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Application of Necrophilous Beetles to Long-term Monitoring

of a Forest Ecosystem Associated with Climatic Change

Wenbe Hwang,”  Chao-Nien Koh ™"

[ Summary ]

We used necrophilous beetles for the long-term monitoring of biodiversity in the Hapen
Nature Preserve in northern Taiwan, evaluating changes in the species compositions of beetle
communities in 2 different habitats over a 6-yr period. The species richness, individual numbers,
and diversity indices of the beetles were significantly higher in a forest habitat than in a meadow
habitat. The species similarity between the beetle communities in the 2 habitats was 3.95%. Differ-
ences in species richness and heterogeneity of the vegetation may have affected the compositions
of the beetle communities in the 2 habitats. Compared to non-baited pitfall traps, the species rich-
ness and individual numbers were greater in baited pitfall traps. Different dominant structures of
beetles between non-baited and baited traps were demonstrated. We suggest using baited traps to
investigate the effects of global warming on compositions of necrophilous beetle communities. We
selected 42 species of necrophilous beetles representing 7 families as indicator species for long-
term monitoring of biodiversity during the survey periods. Diversity indices of beetles monitored
in the meadow habitat significantly increased in 2006 compared to those in 2001. The community
similarity between the 2001 and 2006 survey periods was only 14.7% for the meadow habitat. In
the forest habitat, the diversity indices varied and significantly differed among 2001, 2006, and
2007, despite the annual individual numbers not significantly differing. Based on comparisons of
data from 2001 with those from the 2006 and 2007 survey periods, beetle-community similarities
in the forest habitat were 49.0 and 44.9%, respectively. Variations in species compositions of bee-
tle communities in the 2 habitats in different years may have been due to changes in the ambient
temperature. Moreover, communities of necrophilous beetles in the meadow habitat were probably
more strongly influenced by changes in temperature than those in the forest habitat.

Key words: necrophilous beetles, bait effect, biodiversity, community structure, long-term monitor-
ing.

Hwang W, Koh CN. 2013. Application of necrophilous beetles to long-term monitoring of a forest
ecosystem associated with climatic change. Taiwan J For Sci 28(2):83-96.

Y Department of Ecoscience and Ecotechnology, National Univ. of Tainan, 33 Shulin St., Sec. 2, West
Central Dist, Tainan 70005, Taiwan. B\ 2 KEARERIZ2EFMTZZR » 700055 7 i 57 & B AR E
T BR335% -

? Department of Forest Protection, Taiwan Forestry Research Institute, 53 Nanhai Rd., Taipei 10066,
Taiwan. MREEGERATARMORGER - 100665 LT FIIGER 5358 -

» Corresponding author, e-mail:nien@tfri.gov.tw SHEIEFE -

Received March 2013, Accepted May 2013. 201343 X5 201385 @ -



84 Hwang and Koh—Long-term monitoring of necrophilous beetles

ABREETRRARTEASRERAGRPERGRA
F VRN P
B =

DBt s R B HAL G ES 2 AR & LAY SR - ARG 6 5 Mt B 5L it 2 3 e 1
FRE ALY R B EE - MR b RS S R - (ERR B SRR B S A Bt - EL R
SRR Z AL 1395 % » L7 S v 8 Bl St A A 2 o 56 e e SR AN AL ] o 3 B et e X R AR
T JHEETS B 4t v SR BHAT R 8 25 (0 R sl W R B B M e - LR B b i R G S AR ] -
A TR F A A P BRI A BT 72 S BRI (L R PR M Y S R i 2 2 - AP SRAE 32 e B BH I
5 [ A9 P 538 5 74 276 PR 8 R RS B PO © 200647 B3t B o2 PR 2 B PR R 200 LR B R 1)
HMERERA UL fE14.7% » PRI ZERMELE2001 ~ 200682200747 AT B AT 2 52 - 1k B 10 P i fle

B3 FREE A2 R - MRMEB200 1R A REEA UL 72 51 5549.0 52 44.9% - SRR AY R AT RER AN [
ERIBBE I SR A A BB R K — - FEEE R B A T2 R L Bk -

BRS¢ BRI &  FEARCR VSRR - RERE - RIVIERH -

BXME - BKFE - 2013 - FAEE MR BERMMEBRRREMEER - GERER2

28(2):83-96 ¢

INTRODUCTION

Variations in insect life histories as a
result of changes in abiotic factors in the
environment are generally thought to be as-
sociated with the soil matrix and climatic
conditions, and the effects of changes in am-
bient temperature are particularly significant
(Sparks et al. 1995, Sota 1996, Blanckenhorn
1997, Tatar et al. 1997). Among biotic factors,
competitors and available resources are con-
sidered to affect the population dynamics of
insects (Sota 1996, Smith and Merrick 2001).
Carcasses are highly nutritious, but such
resources are often scarce (Hanski and Cam-
befort 1991). The decomposition of a carcass
is affected by the temperature, humidity, and
type of habitat (Payne 1965, Nabaglo 1973,
Swift et al. 1979). Temperature and humidity
are the main factors affecting microbial activ-
ity, which affects the decomposition rate of a

carcass (Swift et al. 1979). Within the carcass
microhabitat, the most important community
members are arthropods, with Coleoptera,
Diptera, Hymenoptera, and Araneida com-
prising 78~90% of animals on the carcass
(Payne 1965, Johnson 1975). The presence of
insects accelerates the decomposition of car-
casses (Payne 1965, Putman 1978). The rate
of development of Diptera larvae increases at
higher temperatures (Nishida 1984), indirect-
ly affecting the length of time during which
carcass resources are available. Changes in
climatic conditions cause variability in the
environment, and this affects resource avail-
ability and the species using the resources.
In particular, the species composition and
population density of decomposers, such as
coprophagous and necrophagous beetles,
are significantly impacted by such climatic
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changes (Hanski and Cambefort 1991, Mar-
tin-Piera and Lobo 1993).

Baited trapping of insects can reflect the
biodiversity in different ecosystems under
different seasonal climatic conditions. Com-
petition for limited, variable food resources
results in the differentiation of ecological
niches and subtle changes in the life history
of species (Sauer 1986, Sauer et al. 1986).
When the carcass decomposition rate is rapid
during hot summer months, the opportunity
and available time for feeding greatly de-
crease, and the reduction in feeding frequency
causes beetles to go into estivation until the
temperature drops in autumn (Hwang and
Shiao 2011). Thus, such species may be pres-
ent in different ecosystems at different times
based on the stenothermic characteristics of
the species (Hwang 2006). Under the effects
of climate warming, the rapid decomposition
of carcass resources will lead to more-intense
competition, thereby affecting the status of
some stenothermal species. According to
the regional climate model, a species should
migrate to regions at a higher latitude with a
similar native climate when global warming
occurs (Parry and Carter 1989). The migra-
tion or disappearance of stenothermal species
will, however, likely alter the species diver-
sity within affected communities.

To select an indicator species for long-
term monitoring, we compared species com-
positions of necrophilous beetles in carcass
microhabitats of meadow and forest ecosys-
tems. The aim of our study was to evaluate
the impact of long-term climate changes
on the species composition and community
structure of necrophilous beetles.

MATERIALS AND METHODS

We performed our study in the Hapen
Nature Preserve of northern Taiwan (24°45°N,
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121°34°E). The study area is subtropical, with
an elevation of 600~800 m. To collect necro-
philous beetles, 2-km transect lines were set
up in forest and meadow areas near the Hapen
River. Along each transect line, 8 sampling
plots were selected at 200-m intervals. One
baited pitfall trap and 1 non-baited pitfall
trap were buried in each sampling plot. The 2
traps were separated by at least 5 m.

Pitfall traps were constructed by bury-
ing a 20-cm length of PVC pipe (15 cm in
diameter) vertically in the ground with 1 end
of the pipe flush with the surface. A 500-ml
plastic cup was placed at the bottom of the
pipe to collect trapped animals. Small holes
in the bottom of the plastic cup allowed mois-
ture to drain away. A tight-fitting funnel was
placed inside the upper region of the plastic
cup to prevent the escape of the trapped ani-
mals. A 3600-cm’ section of fine-gauge metal
mesh was placed on the ground over the trap
entrance to prevent the capture of subterres-
trial animals, and a 16 X 16-cm opening was
cut in the mesh to expose the trap entrance.
The mesh was fixed to the ground with pegs.
A 20X 20X 10-cm metal cage with a mesh
size of 4 cm” was placed directly over the trap
entrance to prevent vertebrates from access-
ing the trap. The cage was fixed to the ground
mesh with nylon cable ties. The top of the
cage was covered with a 20 X 20-cm transpar-
ent acrylic plate to protect the trap and the
cage from rain. An 8.5-cm plastic Petri dish
was suspended inside the cage to support the
bait. A fresh carcass (approximately 20 g) of a
4- to 5-wk-old mouse was placed in the Petri
dish as bait. No Petri dish was placed in non-
baited traps.

The first survey was performed in 2001,
from February 2001 to January 2002. Traps
were baited twice each month. During the 4-d
period following baiting, beetles were collect-
ed from both non-baited and baited traps. The
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methods used for the 2006 (February 2006 to
January 2007) and 2007 (February 2007 to
January 2008) survey periods were equiva-
lent to those used in 2001, except that baiting
and collection were performed once monthly.
However, meadow areas were not surveyed
during the 2007 period. To analyze changes
in species compositions, data from 2006 and
2007 were compared to data from the first
4-day collection period for each month in
2001.

All captured, non-target species were im-
mediately released on the sampling plot. Cap-
tured beetles were immersed in 75% ethanol,
and species were identified. Specimens that
could not be keyed to a single species were
marked as a morphological species. To detect
differences in attraction to the bait, we com-
pared numbers of each species that were col-
lected in baited traps each month with those
collected in non-baited traps.

Species richness and individual numbers
were compared using the Shannon-Wiener
Diversity Index (H”):

H’=-X p; log. p;
where p; is the proportion of individuals of
species i in a community.

To compare the beetle species similarity
among different habitats during the same pe-
riod and during different periods within a sin-
gle habitat, we used the Wainstein Similarity
Index (K,). When the species compositions
of the 2 communities in the spatial or the
temporal habitats are completely consistent,
the value of K, is 100, and when the 2 com-
munities completely differ, the value of K, is
0, according to the following equations:
K,=R.xJ;
where R, is Renkonen’s coefficient and J is
Jaccard’s coefficient.

R. (%) =X min (py, p,) and
J=¢cx100/(S,+S,—-c);
where p;, is the proportion of individuals of

species 1 in the first community; p;, is the pro-
portion of individuals of species i in the sec-
ond community; S, is the species richness in
the first community; S, is the species richness
in the second community; and ¢ is the number
of species present in both communities.

The dependency data from 12 mo were
analyzed using the Wilcoxon signed-ranks
test (WSRT) or Friedman-test to compare spe-
cies richness, individual numbers, and H’ of
the beetle communities, the attractive effect
of the baiting technique for species richness,
and annual individual numbers of each spe-
cies for each habitat (p < 0.05). All analyses
were conducted using SPSS vers. 20 (SPSS,
Chicago, IL, USA).

Three HOBO Pro RH Temp data loggers
(MicroDAQ.com, Contoocook, NH, USA)
were equidistantly placed along each transect
approximately 5 cm from each trap in the dif-
ferent habitats. The ambient temperature and
relative humidity were recorded at 30-min
intervals. The temperature accuracy and range
were 0.2 and -30~50°C, respectively.

RESULTS

During the 2001 survey period, 8022
beetles of 254 species in 30 families were col-
lected in the traps. The K,, value between the
forest and meadow habitats was 3.95%, with
63 species found in both habitats. The species
richness, individual number, and diversity of
all collected beetles were significantly higher
in the forest habitat than in the meadow habi-
tat (WSRT: species richness, p < 0.01; indi-
vidual number and diversity, p < 0.05, n = 12)

(Fig. 1).

Bait effect

The species richness of beetles was sig-
nificant higher in baited traps than in non-
baited traps in the meadow area (WSRT: p <
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Fig. 1. Shannon-Wiener Diversity Index (H’) of all collected beetles in a meadow habitat
and forest habitat during 2001 in the Hapen Nature Preserve.

0.01, n = 12) and in the forest area (WSRT: p
<0.01, n=12) (Fig. 2a). The individual num-
ber of beetles was significant higher in baited
traps than in non-baited traps in the meadow
area (WSRT: p <0.01, n = 12) and in the for-
est area (WSRT: p < 0.01, n = 12) (Fig. 2b).
The K,, between non-baited and baited traps
was 4.11% during 2001.

Selection of monitored species

The majority of the trapped beetles
were from the Carabidae (11.3%), Histeridae
(1.7%), Hydrophilidae (11.3%), Leiodidae
(12.5%), Scarabacidae (9.6%), Silphidae
(2.1%), Staphylinidae (45.8%), and Trogidae
(2.1%) families. These 8 families represented
96.4% of the trapped beetles. Results of the
WSRT analysis showed that almost all spe-
cies of these 8 families were significantly
attracted to carcass-baited traps. Two species
of the Carabidae family were significantly
attracted to baited traps (WSRT: p < 0.05,
n = 12), Pheropsophus javanus, a meadow
species, and Pheropsophus beckeri, a forest
species. The remaining species of the Carabi-

dae that were collected were not significantly
attracted to baited traps (WSRT: p > 0.05, n
= 12). Because only 1 species of the Cara-
bidae was collected in both types of habitat,
carabids were not considered for monitored
species. From the remaining 7 beetle families,
we selected 42 species that were significantly
attracted to baited traps (WSRT: p < 0.05,
n = 12) as indicator species of environmen-
tal changes. We chose the 2 most prevalent
species of the Hydrophilidae, Cercyon sp.
(87.9%) and Magasternum sp. (10.2%), as
indicator species because individual numbers
of the other 5 species were statistically low.
Similarly, Margarinotus multidens (92.9%)
and Mar. formosanus (5.0%) of the Histeridae
were selected. All 6 species of the Leiodidae
were selected. Of the trapped Scarabaeidae
members, 766 individuals of 20 species were
dung beetles that were significantly attracted
to carcass bait (WSRT: p < 0.05, n = 12). All
dung beetle species of the Scarabacidae were
identified. Excluding herbivorous scarab spe-
cies, 20 dung beetle species were selected.
All 3 species of the Silphidae were selected
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Fig. 2. Species richness (a) and individual number (b) of beetles collected using non-baited
and baited pitfall traps from February 2001 to January 2002 in a meadow habitat and

forest habitat in the Hapen Nature Preserve.

because they were significantly attracted to
baited traps (WSRT: p < 0.05, n = 12). In
total, 107 species of the Staphylinidae were
collected. However, because of identification
difficulties and statistically low individual
numbers for many of the species, statistically
significant results of the analysis to assess bait
attraction were obtained for only 6 staphylinid
species (WSRT: p < 0.05, n = 12). Thus, 4Ano-
tylus sp. 6 (25.8%), Aleochara nigra (21.3%),
Philonthus longicornis (11.7%), Oxytelus
sp. 3 (11.5%), Philonthus sp. 1 (5.8%), and
Anotylus sp. 3 (3.1%) were selected as indica-

tor species. All species of the Trogidae were
selected.

Changes in diversity in the meadow habitat

We used 42 necrophilous beetle species
in 7 families as indicator species to compare
species compositions between the 2001 and
2006~2007 survey periods. In the meadow
habitat, 11 species were collected in 2006 that
had previously been collected in 2001 only
in the forest habitat. Although the numbers of
8 species increased in the meadow in 2006,
the total number of beetles of all species col-



Taiwan J For Sci 28(2): 83-96, 2013

lected was 63.7% lower in 2006 than in 2001
(Fig. 3). A comparison of individual numbers
in the meadow habitat in 2001 with those in
2006 showed that individual numbers in the 2
yr did not significantly differ (WSRT: p = 0.29,
n=12).
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Diversity indices of necrophilous beetle
communities were significantly higher in
2006 than in 2001 (WSRT: p < 0.01, n = 12)
(Fig. 4). The results indicate that the attractive
effects of baiting were lower in 2006 than in
2001. The K,, value of comparisons of beetles

2001 2006 2007
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Fig. 3. Individual numbers of 42 monitored necrophilous beetle species in a meadow habitat

in 2001 and 2006 and in a forest habitat in
Preserve.

2001, 2006, and 2007 in the Hapen Nature

2.5 — 2001 Meadow
2006 Meadow

2.0

1.5

H’

1.0

0.5

0.0

2 3 4 5 6 7 8 9 10 11 12 1
Month of the year

Fig. 4. Shannon-Wiener diversity index (H’

) of 42 monitored necrophilous beetle species

collected in baited pitfall traps in a meadow habitat in 2001 and 2006 in the Hapen Nature

Preserve.
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collected in the meadow in 2001 and 2006
was 14.7%.

Changes in diversity in the forest habitat

A comparison of the species composi-
tion of beetles from baited traps in the forest
habitat in 2001 with those in 2006 and 2007
showed that species richness and the number
of individuals progressively decreased, with
the number of individuals decreasing by 10%
in 2006 and 14% in 2007 (Fig. 3), despite
fluctuations in the diversity indices (Fried-
man-test: p < 0.05, n = 12) (Fig. 5). Com-
parisons of individual numbers in the forest
habitat in 2001, 2006, and 2007 showed that
individual numbers in the 3 yr did not signifi-
cantly differ (Friedman-test: p = 0.86, n = 12).
The species composition in the forest habitat
also shifted over time. The K, value of com-
parisons of beetle species collected in 2001
and 2006 was 49%. Further analysis yielded
K,, values of 44.9 and 61.7% for comparisons
of data for 2001 and 2007 and for 2006 and
2007, respectively, indicating that similar-
ity in species composition had declined over
time.

3.0
2.5
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H 1.5

0.5

0.0
2 3 4 5 6

Changes in the annual average temperature
We recorded temperatures during the
2001, 2006, and 2007 survey periods to com-
pare differences in monthly average tempera-
tures between 2001 and 2006~2007. Data
from the 2006 and 2007 survey periods were
combined, and data for the months of Novem-
ber 2006 and 2007 were eliminated from the
analysis because data from November 2006
were lost as the result of a typhoon. Com-
parison of the monthly average temperatures
in 2001 indicated a warm winter and early
spring phenomena in 2006~2007 (WSRT: p <
0.05, n = 5 from December to April). Annual
average temperatures in 2001 and 2006~2007
were 18.2 and 18.6°C, respectively (Fig. 6).

DISCUSSION

Distributions of many terrestrial organ-
isms are currently shifting in latitude or eleva-
tion in response to climate changes (Konvicka
et al. 2003, Chen et al. 2011), and the range of
shift of each species is dependent on multiple
intrinsic species traits and extrinsic drivers
of change (Chen et al. 2011). We suggest that

—— 2001 Forest
——= 2006 Forest
2007 Forest

7 8 9 10 11 12 1

Month of the year

Fig. 5. Shannon-Wiener diversity index (H’) of 42 monitored necrophilous beetle species
collected in baited pitfall traps in a forest habitat in 2001, 2006, and 2007 in the Hapen

Nature Preserve.
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Fig. 6. Monthly average temperatures from February 2001 to January 2002 (2001) and
February 2006 to January 2008 (2006-2007). Data for November 2006 and 2007 were not
included because the data for November 2006 were lost as the result of a typhoon that

corrupted the thermometers during that period.

external drivers affect the diversity of a com-
munity. The carcass decomposition rate is in-
fluenced by the ambient temperature (Swift et
al. 1979). Thus, detritivores that use carcasses
as their microhabitat are suitable indicators
for assessing impacts of global warming on
biodiversity. We selected the Hapen Nature
Preserve in subtropical Taiwan as a research
site because it was previously shown to have
a high diversity and species richness of necro-
philous beetles (Hwang 2006).

To clarify the preference of beetle spe-
cies for carcasses, we compared the capture
rate in baited traps with that of non-baited
traps. The combination of a pitfall trap and
certain attractants, such as lighting (Heap
1988) and various types of bait, was shown
to be effective for collecting both a greater
number of different species and greater num-
bers of individuals. Thus, we used carcass
bait to attract a large number of necrophilous
beetles. Comparisons of the beetle species
composition between non-baited and baited
traps showed different dominance structures

(K, 4.11%). The number of individuals and
number of species in our baited traps were
higher than those in non-baited traps. The
capture of beetles in non-baited traps may be
considered to be a result of random move-
ment. With regard to the feasibility of study-
ing global warming, the use of baited pitfall
traps enables investigators to focus more on
changes in ambient temperatures, compared
to the fewer numbers of individuals and spe-
cies randomly captured in non-baited pitfall
traps.

We selected the most prevalent species of
the 7 remaining families of the necrophilous
beetles that were collected in our study as in-
dicator species for our analysis, all of which
are known to occur in carcass microhabitats.
Beetles of the genus Margarinotus in the
family Histeridae feed on dipteran eggs and
larvae that also inhabit the carcass (Kovarik
and Caterino 2000). Terrestrial beetles of
hydrophilid species were observed in mud,
feces, carcasses, and decomposing leaf litter
(Sowig and Wassmer 1994). Adults of the
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Leiodidae feed on mushrooms, rotting fruit,
or corpse microorganisms (Chandler and Peck
1992). Dung beetles of the Scarabaeidae feed
on both feces and carcasses (Hanski 1983,
Boonrotpong et al. 2004). The 3 most com-
mon carrion beetles in Taiwan are necropha-
gous (Chen 2008, Hwang and Shiao 2008, Su
2010). Demonstrating relatively greater tem-
perature sensitivity, Nicrophorus nepalensis
is known to exhibit estivation and hibernation
behaviors (Hwang and Shiao 2011). Of the
Staphylinidae, only the Aleochara, Anotylus,
Oxytelus, and Philonthus genera are known
to be necrophilous. However, species of the
Staphylinidae were the most prevalent in our
study. Adults of the genus Aleochara feed
on carrion, and the larvae feed on pupae of
dipterans (Kemner 1926, Peschke and Fuld-
ner 1977, Klimaszewski 1984). Beetles of
the genus Oxytelus were observed to feed on
feces and carrion (Hanski 1987). Anotylus
acts as predator on carcasses, feeding on fly
pupae (Omar et al. 1991), and Philonthus
feeds on fly eggs and maggots (Hu and Frank
1997). Of the Trogidae, adults and larvae
often emerge during the late stage of decom-
position, feeding on feathers, fur, and skin
(Gennard 2007). Each group of necrophilous
beetles has special ecological functions in the
carcass microhabitat. Thus, we selected 42
species of 7 families as indicator species for
environmental monitoring.

Carcass feeding is also influenced by the
decomposition rate. When the temperature is
lower, the development of fly maggots feed-
ing on a carcass is slower (Nishida 1984).
Among abiotic factors, temperature likely
has the greatest impact on the decomposition
rate (Swift et al. 1979) with higher rates of
decomposition associated with shorter feed-
ing periods. This also results in a shorter pe-
riod during which necrophilous animals can
locate a carcass. Consequently, the numbers

of species and individuals that are able to use
carcass resources are also reduced. This may
lead to competitive exclusion between spe-
cies using the same resources (MacArthur
and Levins 1964, Levins 1968). Therefore,
changes in ambient temperature indirectly
affect the species composition of the com-
munity of necrophilous animals in carcass
microhabitats. To observe ambient tempera-
ture changes during the 2001 and 2006~2007
survey periods, the average monthly and
annual temperature were determined. We
found that the monthly average temperatures
during the spring and winter months and the
average annual temperature were higher dur-
ing the 2006~2007 period. These data imply
that the availability of carrion resources was
reduced during these periods, and that com-
petition among necrophilous beetle species
increased. Consequently, populations of weak
competitors may have decreased. Each spe-
cies has unique adaptations to temperature.
Thus, if the average ambient temperature of
an ecosystem increases, a cool stenothermic
species may migrate to higher latitudes that
are similar to the species’ native climate (Parry
and Carter 1989). For example, the behavior
activity of Nicrophorus nepalensis decreases
when the ambient temperature exceeds 26°C
(Hwang and Shiao 2011). The peak activity
periods of N. nepalensis in our study were
during March and October in 2001 in Hapen
Nature Preserve. However, the peak activ-
ity period in autumn shifted to November in
2006. The 1-mo delay in the activity period
during the fall may have significant impacts
on subsequent hibernation and breeding pe-
riods. In 2007, the major activity period of
N. nepalensis shifted to April, and numbers
of beetles collected in February, March, and
May were much lower than those observed
in 2001. This may indicate that the activity
period was shortened as a result of increasing
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temperatures at the beginning of the year and
during the summer, while the life history of V.
nepalensis did not significantly chang.
Different beetle species display different
habitat preferences (Hwang 2006). In addition
to the effects of temperature on insect activ-
ity (Kaspari et al. 2000, Haysom et al. 2004),
environmental illumination also affects the
activity of ground-dwelling beetle species
(Antvogel and Bonn 2001). The species rich-
ness and number of individuals of consumers
in habitats are indirectly influenced by the
affects of illumination on the species richness
of the vegetation (Scherber et al. 2010) and
the heterogeneity of the habitat (Butterfield et
al. 1995). Higher heterogeneity and a greater
abundance of resources in a habitat result in
the survival of a greater number of species
(Ricklefs and Lovette 1999). In our study, all
vegetation species were dwarf herbaceous in
the meadow habitat which received intense,
direct sunlight. However, the species richness
and heterogeneity of vegetation were higher
in the forest habitat than in the meadow
habitat. The diversity of trapped beetles was
lower in the meadow habitat than in the forest
habitat. Thus, differences in species richness
and heterogeneity of vegetation between the
habitats may have affected the diversity of
heterotrophic animals in general. The climatic
warming observed in 2006~2007 resulted
in different degrees of impact on the necro-
philous beetle communities in the 2 habitats.
The structure of the community shifted more
dramatically in the meadow habitat than in the
forest habitat. In 5 yr, there was a decrease of
63.7% in the number of beetles in the mead-
ow habitat, whereas only a 10% reduction
was observed in the forest habitat. The com-
munity similarity of beetles in the meadow
habitat between in 2001 and 2006 was only
14%, while 50% similarity was maintained
in the forest habitat. The biomass of vegeta-
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tion and the vertical space are smaller in the
meadow habitat than in the forest. With a low
heat capacity coefficient, the thermal buffer
effect will be weaker in the meadow environ-
ment than in the forest. Greater exposure to
high-intensity sunlight and a larger tempera-
ture difference between day and night occur
in the meadow habitat, compared to the forest
habitat. Thus, impacts of the climate warm-
ing should be greater in the meadow habitat
than in the forest. The thermal buffer effect
could explain different degrees of impact on
necrophilous beetle communities between the
2 habitats.

While it is reasonable to assume that a
warmer climate will accelerate carcass de-
composition, the actual rate will also be af-
fected by the carcass size, exposure to water
and sunlight, microbial activity, and the feed-
ing of scavengers (Chaloner et al. 2002, Feno-
glio et al. 2010). During our 6-yr monitoring
period in the subtropical Hapen Nature Pre-
serve, changes in the species composition of
thermally sensitive necrophilous beetles pro-
duced significant changes in both the meadow
and forest habitats. Necrophilous beetles are
important decomposers, and changes in their
species composition likely affect nutrient cy-
cling in an ecosystem. Thus, our study may
provide indirect evidence of the impact of cli-
mate warming on nutrient cycling. Moreover,
monitoring longer-term trends of variations
in the species composition of necrophilous
beetles is needed.
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