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Tir khoa:

Bdy h6 c6 méi nhix, bo hung dn
phdn, cdc logi by hé, Khu béo
tdén thién nhién Hiru Lién.

ABSTRACT

Baited pitfall traps represent a widely utilized method for dung beetle
sampling. The effectiveness of this approach can be influenced by various
factors, such as the type of bait used, trap size, and modifications to trap
components. An important challenge during trapping is the inadvertent
capture of non-target animals (such as: frogs, lizards, snakes, small rodents,
and spiders), a concern that becomes more pronounced if endangered
species are involved. To address these issues, incorporating a mesh panel
into pitfall traps can help prevent unwanted intrusions. In this study, we
assess the efficiency of baited pitfall traps covered with 2 cm mesh panels
(BPTMP) for sampling dung beetles in tropical karst ecosystems within the
Huu Lien Nature Reserve (northern Vietnam), comparing them with typical
baited pitfall traps (BPT). The result revealed no significant differences in the
species composition of dung beetles between the two trap types. Although
the abundance of large-bodied dung beetles was significantly lower in
BPTMPs compared to trap BPTs, the overall abundance and diversity of dung
beetles did not significantly differ between the two trap types. Therefore, we
strongly recommend adopting this sampling technique in studying on the
diversity of dung beetles.

TOM TAT

Bdy hé c6 mdi nhir dwoc st dung phé bién dé thu thdp bo hung dn phdn.
Hiéu qud bdy c6 thé bi dnh hudng bdi nhiéu yéu té, bao gébm logi mdi st
dung, kich thudc cta bdy va viéc diéu chinh cdc thanh phén bdy. Tuy nhién,
véin dé quan trong ctia phuwong phdp nay la viéc thu dwoc cdc mdu déng vat
khdc khéng phéi Id muc tiéu clda nghién ctru, vi du: éch, thdn Idn, rdn, lodi
gdm nhdm nhd va nhén; ddc biét lo ngai hon néu cdc lodi déng vét dé cé
nguy co tuyét ching. D€ gidi quyét nhitng vén dé nay, viéc st dung tdm lwdi
bao phi miéng hép chira méu ciia bdy hé cé thé giup ngdn chdn viéc cdc logi
déng vat khdc sa bdy. Nghién ctru dwoc thuc hién dé ddnh gid hiéu qué cia
viéc st dung bdy hé duoc phd bdng tdm Iwdi cé duwong kinh mat Iwdi 2 cm
(BPTMP) d€ thu thdp bo hung dn phdn trong hé sinh thdi nii dd véi tai Khu
béo tén thién nhién Hitu Lién (mién Bdc Viét Nam) trén co s so sdnh két qud
thu mdu bdng cdc bdy hé dién hinh (BPT). Két quad cho thdy khéng cé sw khdc
biét ddng ké vé thanh phan lodi bo hung gitta hai logi bdy. Mdc di sw phong
pht clia bo hung dn phén kich thudc Icn tai bdy BPTMP thip hon ddng ké so
vdi bdy BPT, nhung mirc d6 phong phu téng thé va da dang cta quén xd bo
hung khéng c6 sw khdc biét c6 y nghia théng ké gitia hai logi bdy. Do do, ki
thudt Iy mdu bdng bdy BPTMP duoc dé xudt st dung khi thuc hién cdc
nghién ciru vé da dang cta quén xé& bo hung dn phén.
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1. INTRODUCTION

Dung beetles (Coleoptera: Scarabaeinae)
are integral components of terrestrial
ecosystems, playing pivotal roles in nutrient
cycling and soil health by decomposing animal
dung [1, 2]. Their ecological significance
extends beyond mere decomposition, as they
also serve as vital indicators of ecosystem
health and environmental disturbances [1].
Even subtle disruptions in undisturbed forest
ecosystems have been demonstrated to exert
profound effects on dung beetle populations,
underscoring their remarkable sensitivity to
environmental changes [1].

In the realm of ecological research focused
on dung beetles, baited-pitfall traps represent
indispensable tools, offering practical and
cost-effective means of sampling these insects
[3, 4]. These traps typically comprised of
containers placed at ground level and filled
with a preserving fluid to capture and retain
collected specimens, have undergone various
modifications aimed at enhancing their
efficiency and capture rates [5, 6].
Modifications such as incorporating barriers,
drift-fences, funnels, roofs, and specialized
baits have been introduced to optimize trap
performance [7]. However, the effectiveness
of pitfall traps can be influenced by numerous
factors including bait type, trap size, and
overall sampling  methodologies.  The
accumulation of plant litter within traps
presents a significant challenge, potentially
leading to biased results due to obstruction.
Moreover, unintended captures of non-target
animals, particularly endangered species, raise
concerns, emphasizing the importance of
minimizing such occurrences [8, 9].

To address these challenges and improve
dung beetle sampling efficacy, the integration
of mesh panels into pitfall traps has emerged
as a promising strategy. Mesh panels have the
potential to prevent unwanted intrusions from
plant litter and non-target captures, thereby
enhancing trap efficiency and facilitating the
acquisition of more accurate biodiversity data.
The present study seeks to investigate the

impact of mesh panel modifications on dung
beetle sampling efficiency by comparing
traditional pitfall traps with modified traps
incorporating mesh panels. Specifically, our
research aims to assess how the addition of
mesh panels influences the capture of various
dung beetle species, taking into consideration
factors such as species composition,
abundance, and diversity. Through a thorough
evaluation of the effectiveness of these
modified traps, our study endeavors to
provide valuable insights into improving dung

beetle sampling methods for ecological
research and biodiversity assessments,
ultimately  contributing to a deeper

understanding of the roles and dynamics of
dung beetles in terrestrial ecosystems.
2. RESEARCH METHODS
2.1. Study area

The study was conducted in 2022 at Huu Lien
Nature Reserve (21°37'-21°45'N, 106°19'-
106°26'E), located in Lang Son Province, North
Vietnam. The reserve covers 10,640 ha and is
characterized by limestone karst, with a majority
of the area (93%) being forested, situated at an
elevation range of 200-400 m above sea level
[10]. Two valleys bisect the limestone karst, with
the highest summit being Mount Kheng at 638
m. Huu Lien also includes freshwater
ecosystems with two main streams (Buc and An)
and four lakes (Giangca, Deolong, Landat, and
Lanty) [11]. The reserve boasts high biodiversity,
with 794 vascular plant species, 57 mammal
species, 23 reptile species, and 14 amphibian
species. Notably, the critically endangered Huu
Lien Tiger Gecko (Goniurosaurus huuliensis) was
recently discovered in the region [12]. Despite
its rich natural resources, Huu Lien has
experienced disturbances, particularly due to
clear-cutting for shifting agriculture. As a result,
the reserve hosts various habitat types,
including different forest types, meadows, and
agricultural land [13].
2.2. Dung beetle sampling

We conducted a comparative study using
two types of baited-pitfall traps to evaluate
their efficiency in capturing dung beetles
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within primary forests at elevations ranging
from 200 to 400 meters above sea level in Huu
Lien Nature Reserve. A total of 50 baited traps
were deployed, with 25 of the first type (trap
1- BPT, lacking a mesh panel) and 25 of the
second type (trap 2- BPTMP, equipped with a
mesh panel) (Fig. 1). These traps were

(A)

Dung beetles were collected in a
standardized manner at 25 trapping sites over
two collection trips. The first trip occurred
between September and October 2021, while
the second trip took place between May and
June 2022. At each site, traps were set up for
a 72-hour period during the trapping phase,
with checks conducted twice daily at 6:00 AM
and 6:00 PM. During these checks, we
collected trapped dung beetles to determine
their activity patterns and released any other
animals (such as snakes, lizards, frogs, and
spiders) that had accidentally fallen into the
traps. Subsequently, dung beetle collections
were consolidated to obtain a single sample
per trap for analysis.

For dung beetle species identification, we
utilized identification keys from various
sources including [14-18] the |list of
Vietnamese dung beetles documented in [19],
and cross-referenced with the reference
collections of Vietnamese dung beetles in [20].
The three main functional groups including
tunnelers, dwellers, and rollers were followed
in [21].

strategically positioned at intervals of at least
150 meters to ensure a representative sample
of dung beetles. Each trap comprised a plastic
bucket buried to its rim in the soil, filled with
0.5 litters of 70% ethanol, and baited with a
1:1 mixture of buffalo and pig dung.

(B)
Figure 1. Baited-pitfall traps placed in primary forests
A — typical baited pitfall trap (BPT), B - baited pitfall traps covered with mesh panels (BPTMP)

2.3. Data analysis

Statistical analyses were carried out in R
software. Species accumulation curves were
used to assess the completeness of dung-
beetle sampling across the two trap types. We
performed generalized linear models (GLM)
[22] using Poisson distribution to test for
differences in species richness, abundance,
and diversity among the two trap types.
Species diversity was measured by Shannon—
Wiener index H’, calculated using the
following equation:

H= Si[(pD) X In(pi)].

where,

pi = proportion of total sample
represented by species i (Divide no. of
individuals of species i by total number of
trapping sites);

s = number of species = species richness.
3. RESULTS

In total, 691 individuals of 22 species were
sampled and identified from the 25 trapping
sites in primary forests of the Huu Lien Nature
Reserve. Sampling completeness was > 99.5%
for dung beetle communities captured in both
BPT and BPTMP (Figure 2).
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Figure 2. Species accumulation curves of dung beetles in the two pitfall traps BPT and BPTMP

The dung beetles were distributed across 7 individuals,
genera: Copris (118 individuals, 3 species), individuals, 1 species), Paragymnopleurus (14
Synapsis (16 individuals, 1 species), Catharsius individuals,
(29 individuals, 1 species), Onthophagus (434 individuals, 2 species) (Table 1).

13  species),

Liatongus

(11

1 species), and Aphodius (69

Table 1. Numbers of each dung beetle species collected across the two traps

Species BPT BPTMP Total
Aphodius elegans Allibert, 1848 (*) 8 14 22
Aphodius mirificus (Balthasar, 1932) (*) 4 43 47
Catharsius molossus (Linnaeus,1758) 22 7 29
Copris magicus (Harold, 1881) 39 3 42
Copris reflexus (Fabricius,1787) 10 11 21
Copris szechouanicus (Balthasar, 1958) 45 10 55
Liatongus gagatinus (Hope,1831) 5 6 11
Onthophagus sp.1 6 9 15
Onthophagus sp.2 18 15 33
Onthophagus sp.3 16 17 33
Onthophagus sp.4 6 7 13
Onthophagus sp.5 6 9 15
Onthophagus dorsofasciatus (Fairmaire,1893) 75 20 165
Onthophagus jeannelianus (Paulian,1945) 17 23 40
Onthophagus luridipennis (Boheman, 1858) 10 19 29
Onthophagus luridipennis (Boheman, 1858) 4 5 9
Onthophagus orientalis (Harold, 1868) 6 7 13
Onthophagus phanaeiformis (Boucomont, 1914) 5 6 11
Onthophagus strandi (Balthasar, 1935) 5 7 12
Onthophagus trituber (Wiedemann, 1823) 22 24 46
Paragymnopleurus brahminus (Waterhouse, 1890) (**) 2 12 14
Synapsis tridens (Sharp, 1881) 12 4 16
Total 343 348 691

Note: Typical baited pitfall traps (lacking a mesh panel): BPT, and baited pitfall traps covered with mesh
panels: BPTMP; (*) and (**) indicate species that are dwellers and rollers, respectively; species without

asterisks are tunnelers.
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Species richness, abundance, and diversity ~ between the two trap types, with the total
(Shannon index) did not show significant  abundance in BPT being nearly 5-fold higher
differences between BPT and BPTMP in the  compared to BPTMP, while the abundance of
whole dung-beetle community. However, the  rollers and dwellers in BPTMP was 6-fold and
abundance of the large dung-beetle tunnelers  5-fold higher, respectively, compared to BPT
(body length > 10 mm) significantly differed (Fig. 3, Table 2).

richness abundance Shannon
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Figure 3. Boxplots showing species richness, abundance, and Shannon diversity index of whole dung beetle
community (A, B, C) and large Tunnelers (D), Rollers (E) and Dwellers (F) in two trap types: typical baited pitfall
traps (lacking a mesh panel): BPT, and baited pitfall traps covered with mesh panels: BPTMP

Table 2. GLM for species richness, abundance, and Shannon diversity index
of whole dung-beetle community and the three functional groups between both traps: BPT and BPTMP.
Test statistics (z-value) and p-values are presented

z-value p-value
A. Whole dung-beetle community
Species richness 0.000 1
abundance -0.098 0.092
Shannon diversity index -0.063 0.950
B. Rolling dung-beetle community
Abundance 5.442 <0.001
C. Large-bodied tunneling dung beetles
Abundance 4.237 <0.001
D. Dwelling dung beetles
Abundance 5.114 <0.001
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4. DISCUSSION

The effectiveness of various traps in
sampling dung beetles has been extensively
studied. research conducted in
Bornean tropical forests has qualitatively
demonstrated that both baited pitfall traps
and flight interception traps captured
complementary aspects of the dung beetle
community [23]. ONG et al. (2021) [24] further
expanded on this by revealing that these two
trap types captured with
different functional traits, with baited pitfall

Previous

communities

traps capturing more functionally diverse
communities. This suggests that employing a
combination of both baited pitfall traps and
flight interception traps is beneficial for
assessing dung beetle composition across
different habitat types. However, previous
studies have overlooked minor modifications
in trap designs.

Our study fills this gap by providing the first
guantitative comparison of community
composition and taxonomic diversity of dung
beetles in tropical karst forests in Vietnam,
using two variations of baited pitfall traps (BPT
and BPTMP). Our results indicate a
significantly higher abundance of rolling and
dwelling dung beetle communities in BPTMP
traps. In contrast, BPTs are more effective at

sampling the functional group of large
tunnelers, including species like Copris
szechouanicus, Copris magicus, Synapsis

tridens, and Catharsius molossus, which are
crucial for ecosystem functioning due to their
role in dung removal in tropical forests [25,
20]. Therefore, considering that each trap can
target communities associated with specific
dung types, we recommend using a
combination of BPT and BPTMP traps for
studies linking dung beetle functional groups
to ecosystem functions such as dung removal
and burial in tropical primary forests over
limestone.

For biodiversity surveys assessing dung
beetle species composition across various
habitat types [26], it is recommended to
utilize a combination of different traps to
ensure a comprehensive sampling of the
entire community. Although our study
revealed differences in abundance between
trapping methods for certain species groups,
overall species richness, abundance, and
diversity did not significantly differ between
BPT and BPTMP traps. This suggests that while
specific trapping methods may excel in
capturing certain species or groups, they may
not influence the overall diversity of dung
beetle communities significantly. Thus, we
recommend the use of BPTMP traps over BPT
traps to minimize incidental trapping of other
animals in tropical primary forests over
limestone. These findings emphasize the
importance of selecting appropriate trapping
techniques tailored to the target species or
groups of interest. By employing more
efficient trapping methods, researchers can
obtain more representative data on dung
beetle communities, enhancing our
understanding of their ecological roles and
informing conservation strategies aimed at
preserving their populations and habitats.

5. CONCLUSION

Our study contributes to the understanding
of dung beetle ecology and trapping
methodologies in tropical forest ecosystems.
By highlighting the effectiveness of different
trapping methods and their implications for
abundance, and

species  composition,

diversity, our research provides valuable
insights that can guide future studies and
conservation efforts aimed at preserving dung
beetle biodiversity and ecosystem function in
primary forest habitats. Further research is
needed to understand the factors contributing
to differences in trap success between BPT

and BPTMP, including trap design, bait
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attractiveness, environmental conditions, and
habitat preferences of dung beetle species, as
interactions and

well as interspecific

ecological processes within dung beetle

communities.

Figure 4. Habitus of large-bodied tunnelers in BPTs
A-Catharsius molossus, B-Copris magicus, C-Synapsis tridens, and D-Copris szechouanicus
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