
Local ecological knowledge as a tool for assessing
the status of threatened vertebrates: a case
study in Vietnam
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Abstract This study draws on the local ecological knowl-
edge of 58 hunters from seven communes in the Ngoc Son
Ngo Luong Nature Reserve (Hoa Binh province, North
Vietnam) to examine the local status of 40 threatened
vertebrates. The reserve forms part of a biodiversity-rich
mountainous corridor. Respondents were shown photo-
graphs of the species and asked to rate their abundance on a
scale of 0–3 (0, extinct; 3, very abundant) in two periods:
pre-1975 (beforeDoiMoi) and in 2009. The results show that
39 species have lived in the area and five are now extinct
(Delacour’s langur Trachypithecus delacouri, northern
white-cheeked crested gibbon Nomascus leucogenys, dhole
Cuon alpinus, oriental small-clawed otter Aonyx cinereus,
Indochinese tiger Panthera tigris corbetti) and the presence
of another six is doubtful (Phayre’s leaf-monkey
Trachypithecus phayrei ssp. crepuscula, sun bear Helarctos
malayanus, binturong Arctictis binturong, fishing cat
Prionailurus viverrinus, leopard Panthera pardus, wreathed
hornbill Anorrhinus undulatus). The results show a general
decline in numbers and abundance, with mammals
declining fastest, especially carnivores and primates. The
differences in abundance between species have narrowed
since 1975, converging towards trends of general impover-
ishment at similar low abundances. The survey results were
similar among communes and also concord with the
findings of research in nearby areas. This study demon-
strates the usefulness of local ecological knowledge for
planning, decision-making and management of protected
areas in the absence of historical records or financial
resources for conducting intensive fieldwork in remote and
little-known areas.
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Introduction

Local ecological knowledge can provide information on
the presence, abundance, behaviour and ecology of

species, and traditional ecological knowledge is the
cumulative body of knowledge, practice and belief built up
in the interaction of people with each other and with their
environment (Berkes, 2008; Rasalato et al., 2010).
Traditional ecological knowledge involves cultural trans-
mission whereas local ecological knowledge is free of
subjective cultural perceptions and has therefore been
suggested as a useful and objective method for studying
the status of wild animal populations in three scenarios:
remote areas where there have been no appropriate scientific
studies (Wilhere, 2002; Rasalato et al., 2010), areas that are
suffering drastic biodiversity loss (Starr et al., 2011), and
areas in which knowledge is urgently needed to implement
appropriate conservation measures (Usher, 2000;
Steinzmetz et al., 2006; Starr et al., 2011).

This study taps into the local ecological knowledge of
hunters of the seven communes in the Ngoc Son Ngo Luong
Nature Reserve in Hoa Binh province, North Vietnam, to
examine the status, distribution and any trends of 40 species
of threatened vertebrates in the Red Data Book of Vietnam
(Ministry of Science and Technology, 2007). This Reserve
lies in the centre of a karstic mountain range considered to
be a key site for biodiversity conservation in Vietnam
(Baltzer et al., 2001), between Cuc Phuong National Park
and the Pu Luong Nature Reserve (Fig. 1). As well as an
important Nature Reserve in its own right, Ngoc Son Ngo
Luong acts as an ecological corridor between these two
protected areas. Despite this importance little is known
about the species in Ngoc Son Ngo Luong (BirdLife
International & FIPI, 2001).

In themid 20th century the region was an area of unspoilt
woodland inhabited by rare species such as Delacour’s
langur Trachypithecus delacouri, the dhole Cuon alpinus,
sun bear Helarctos malayanus and Indochinese tiger
Panthera tigris corbetti. Since implementation of Doi Moi
(‘renovation’, an economic reform undertaken in Vietnam
in the late 1980s; Castella et al., 2006), however, forestry
and mining activities have increased in the area and there
has also been an increase in the human population. This
research was undertaken with the Forestry Protection
Department of Hoa Binh province (Bui Binh et al., 2008;
Cano & Pham, 2010) for planning the use and conservation
management of the species in this protected area.
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Our aims were threefold: (1) Although there was
previously some information available on the biodiversity
of adjacent protected areas (FFI, 2005), there was no detailed
information on Ngoc Son Ngo Luong Nature Reserve. A
preliminary inventory (Dat et al., 2008) found that
Delacour’s langur had recently disappeared and noted
other conservation problems. We therefore attempted to
establish baseline information on the status of the 40 species
of threatened vertebrates in Vietnam that could potentially
occur in the Reserve. (2) The disappearance of large
vertebrates from the Reserve reflects a general loss of
biodiversity but the status of other, more common, species
in Vietnam’s Red Data Book was unknown. We therefore
attempted to establish the mean abundance of these
vertebrates over the last 3 decades to ascertain any
population trends. (3) Environmental characteristics differ
between the seven communes in the Reserve and we
therefore studied population trends of the surveyed
vertebrates by commune. Given the administrative organ-
isation of the Reserve it is important to identify problems
within each commune in the interests of informing the
appropriate authorities about any conservation actions
required.

Study area

The 19,254 ha Ngoc Son Ngo Luong was declared a Nature
Reserve in 2004 (Fig. 1). It lies on the boundary of two
regional tectonic zones of the Ma and Da rivers. The
limestone topography is characterised by sheer rock
outcrops and highly dissected karst terrain. Altitudes in
the Reserve are 200–1,400 m (Do et al., 2008). Vegetation

cover comprises two main forest types: tropical seasonal
evergreen forests, and subtropical seasonal evergreen forests
with three subtypes (evergreen forests on limestone, ever-
green forests on shale and basalt rocks, and forest
plantations; Do et al., 2008). These mountains are partially
protected to the south-east by the Cuc Phuong National
Park (the first National Park declared in Vietnam) and to
the north-west by Pu Luong Nature Reserve. Although these
two protected areas have been studied (Averyanov et al.,
2003; Dang, 2004; Nadler et al., 2004; Nadler & Wicker,
2009), little is known about the biodiversity of Ngoc Son
Ngo Luong Nature Reserve (BirdLife International & FIPI,
2001). The local population was moved out of Cuc
Phuong when it was declared a National Park in 1966,
with concomitant socio-economic effects (Rugendyke &
Nguyen, 2005). Ngoc Son Ngo Luong Nature Reserve is,
however, still home to c. 14,000 people (.2,500 families) in
51 villages across seven communes (Nguyen & Munz, 2010;
Table 1). Most of these people belong to the Muong ethnic
minority and . 30% live below the poverty line (Do & Bui,
2008). This, together with management problems, is leading
to the illegal extraction of timber, poaching and illegal
trafficking of protected species.

Methods

We prepared a book with photographs of the 40 species of
threatened terrestrial vertebrates in the Red Data Book of
Vietnam (Ministry of Science and Technology of Vietnam,
2007; Supplementary Table S1) that were recorded in the
preliminary inventory of the Reserve’s potential fauna
(Dat et al., 2008). These photographs were shown to local
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FIG. 1 Location of Ngoc Son Ngo
Luong Nature Reserve, with its seven
communes (Table 1), lying between
Cuc Phuong National Park and Pu
Luong Nature Reserve. The shaded
rectangle on the inset indicates the
location of the main map in northern
Vietnam.
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hunters, asking them to confirm or rule out the presence of
these species in the area and, if present or formerly present,
to rate their abundance on a scale of 0–3 (0, extinct; 1, rare; 2,
common; 3, very abundant). To assess the quality of their
responses the photographs also included the Cat Ba langur
Trachypithecus poliocephalus (a species occurring only on
Cat Ba Island, north-east Vietnam), and the male and
female of the northern white-cheeked crested gibbon
Nomascus leucogenys were presented as different species;
the male is black with white cheeks whereas the female is
uniformly light brown.

The questionnaire-based surveys were conducted in 2009
with the help of a local facilitator from each commune who
had been working with the project Ngoc Son Ngo Luong
since 2007. The facilitators attended an induction regarding
the objectives, working plan and technical details of the
survey. They visited the hunters in their communes to
explain, in Muong, the objective of the questionnaire and to
invite them to participate. Use of local facilitators avoided
any cross-cultural interactions that could affect the data
gathered. A total of 58 hunters agreed to answer the
questionnaire (Table 1). Each facilitator explained and then
completed the questionnaire in the hunter’s home. This
method is appropriate when independent information is
required and the type of information sought is known
beforehand (Huntington, 2000). Each hunter was asked to
rate the abundance of each species in the area in the mid
1970s (before Doi Moi) and in 2009. Information from six
hunters from the communes of Tan My and Ngoc Lau who
were too young to have memories of the mid 1970s was
excluded from the study.

Except for these all the hunters identified the species in
their Muong name and were able to identify the male and
female northern white-cheeked crested gibbon as the same
species; they also ruled out the presence in the area of the
Cat Ba langur and Javan chevrotain Tragulus javanicus, a
species whose existence had been mooted in the preliminary
inventory (Dat et al., 2008). Following the administration of
the questionnaires the hunters were invited to participate in

a workshop, with the technical assistance of the facilitator of
each commune, forest rangers and local authorities. After
feedback of the results the participants built up amongst
them a picture of the environmental evolution of the
commune, paying particular attention to the threats to the
40 species (such as overhunting, deforestation and mining;
Table 1). Thus an overview of the Nature Reserve was pieced
together from the joint input of the communes.

Differences between the mid 1970s and 2009 in the
number and mean abundance of species, as determined
from information provided by the hunters and communes,
were analysed with a repeated measures ANOVA, incorpor-
ating the commune as a classification factor. The mean
abundance of each species in each commune was calculated
as the mean of the abundance (on a 0–3 scale, see above)
estimated by each hunter. A comparison was also made of
any change in those vertebrate groups with a sufficient
number of species (mammals and reptiles) for analysis, and
for primates and carnivores. Low sample size precluded
separate analysis of the data for birds (three species) and
amphibians (one species).

For each commune we calculated the mean of the mean
abundance index estimated by each hunter for 1975 and
2009. The total number of species in each period was
calculated by accumulating the species observed by all
hunters. These data were used to analyse any changes in
vertebrates between communes. Any potential effect of
mining on the number of species that have gone extinct in
each commune was examined by a comparison between
communes with and without mining activities (Table 1),
using an ANCOVA in which the loss of species per
commune between 1975 and 2009 was the dependent
variable, the presence/absence of mining was the classifi-
cation factor and species richness in 1975 was the covariate.

Results

According to the hunters 39 of the 40 species have existed or
still exist in the Nature Reserve. The only species that has

TABLE 1 The seven communes in the Ngoc Son Ngo Luong Nature Reserve (Fig. 1), with number of villages, number of households in 2009,
number of hunters (identified by facilitators in their own communes) and the number of hunters interviewed.

Commune
No. of
villages

No. of
households
in 2009

No. of
hunters

No. of interviewees
(included in
analysis)

Conservation
problems*

Bac Son 5 292 8 8 1,2,3,4
Nam Son 7 321 10 6 1,2,3,4
Ngo Luong 6 283 10 9 1,2,3
Ngoc Son 8 486 13 8 1,2,3
Tu Do 10 514 39 9 1,2,3
Ngoc Lau 13 533 45 9 (7) 1,2,3
Tan My 2 86 18 9 (5) 1,2,3,4

*1, growing human population; 2, illegal hunting (poaching and subsistence purposes); 3, deforestation; 4, mining
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never existed there, at least in the previous 60 years, is the
Javan chevrotain. Of the others five are now extinct
(Delacour’s langur, northern white-cheeked crested gibbon,
dhole, oriental small-clawed otter Aonyx cinereus and
Indochinese tiger) and there is no explicit evidence for
the continued presence of six species, although they could
persist in remote areas of the Reserve (Phayre’s leaf-monkey
Trachypithecus phayrei ssp. crepuscula, sun bear Helarctos
malayanus, binturong Arctictis binturong, fishing cat
Prionailurus viverrinus, leopard Panthera pardus and
wreathed hornbill Aceros undulatus). According to the
hunters some of the other 28 species have been reduced to
such low numbers (Supplementary Table S1) that they are
now on the verge of extinction (e.g. Chinese pangolinManis
pentadactyla).

Information from the hunters indicates a decline in the
number and abundance of vertebrates (Fig. 2a,b); this trend
is common to all communes (Table 2). There are large
apparent differences between the two time periods and some
communes have lost more than others (see commune×
period interaction in Table 3). A similar pattern was

observed in the comparison of mammals and reptiles,
with a significant interaction between taxon and period.
There were greater losses of mammals than of reptiles
(Table 3, Fig. 2c). The abundance of primates and carnivores
also fell between the two periods, with a greater drop in
primates (Table 3, Fig. 2d).

Some of the most species-rich communes in 1975, such as
Tu Do and Ngo Luong, also appeared to have the most
species in 2009 but suffered a higher number of local
extinctions (Table 2). Mining had no statistically significant
effect on these extinctions, although there were greater
losses in areas with mining (F1,454.72, P5 0.096).

Discussion

Information on the species present in the Reserve

In recent years local ecological knowledge has
been incorporated into decision-making in themanagement
of protected areas and species (Usher, 2000;
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FIG. 2 Mean (± SE) (a) number of species, abundance index of (b) all species (c) mammals and reptiles only, and (d) primates and
carnivores only, in 1975 and 2009, for all seven communes combined.
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Steinzmetz et al., 2006; Dollo et al., 2010). In the case of
Ngoc Son Ngo Luong Nature Reserve the information
furnished by local hunters from the seven communes
indicates the major changes that have occurred in vertebrate
composition and abundance since 1975. Large mammals
have been the most affected, as one would expect given the
extensive loss of habitat and endemic species in South-east
Asia (Hoekstra et al., 2005; Brooks et al., 2006). Information
provided by hunters on the loss and decline of some
vertebrate species concords with reports from neighbouring
areas. For example, according to the hunters the northern
white-cheeked crested gibbon disappeared from the Reserve

in the mid 1980s but was already rare by the 1970s (the last
was hunted in 1986 in one of the most heavily forested
area of the Reserve). Nadler et al. (2004) estimated that
this gibbon disappeared from the adjacent Pu Luong
Nature Reserve in the mid 1980s. The most striking example
is the disappearance of Delacour’s langur in the central
portion of its reduced range (Nadler et al., 2007). The
previously scarce information on this endemic species
in Ngoc Son Ngo Luong indicated the existence of
two small groups of no more than 10–11 individuals in
2000–2005 (FIPI, 2005); the last three individuals in the
Reserve may have been hunted in 2004 (Dat et al., 2008).
Hunters have not seen this species in the subsequent 7 years.
Nadler et al. (2004) and the interviewed hunters also
indicated that the same area was the last known location of
Phayre’s leaf-monkey. The site indicated by our survey
respondents is that identified by genetic analysis of the
species’ faecal remains (Nadler et al., 2007). There was a
general consensus about the critical state of the Chinese
pangolin, coinciding with studies in the adjacent Cuc
Phuong National Park (Newton et al., 2008). The hunters
have not seen recent signs of the wreathed hornbill in the
Reserve (Cano & Pham, 2010). It seem to be a rare bird in
the region and there is only one known record in Cuc
Phuong National Park (Nadler & Wicker, 2009), a site that
attracts many birdwatchers.

In addition to corroboration of the hunters’ knowledge
with information from other studies, the hunters’ local
ecological knowledge was also borne out by other indirect
evidence. For example, the gibbon’s cries, which are very
far-reaching, ceased to be heard by local people in the
area in the same years in which the hunters claim that
the northern white-cheeked crested gibbon disappeared.
Similarly, attacks on cattle by dholes also ceased, according
to local people and forest rangers, at the time when
hunters indicated that they had disappeared, and similarly
for fatal attacks by tigers on people. Conversely, other
indirect evidence confirmed that some species still occur.
For example, maize-crop damage by bears was verified
during the harvest season from direct observations and
tracks.

TABLE 2 Mean abundance index (see text for further details) and number of species, in 1975 and 2009, calculated from information provided
by individual hunters interviewed in the seven communes (Table 1) in Ngoc Son Ngo Luong Nature Reserve (Fig. 1).

Commune

Mean abundance ± SE No. of species ± SE

1975 2009 1975 2009

Bac Son 2.14 ± 0.06 1.02 ± 0.89 19.20 ± 1.92 14.42 ± 1.03
Nam Son 2.21 ± 0.07 0.99 ± 0.85 20.50 ± 3.03 17.66 ± 1.11
Ngo Luong 2.26 ± 0.06 1.13 ± 1.02 28.00 ± 1.43 20.88 ± 0.90
Ngoc Son 2.29 ± 0.06 1.54 ± 1.41 24.80 ± 1.92 20.37 ± 0.96
Tu Do 2.30 ± 0.06 1.22 ± 1.11 29.00 ± 1.75 19.66 ± 0.90
Ngoc Lau 2.42 ± 0.07 1.08 ± 0.95 20.14 ± 1.62 15 ± 1.03
Tan My 1.79 ± 0.08 0.96 ± 0.80 24.40 ± 1.92 18.60 ± 1.21

TABLE 3 Result of the repeated measures ANOVA used to analyse
changes in the number and abundance of species by time period
(1975 vs 2009) and commune (and their interaction), and by
particular taxa (mammals vs reptiles and primates vs carnivores)
and time period (and their interaction).

df F

No. of species
Commune 6 4.96***
Period 1 100.45***
Commune × Period 6 3.29**
Error 31

Abundance
Commune 6 1.76
Period 1 335.14***
Commune × Period 6 2.36*
Error 209

Mammals vs reptiles
Taxon 1 14.48***
Period 1 159.05***
Taxon × Period 1 78.79***
Error 188

Primates vs carnivores
Taxon 1 3.42*
Period 1 240.55***
Taxon × Period 1 13.36***
Error 99

*P, 0.05; **P, 0.01; ***P, 0.001
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Changes in abundance and species composition

The hunters indicated there has been a decline in the
number of vertebrate species and their abundance from 1975

to 2009, with a decline from reasonably abundant (a mean
abundance index of 2.2) to rare (, 1.2) throughout the
Reserve (Fig. 2b). This indicates conservation problems for
this Reserve and adjacent protected areas. The situation is
particularly critical for mammals, some of which have
already disappeared from the area. The declines can be
attributed to illegal hunting and deforestation. Illegal
hunting (poaching and subsistence hunting) affects mam-
mals more than reptiles as mammals aremore keenly sought
by the local hunters. Large and medium-sized mammals are
also the most sensitive to deforestation in this region
(Newton et al., 2008).

Spatial breakdown of conservation problems

Although loss of species and reduction in numbers have
occurred throughout the Reserve, this has not been uniform.
Not only has there been a general reduction in the
abundance of vertebrates throughout the Reserve but there
has also been a narrowing of the differences in abundance
between communes. In 1975, for example, the estimated
mean abundance indices for Ngo Lau and TuDo communes
were .2.2 but by 2009 they were , 1.25 (Table 2). This
might have been because hunters that formerly hunted near
their villages were forced by the progressive impoverish-
ment of species to hunt in the formerly species-rich com-
munes. In addition most local extinctions were experienced
by the communes that had the most species 3 decades ago.
In addition to the pressures resulting from the increase in
the human population, deforestation and poaching, which
are common to all communes, mining has further exacerb-
ated the situation in certain communes. The current
situation in Ngoc Son Ngo Luong Nature Reserve is similar
to that in other protected sites in South-east Asia, where
mammal populations (especially those of ungulates,
carnivores and primates) are declining (Steinzmetz et al.,
2006; Lau et al., 2010; Starr et al., 2011) because of the
pressures from deforestation, and commercial and sub-
sistence hunting.

Conclusions

In summary, the disappearance or decline of vertebrate
species in Ngoc Son Ngo Luong Nature Reserve and nearby
areas, as indicated by the information furnished by the local
population and from preliminary reports, can be attributed
to a variety of causes. The impacts of these could be
minimized by proper management and effective operational
plans compatible with the inhabitants’ needs (such as the
sustainable management of hunting). This study was used as

a decision-making tool to set up conservation priorities and
budget allocations for research on some animal groups in
theOperational and Conservation Plan for the Ngoc Son Ngo
Luong Nature Reserve, Hoa Binh Province, 2010–2014 (Le
Duc & Cano, 2010). The planning procedure followed a
participatory process directed by the Forest Protection
Department of Hoa Binh and included information and
suggestions provided by the local hunters. This plan has
been in place since 2011. Following this, continued research
on the conservation status of mammals has been carried out
(Willcox & TanhHao, 2011). Our study has also been used as
a source of information on the national conservation status
of some of the studied species (Rawson et al., 2011).
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