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SUMMARY

Dung beetles (Coleoptera: Scarabaeidae) are considered as an indicator group of habitat modifications.
However, little is known about the indicative value of dung beetles for changes in tropical island karst
ecosystems of Vietnam. We sampled dung beetles along the gradient of forest disturbances from primary
forests to old secondary forests (> 15 years since abandonment), young secondary forests (< 10 years since
abandonment) and Acacia plantations (< 10 years old) in Cat Ba National Park, Hai Phong Province. Our main
aim is to detect dung-beetle species that could be used as potential indicator species of habitat changes. In total,
10 dung-beetle species were identified as potential indicator species of different forest types in Cat Ba National
Park based on the indicator value (IndVal) of Dufréne & Legendre (1997). Four species were identified as true
specialists in old secondary forests including Onthophagus phanaeiformis (Boucomont, 1914), Sisyphus
neglectus (Gory, 1833), Copris szechouanicus (Balthasar, 1958), and Onthophagus dorsofasciatus (Fairmaire,
1893). Three species, comprising Onthophagus spl., Synapsis tridens (Sharp, 1881), and Onthophagus trituber
(Wiedemann, 1823) could be considered as the indicator species of primary forests. Caccobius unicornis
(Fabricius, 1798) and Onthophagus jeannelianus (Paulian, 1945) were indicator species of young secondary
forests; Onthophagus luridipennis (Boheman, 1858) was the indicator of Acacia plantations. In the following,
we gave an annotated and illustrated checklist of the indicator dung-beetle species that may be broadly useful

for habitat monitoring and conservations in Cat Ba National Park.
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1. INTRODUCTION

Dung beetles currently comprise around 7000
described species, belonging to three families:
Scarabaeidae, Aphodiidae and Geotrupidae
(Coleoptera: ~ Scarabaecoidea) (Hanski &
Cambefort 1991). These beetles typically use
animal droppings as food and nesting material,
and are among the most predominant members
of dung insect communities in tropical and warm
temperate regions (Davis et al., 2001; Davis et
al., 2008). Dung beetles are highly sensitive to
changes in the physical structure of habitats, such
as vegetation cover (Costa et al., 2017), leaf litter
layer (Nichols et al., 2013; Tixier et al., 2015)
and soil characteristics (Farias et al. 2015; Beiroz
et al., 2017). Therefore, dung beetles are
considered as good indicators of a wide range of
biodiversity impacts resulting from habitat
changes (Nichols et al., 2007; Beiroz et al.,
2017). On other hand, since dung beetles depend
on vertebrate droppings as essential food and
nesting resources, they may better reflect
changes in the composition and structure of
vertebrate communities (Vulinec 2000; Andresen

& Laurance 2006; Enari et al., 2013). The
conversion of tropical forests to anthropogenic
land-uses has generated a great variety of natural
fragments, resulting in the loss of biodiversity,
ecosystem functions and services of different
groups of organisms (Bernard et al., 2009; Wood
2017). Dung beetles are increasingly being used
in the assessment of the influences of forest
transformations on biodiversity (Quintero &
Roslin 2005; Vulinec et al., 2006; Gardner et al.,
2008; Audino et al., 2014; Beiroz et al., 2017;
Davis et al., 2001; Hayes et al., 2009). However,
there is still very little known about the indicative
value of dung beetles for changes in tropical
island karst ecosystems of Vietnam.

Cat Ba National Park (Hai Phong Province)
hosts a total area of 17,362.96 ha including both
terrestrial ecosystems (10,912.51 ha) and marine
ecosystems (6450.45 ha). Cat Ba National Park
is the heart of the Cat Ba Biosphere Reserve,
possessing a high diversity level with 58
mammals, 205 birds, 47 reptiles, 23 amphibians,
and 1,585 plant species being recorded
(Abramov & Kruskop 2012). Like many
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protected nature areas in Vietnam, much of the
natural forest area in Cat Ba National Park is
irreversibly destroyed by clear-cutting for arable
land, selective logging, and limestone
quarrying, leading to the existence of a variety
of forest fragments, including areas of primary
forests, patches of various secondary forests,
and plantations, and meadows. Investigating
dung-beetle communities along the forest
disturbance gradient in Cat Ba National Park, we
aim to quantify and identify dung-beetle species
that could be used as potential indicator species
of various forest types in this national park.
2. RESEARCH METHODOLOGY
2.1. Dung-beetle sampling and identification
We sampled dung beetles in a standardized
manner across a gradient of forest disturbance
from primary forests to old secondary forests (>
15 years since abandonment), young secondary
forests (< 10 years since abandonment) and
Acacia plantation (< 10 years old), using baited
pitfall traps, over two collection trips between
September 2020 and April 2021. In total 20
traps were placed at each forest type.

Traps were deployed at intervals of at least
200 m to minimize trap interference. We placed
traps for 72 h at each site during each collection
trip. We checked the traps at 6:00 am and 6:00
pm every day, collecting the trapped dung
beetles, but also releasing other animals (e.g.,
snakes, lizards, frogs, and spiders) that had
accidentally fallen in the traps. The dung beetle
collections were then pooled to obtain a single
sample per trap for analysis. Each pitfall trap
consisted of a plastic bucket, 22 cm in diameter
and 16 cm depth, buried to its rim in the soil.
Traps were filled with 70% ethanol, and baited
with 300 g of a fresh pig-buffalo dung (1:1 vol.
ratio) mixture (Bui et al., 2022).

Dung-beetle species were identified based
on the identification keys of Balthasar (1963),
Barbero et al., (2009), Bui et al., (2018), Bui &
Bonkowski (2018), Ochi & Kon (2007),
Paulian (1945), the list of Vietnamese dung
beetles documented by Kabakov and Napolov
(1999), and through comparison with the
reference collections of Vietnamese dung
beetles in Bui et al., (2020).

()
Figure 1. Trapping sites at the four examined forest types in Cat Ba National Park
(Acacia plantation site (a), young secondary-forest site (b), old secondary-forest site (c), and

primary-forest site (d))

(d)
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2.2. Data analysis

Statistical analyses were carried out in R
software v.3.5.1 (R Core Team 2018). An
indicator value analysis (IndVal) was carried
out, using the indicspecies package v. 1.7.6
(Caceres & Jansen 2016) in order to identify
the characteristic species of specific forest
types (Dufrene & Legendre 1997). This
method combines measures of specificity and
fidelity and provides an indicator value
(IndVal) for each species, as a percentage, as
follows (Dufrene & Legendre 1997):

IndValij = 4;; x Bjj x 100
Specificity measure:
Ajj = Nindividuals;j/Nindividuals;

(where Nindividuals; is the mean number
of species i across sites of group j, and
Nindividuals; is the sum of the mean numbers
of individuals of species i over all groups;
Fidelity measure: Bjj = Nsites;/Nsites;

(where Nsites;; is the number of sites in cluster
(habitat) j where species i is present, and Nsifes,
is the total number of sites in that cluster.

Each species has a percentage IndVal with
an associated measure of significance, with
high and significant percentages designating
good indicator species. Those species with
significant IndVals of greater than 70% were
regarded as characteristic indicator species for
the habitat. While detector species have
IndVal values between 45 and 70%.

3. RESULTS AND DISCUSSIONS
3.1. Indicator and detector species

A total of 34 taxa of dung beetles were
collected, with 30, 27, 21, and 18 species
being found in primary forests, old secondary
forests, young secondary forests and Acacia
plantations, respectively, during the two
dedicated surveys in 2021.

The dung beetles were distributed across
11 genera: Onthophagus Latreille, 1802 (20
taxa), Copris Geoffroy, 1762 (four species),
Aphodius Tlliger, 1798 (two species). Eight
genera: Synapsis Bates, 1868, Catharsius
Hope, 1837, Eodrepanus Barbero, Palestrini,
and Roggero, 2009, Paragymnopleurus Shipp,

1897, Sinodrepanus Simonis, 1985, Sisyphus
Latreille, 1807, Liatongus Reitter, 1892 and
Caccobius Thomson, 1859, had one
representative species each.

Of the 34 collected taxa, 26 taxa were
identified to species level; eight taxa could
not be named reliably to species but were
assigned to the two genera Onthophagus and
Aphodius. In the case of these genera, we
assigned taxa to morphospecies. Although,
such taxonomic classification does not affect
our analyses, further taxonomic work,
including in some cases generic revisions,
would be required to name species with
confidence.

The results of analysis of indicator species
(Dufréne and Legendre, 1997) of dung-beetle
characteristic ~ of primary forests, old
secondary forests, young secondary forests
and Acacia plantations are showed in Table 1.
Fifteen (15) species (44% of the total) with
significant (p< 0.05) IndVal values were
identified for each forest type: 10 indicator
species with IndVal values higher than 70%,
five detector species (IndVal value between
45 and 70%) and 19 species with IndVal
values lower than 45%.

We used the IndVal values -calculated
according to Dufréne & Legendre (1997) to
identify  indicator  species as  those
“characteristic” of a particular habitat (i.e. with
high specificity and fidelity to the habitat and
thus a high percentage IndVal). In total, 10
indicator species with IndVal values higher

than 70% were recorded. Onthophagus
phanaeiformis, Sisyphus neglectus, Copris
szechouanicus, and Onthophagus
dorsofasciatus, were identified as true
specialists in  old secondary forests.
Onthophagus spl. Synapsis tridens and

Onthophagus trituber could be considered the
indicator species of primary forests. Caccobius
unicornis and Onthophagus jeannelianus were
indicator species of young secondary forests;
Onthophagus luridipennis was the indicator of
Acacia plantations.
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Table 1. Dung beetles species with significant values of IndVal (p< 0.05) sensitive to the habitat
conditions and forest types in Cat Ba National Park. Species with IndVal values higher than 70% (in
bold and with asterisk) were considered indicator species. Species with IndVal values between 45%

and 70% (in bold and without asterisk) were considered detector species

. IndVal
Species PF OSF  YSF AP
Aphodius spl. 47.2 314 12.1 8.3
Aphodius mirificus (Balthasar, 1932) 23.4 21.1 - 11.5
Caccobius unicornis (Fabricius, 1798) 0.85 1.21 77.4 (*) 18.2
Catharsius molossus (Linnaeus,1758) 16.2 21.6 1.89 -
Copris magicus (Harold, 1881) - 3.7 - -
Copris reflexus (Fabricius,1787) 16.7 15.9 - 1.01
Copris sinicus (Hope, 1842) 2.31 54 6.2 -
Copris szechouanicus (Balthasar, 1958) 19.2 83.3 (%) 20.2 13.4
Eodrepanus striatulus (Paulian,1945) 50.6 20.4 7.8 6.6
Liatongus gagatinus (Hope,1831) 1.3 1.3 2.4 -
Onthophagus crassicollis (Boucomont,1913) 0.8 0.8 11.3 2.9
Onthophagus deflexicollis (Lansberge,1883) 1.8 2.2 6.7 -
Onthophagus dorsofasciatus (Fairmaire,1893) 45.2 80.1 (%) 41.6 20.5
Onthophagus jeannelianus (Paulian,1945) 2.1 34 74.2 (*) 8.9
Onthophagus luridipennis (Boheman, 1858) 0.6 - 26.3 75.6 ()
Onthophagus orientalis (Harold, 1868) 16.3 46.5 43.1 20.8
Onthophagus papulatus (Boucomont, 1914) 5.7 1.1 8.7 2.3
Onthophagus phanaeiformis (Boucomont, 1914) 4.6 78.3 (*) - -
Onthophagus rectecornutus (Lansberge, 1883) 11.4 6.8 5.5 4.1
Onthophagus sp 1. 90.9 (*) - - -
Onthophagus sp2. 1.3 7.4 - -
Onthophagus sp3. - - - 3.8
Onthophagus sp4. - - 21.5 -
Onthophagus sp5. 2.2 1.3 - -
Onthophagus spb. 20.2 34 24.1 6.8
Onthophagus sp7. 10.1 8.5 29.5 14.6
Onthophagus strandi (Balthasar, 1935) 6.7 9.8 65.1 51.6
Onthophagus sycophanta (Fairmaire, 1887) 46.7 - - -
Onthophagus tricornis (Wiedemann, 1823) 92.7 (*) 324 - -
Onthophagus trituber (Wiedemann, 1823) 43.2 - - -
Paragymnopleurus brahminus (Waterhouse, 1890) 23.2 17.3 8.9 1.2
Sinodrepanus similis (Simonis, 1985) - 23.1 - -
Sisyphus neglectus (Gory, 1833) 1.3 91.2 (%) 1.2 -
Synapsis tridens (Sharp, 1881) 89.6 (*) - - -

Note: Primary forests (PF), old secondary forests (OSF), young secondary forests (YSF) and Acacia

plantations (AP)
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Dung beetle species characteristic of
primary forests and old secondary forests were
predicted to be indicative of a change in habitat
state from intact forests to disturbed forests.
Primary forests and old secondary forests are
restricted and threatened habitat types that,
under disturbance conditions in the area, are
being replaced by anthropogenic habitats such
as secondary forests and plantations forests.
Differences in vegetation structure between the

forests habitats are thought to contribute most
to the differences in dung beetle assemblages
between them.
3.2. Annotated and illustrated checklist of
indicator dung-beetle species in Cat Ba

The following list includes photographs of
10 indicator dung-beetle species identified
during the dedicated dung-beetle surveys,
together with their distribution in Vietnam and
Cat Ba.

Onthophagus phanaeiformis
Vietnam records:

Ha Noi, Cao Bang, Hoa Binh, Thanh Hoa,
Nghe An, Gia Lai, Kon Tum (Kabakov &
Napolov, 1999; Bui et al., 2020; Bui Van Bac,
2020b; Bui Van Bac & Tran Thanh Lam,
2021).

Cat Ba NP records:

Recorded at primary forests

secondary forests in April/May 2021.

and old

(Scale bar: 1 mm)

Onthophagus dorsofasciatus
Vietnam records:

Lao Cai, Lang Son, Cao Bang, Tuyen
Quang, Thanh Hoa, Nghe An (Kabakov &
Napolov, 1999; Bui et al., 2020; Bui Van Bac,
2020b; Bui Van Bac & Tran Thanh Lam,
2021).

Cat Ba NP records:

Recorded at primary forests, old secondary
forests, young secondary forests and Acacia
plantations in April/May 2021.

Onthophagus trituber
Vietnam records:

Thai Nguyen, Tuyen Quang, Ha Giang, Vinh
Phuc, Lao Cai, Cao Bang, Hoa Binh, Son La,
Lai Chau, Thanh Hoa, Nghe An, Dong Nai
(Kabakov & Napolov, 1999; Bui et al., 2020;
Bui Van Bac, 2020a,b; Bui Van Bac & Tran
Thanh Lam, 2021).

Cat Ba NP records:

Recorded at primary forests in April/May

2021

(Scale bar: 1 mm)
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Onthophagus jeannelianus
Vietnam records:

Cao Bang (Bui Van Bac, 2020b).
Cat Ba NP records:

Recorded at primary forests, old secondary
forests, young secondary forests and Acacia
plantations in April/May 2021.

(Scale bar: 1 mm)
Onthophagus luridipennis
Vietnam records:

Ha Noi, Lang Son, Vinh Phuc, Cao Bang,
Yen Bai, Ha Giang, Tuyen Quang, Thai
Nguyen, Quang Ninh, Hai Phong, Hoa Binh,
Son La, Lai Chau, Dien Bien, Thanh Hoa, Nghe
An, Quang Binh, Quang Tri, Gia Lai, Kon
Tum, Binh Thuan, Dong Nai, Binh Duong,
Binh Phuoc (Kabakov & Napolov, 1999; Bui et
al., 2020; Bui Van Bac, 2020a,b; Bui Van Bac
& Tran Thanh Lam, 2021).

Cat Ba NP records:

Recorded at primary forests, young
secondary forests and Acacia plantations in
April/May 2021.

(Scale bar: 1 mm)

Onthophagus spl.
Vietnam records: unknown
Cat Ba NP records:
Recorded at primary forests in April/May
2021.

(Scale bar: 1 mm)

Sisyphus neglectus
Vietnam records:

Ha Giang, Tuyen Quang, Nghe An
(Kabakov & Napolov, 1999; Bui Van Bac &
Tran Thanh Lam, 2021).

Cat Ba NP records:
Recorded at primary forests and old
secondary forests in April/May 2021. (Scale bar: 1 mm)
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Copris szechouanicus
Vietnam records:

Thanh Hoa, Nghe An, Cao Bang (Kabakov
& Napolov, 1999; Bui et al., 2018; Bui et al.,
2020; Bui Van Bac, 2020b; Bui Van Bac &
Tran Thanh Lam, 2021).
Cat Ba NP records:

Recorded at primary forests, old secondary
forests, young secondary forests and Acacia
plantations in April/May 2021.

(Scale bar: 1 mm)

Synapsis tridens
Vietnam records:

Lao Cai, Lai Chau, Cao Bang, Thanh Hoa,
Nghe An (Kabakov & Napolov, 1999; Bui et
al., 2018; Bui & Bonkowski, 2018; Bui et al.,
2020; Bui Van Bac, 2020a,b; Bui Van Bac &
Tran Thanh Lam, 2021).

Cat Ba NP records:
Recorded at primary forests in April/May 2021

Caccobius unicornis
Vietnam records:

Ha Noi, Lao Cai, Quang Ninh, Ha Giang,
Thai Nguyen, Tuyen Quang, Thanh hoa, Nghe
An, Quang Binh, Quang Tri, Dong Nai, Phu
Quoc (Kabakov & Napolov, 1999; Bui et al.,
2020; Bui Van Bac & Tran Thanh Lam, 2021).
Cat Ba NP records:

Recorded at primary forests, old secondary
forests, young secondary forests and Acacia
plantations in April/May 2021.

(Scale bar: 1 mm)

4. CONCLUSION

We identified 10 dung-beetle species as
potential indicator species of different forest
types in Cat Ba National Park. We provided
annotated and illustrated checklist of these
indicator dung-beetle species. The checklist
contains a detailed photographic guide, hence
it may be broadly useful for both specialists
and non-specialists in the identification of
these indicator species.
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GIA TRI CHI THI SINH HQC VA CAC LOAI BQ HUNG PAC TRUNG
TRONG RUNG NHIET POI TAI VUON QUOC GIA CAT BA

Bii Vin Bic
Truong Dai hoc Lam nghiép

TOM TAT

Bo hung an phan (Coleoptera: Scarabacidae) dugc biét dén 12 nhoém sinh vat chi thi sinh hoc quan trong cho su
thay ddi sinh canh. Tuy nhién, cho dén nay gia tri chi thj sinh hoc cua chung tai cac khu rimg nhiét d6i trén dao
& Viét Nam con it duoc biét dén. Nghién cuu da tién hanh diéu tra quﬁn xa bo hung theo cac mirc d§ xdo tron
khéc nhau ctia h¢ sinh thai rimg tai Vuon Qudc gia (VQG) Cat Ba, Thanh ph Hai Phong: tir rimg nguyén sinh
dén ring thir sinh lau ndm (rimg da phuc hdi trén 15 ndm), rimg thtr sinh méi phyc hdi (dudi 10 nim) va rimg
tréng keo (duédi 10 ndm). Muc dich chinh cua nghién ctru la xac dinh dugc cac loai bo hung chi thi cho kiéu
rimg chinh tai khu vue. Dua vao két qua dinh lugng vé gié tri chi thi (IndVal) cua Dufréne & Legendre (1997),
10 loai bo hung da duoc x4c dinh 1a loai chi thi tiém ning cho cac kiéu rimg khac nhau & VQG Cat Ba. Trong
d6, bdn loai dic trung (chi thi) cho cac khu rung thr sinh 1au nam, bao gém Onthophagus phanaeiformis
(Boucomont, 1914), Sisyphus neglectus (Gory, 1833), Copris szechouanicus (Balthasar, 1958) va Onthophagus
dorsofasciatus (Fairmaire, 1893). Ba loai: Onthophagus spl., Synapsis tridens (Sharp, 1881) va Onthophagus
trituber (Wiedemann, 1823) dugc coi 1a loai chi thi cia rung nguyén sinh. Caccobius unicornis (Fabricius
1798) va Onthophagus jeannelianus (Paulian, 1945) 1a loai chi thi cua rung tht sinh mdi phuc h01
Onthophagus lurldzpenms (Boheman 1858) 1a loai chi thi cho ru'ng trong keo. Ngoai ra, nghién ctru cung cép
thong tin vé dic diém phéan bd cung voi cac buic anh déc ta vé cac loai chi thi, qua do6 gitp viéc nhdn dang
ching dé dang, thuén lgi cho viéc quan trc va quan 1y h¢ sinh thai riung nhiét doi tai VQG Cat Ba.

Tir khéa: Bo hung, loai chi thi, hé sinh thai nii da véi, Vuon Qubc gia Cat Ba.
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