; Hema, E. M.; PetrozZI, F. & Fa, J. E.
(2020). Predicting the structure of turtle
assemblages along a megatransect in West
Africa. Biological Journal of the Linnean
Society 130: 296-309.

Luiserrs, L.; Le Duc, O.; Van, T. P.; Xuan, T. N,;
Dang, P. B.; Kucnring, G.; LEprINCE, B.; SHi,
H.-T., McCaskiLL, L., Grovaccuini, P.;
Marsiui, L.; WaLpg, A. D. & Barristi, C.
(2024). A threat analysis for the world’s
most threatened turtle (Rafetus swinhoei).
Journal for Nature Conservation 78: 126577.

Luu Tar Ncuyet, M.; GARNIER, J.; BiLLEN, G.;
ORrANGE, D.; NEMERY, J.; L Tur Puuong, Q.;

Hong, T. & Le Lan, A. (2010).
Hydrological regime and water budget of
the Red River Delta (Northern Vietnam).
Journal of Asian Earth Sciences 37(3): 219-228.

MagcurraN, A.E. (1988). Ecological Diversity and
its Measurement. Princeton University Press,
Princeton, NJ, USA.

Motrt, D. & Mor1r, E.O. (2004). Communities
and habitats. In The Ecology, Exploitation and
Conservation of River Turtles. Oxford
University Press, Oxford, UK, pp. 83-150.

TraN

20

NpymaN, V. & SHEPHERD, C. R. (2015). Analysis of
a decade of trade of tortoises and
freshwater turtles in Bangkok, Thailand.
Biodiversity and Conservation 24: 309-318.

Norris, D.; Micaatski, F. & Gisss, J. P. (2018).
Beyond harm'’s reach? Submersion of river
turtle nesting areas and implications for
restoration actions after Amazon
hydropower development. Peer] 6: e4228.

Puam Van, T., Lk O.; Borbrs, C.;
Leprincg, B.; Ducorterp, C.; ZukuLin, T.;
Quang, V. L.; Ding, D. H. & LurseLti, L.
(2022). Female wanted for the world's rarest

turtle: prioritizing areas where Rafetus

Duc,

swinhoei may persist in the wild. Oryx 56:
396-403.

Puam Van, T.; Le Duc, O.; LEprINCE, B.; BorDES,
C.; Luy, V. Q. & Luisert, L. (2020). Hunters'
structured questionnaires enhance
ecological knowledge and  provide
circumstantial survival evidence for the
world's rarest turtle. Aquatic Conservation:
Marine and Freshwater Ecosystems 30: 183-
193.

Prrr, A.L. & Nickerson, M.A. (2014).
Description and comparison of turtle
assemblages and populations located

within a spring-fed river. Herpetological
Conservation and Biology 9: 475-483.

Pritcuarp, P. C. H. (2012). Rafetus: The curve of
extinction: The story of the giant softshell turtle
of the Yangtze and Red rivers. Living Art
Publishing, New York, USA.

R Core Team (2024). R: A language and
environment for statistical computing (Version
4.3). R Statistical
Computing, Vienna, Austria. Available at
https://www.R-project.org.

Ruopin, A.G.J.; Stranrorp, C.; van Dixk, P.;
EisemBERG, C.; LuiseLrl, L.; MITTERMEIER, R.
A.; Hupson, R.; Horng, B.; Goopg, E;
Kucuring, G.; WALDE, A.; Baarp, E.; BErry,
K.; BErtOLERO, A.; BLaNck, T. E. G.; Bour,
R.; BuaLmann, K. A.; Cavor, L. J.; CoLLETT,
S.; CurryrLow, A.; Das, I, Diagng, T.;
ENNEN, J. R.; FORERO-MEDINA, G.; FRANKEL,

Foundation for



FRESHWATER TURTLES IN NORTHERN INDOCHINA

M. G,; Fritz, U.; Garcia, G.; WHiTFIELD, G.;
Giseons, P. M.; Surring, G.; GUONTORO, J.;
HorMmeyr, M. D.; IversoN, J. B.; KiesTer, A.
R.; Lau, M.; Lawson, D. P.; Lovicy, J. E;
MoLt, E. O.; Pagz, V. P.; PaALomo-Ramos, R;
Pratr, K.; PratT, S. G.; PriTCHARD, P. C. H,;
Quinn, H. R,
RANDRIANJAFIZANAKA, S. T.; SCHAFFER, J.;
SeLmoN, W.; SHAFER, H. B.; SHarRMA, D. S. K,;
HAITAO, S.; SINGH, S.; SPENCER, R.; STANNARD,
K.; Surcrirre, S.; THoMsoN, S. & Vocr, R.
(2018). Global conservation status of turtles
and tortoises (order Testudines). Chelonian
Conservation and Biology 17: 135-161.
Santori, C.; SPENCER, R. J.; THompsoN, M. B.;
WarItTIiNGTON, C. M.; Burp, T. H.; CURRIE, S.
B.; FinTER, T. J. & Van Dykg, J. U. (2020).
Scavenging by threatened turtles regulates
freshwater ecosystem health during fish
kills. Scientific Reports 10(1): 14383.
SuannNoN, C. E. (1948). A mathematical theory
of communication. Bell System Technical
Journal 27(3): 379-423, and 27(4): 623-656.
Stanrorp, C. B.; Iverson, J. B.; RHoODIN, A.; VAN

Ranman, S. C,;

Dupk, P.; MitterMmEIER, R.; KuchHring, G.;

Berry, K.; BertOoLERO, A.; BjornpAL, K,

Branck, T., Buurmann, K., Burkg, R
ConGpoN, J..;, Diacng, T.; Epwarps, T.;
E1seMBERG, C.; ENNEN, J. R.; FORERO-MEDINA,
G.; FrankeL, M.; Fritz, U.; GALLEGO-GARCiA,
N.; Georags, A.; GiBBons, J. W.; Gong, S.;
Goopog, E. V., Sui, H. T, Hoang, H,;
HorMmeyr, M. D.; Horng, B. D.; Hubpson, R.;
Juvik, J. O.; KiesTER, R. A.; Kovar, P.; Lg, M.;
LinpeEmaN, P. V.; Lovicy, J. E.; LuiseLLy, L.;
Mccormack, T. E. M.; Mever, G. A.; PAez,
V. P,; Prart, K.; PLAaTT, S. G.; PRITCHARD, P.
C. H.; Quinn, H. R.; RoosenBurg, W. M,;
SEMINOFF, J. A.; SHAFFER, H. B.; SPENCER, R.;
Van Dykg, J. U.; Voct, R. C. &« WaLDE, A. D.
(2020). Turtles and Tortoises Are in Trouble.
Current Biology 30(12): R721-R735.

StokeLp, D.; HaAMER, A. J.; vaN DER REig, R.;
PerTiGrROVE, V. & Girreseig, G. (2014).
Factors influencing occurrence of a
freshwater turtle in an urban landscape: a

resilient species?. Wildlife Research 41(2): 163
-171.

TaIRAKHUPT, K. & vAN D1k, P. P. (1994). Species
diversity and conservation of the turtles of
Western Thailand. Natural History Bulletin of
the Siam Society 42: 209-259.

TurtLE Taxonomy WorkingG Grour (2025).
Turtles of the World: Annotated Checklist
and Atlas of Synonymy,
Distribution, and Conservation Status, 10t
ed. In A.G.J. Rhodin, ].B. Iverson, P.P. van
Dijk, C.B. Stanford, E.V. Goode, K.A.
Buhlmann & R.A. Mittermeier (eds.)
Conservation Biology of Freshwater Turtles and
Tortoises: A Compilation Project of the IUCN
SSC Tortoise and Freshwater Turtle Specialist
Group. Chelonian Research Monographs 10:
1-575. Available at https://doi.org/10.3854/
crm.10.checklist.atlas.v10.2025.

vaN Dpyk, P.P.; Stuart, B.L. & Ruobin, A.G.
(2000). Asian turtle trade: proceedings of a

Taxonomy,

workshop on  conservation and trade of
freshwater turtles and tortoises in Asia.
Chelonian Research Foundation,

Lunenburg, MA, USA, pp. 1-164.

Ving, V. D.; OuiLroN, S.; Tuang, T. D. & Cuu, L.
V. (2014). Impact of the Hoa Binh dam
(Vietnam) on water and sediment budgets
in the Red River basin and delta. Hydrology
and Earth System Sciences 18: 3987-4005.

YeN, C. T.; Picco, L.; Dung, B. X. & Bao, T. Q.
(2019). Hydropower dam and hydrological
alteration on the Pa River in Son La,
Vietnam. Journal of Forestry Science and
Technology 7: 124-133.

YouserkHANI, S. S. H.; YAsser, A. & NAsSer, M.
(2022). Impact of abiotic factors and road
networks on the freshwater turtle Emys

(Linnaeus, 1758)  (Reptilia:
Emydidae) in northern Iran. Biologia Futura
73(3): 335-341.

Zuang, L.; Han, X. K,; Li, M. Y,; Bao, H. J. «
CueN, Q. S. (2007). Spermiogenesis in soft-
shelled turtle, Pelodiscus sinensis. The
Anatomical Record 290(10): 1213-1222.

orbicularis

21


https://doi.org/10.3854/crm.10.checklist.atlas.v10.2025
https://doi.org/10.3854/crm.10.checklist.atlas.v10.2025

