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Application of Necrophilous Beetles to Long-term Monitoring
of a Forest Ecosystem Associated with Climatic Change
Wenbe Hwang,1)

Chao-Nien Koh 2,3)

【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%. Differences 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 richness 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 longterm 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 beetle 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.
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研究報告

氣候變遷下親屍性甲蟲在森林生態系統長期監測的應用
黃文伯1) 葛兆年2,3)
摘

要

以親屍性甲蟲長期監測北台灣哈盆自然保留區之生物多樣性，並評估6年間林地與草地之親屍性
甲蟲在物種組成上的變化。林地親屍性甲蟲之種豐富度、個體數及多樣性皆顯著高於草地，且兩地群
聚組成之相似度僅3.95 % ，其差異可能與兩地植被種豐富度及歧異度不同有關。誘餌掉落式陷阱相較
於無誘餌掉落式陷阱捕獲較多的甲蟲物種數及個體數，且兩種陷阱中，捕獲量大的物種並不相同，我
們建議採用誘餌掉落式陷阱調查研究全球暖化對親屍性甲蟲群聚組成之影響。本研究在受屍體誘餌吸
引的甲蟲中選定7科42種甲蟲做為長期監測物種。2006年草地監測之甲蟲多樣性較2001年顯著提高，
且兩年群聚相似度僅14.7 % 。林地的多樣性在2001、2006與2007年間有顯著的差異，惟監測甲蟲個體
數在3年間無顯著差異，而後兩年與2001年的群聚相似度分別為49.0及44.9 % 。氣溫的改變可能是不同
年間親屍性甲蟲群聚產生變動的原因之一，草地群聚變動較大似乎受氣溫變化影響較大。
關鍵詞：親屍性甲蟲、誘餌效果、生物多樣性、群聚結構、長期監測。
黃文伯、葛兆年。2013。氣候變遷下親屍性甲蟲在森林生態系統長期監測的應用。台灣林業科學
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 associated with the soil matrix and climatic
conditions, and the effects of changes in ambient temperature are particularly significant
(Sparks et al. 1995, Sota 1996, Blanckenhorn
1997, Tatar et al. 1997). Among biotic factors,
competitors and available resources are considered 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 Cambefort 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 activity, 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 comprising 78~90% of animals on the carcass
(Payne 1965, Johnson 1975). The presence of
insects accelerates the decomposition of carcasses (Payne 1965, Putman 1978). The rate
of development of Diptera larvae increases at
higher temperatures (Nishida 1984), indirectly affecting the length of time during which
carcass resources are available. Changes in
climatic conditions cause variability in the
environment, and this affects resource availability 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, Martin-Piera and Lobo 1993).
Baited trapping of insects can reflect the
biodiversity in different ecosystems under
different seasonal climatic conditions. Competition 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 decrease, 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 present 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 migration or disappearance of stenothermal species
will, however, likely alter the species diversity within affected communities.
To select an indicator species for longterm monitoring, we compared species compositions of necrophilous beetles in carcass
microhabitats of meadow and forest ecosystems. 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 necrophilous 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 burying 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 moisture to drain away. A tight-fitting funnel was
placed inside the upper region of the plastic
cup to prevent the escape of the trapped animals. A 3600-cm2 section of fine-gauge metal
mesh was placed on the ground over the trap
entrance to prevent the capture of subterrestrial animals, and a 16×16-cm opening was
cut in the mesh to expose the trap entrance.
The mesh was fixed to the ground with pegs.
A 20×20×10-cm metal cage with a mesh
size of 4 cm2 was placed directly over the trap
entrance to prevent vertebrates from accessing the trap. The cage was fixed to the ground
mesh with nylon cable ties. The top of the
cage was covered with a 20×20-cm transparent 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 nonbaited 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 collected 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 equivalent 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 immediately released on the sampling plot. Captured 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 compared numbers of each species that were collected 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’ = –Σ pi loge pi;
where pi is the proportion of individuals of
species i in a community.
To compare the beetle species similarity
among different habitats during the same period and during different periods within a single habitat, we used the Wainstein Similarity
Index (Kw). When the species compositions
of the 2 communities in the spatial or the
temporal habitats are completely consistent,
the value of Kw is 100, and when the 2 communities completely differ, the value of Kw is
0, according to the following equations:
Kw = Re x J;
where Re is Renkonen’s coefficient and J is
Jaccard’s coefficient.
Re (%) = Σ min (pi1, pi2) and
J = c x 100 / (S1 + S2 – c);
where pi1 is the proportion of individuals of

species i in the first community; pi2 is the proportion of individuals of species i in the second community; S1 is the species richness in
the first community; S2 is the species richness
in the second community; and c 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 species 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 species 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 different habitats. The ambient temperature and
relative humidity were recorded at 30-min
intervals. The temperature accuracy and range
were±0.2 and -30~50℃, respectively.

RESULTS
During the 2001 survey period, 8022
beetles of 254 species in 30 families were collected in the traps. The Kw 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 habitat (WSRT: species richness, p < 0.01; individual number and diversity, p < 0.05, n = 12)
(Fig. 1).
Bait effect
The species richness of beetles was significant higher in baited traps than in nonbaited 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 number 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 forest area (WSRT: p < 0.01, n = 12) (Fig. 2b).
The Kw 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%), Scarabaeidae (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 species 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 Carabidae 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 environmental 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 Scarabaeidae were
identified. Excluding herbivorous scarab species, 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, Anotylus 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 Kw value of comparisons of beetles

Fig. 3. Individual numbers of 42 monitored necrophilous beetle species in a meadow habitat
in 2001 and 2006 and in a forest habitat in 2001, 2006, and 2007 in the Hapen Nature
Preserve.

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 composition 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 (Friedman-test: p < 0.05, n = 12) (Fig. 5). Comparisons of individual numbers in the forest
habitat in 2001, 2006, and 2007 showed that
individual numbers in the 3 yr did not significantly differ (Friedman-test: p = 0.86, n = 12).
The species composition in the forest habitat
also shifted over time. The Kw value of comparisons of beetle species collected in 2001
and 2006 was 49%. Further analysis yielded
Kw values of 44.9 and 61.7% for comparisons
of data for 2001 and 2007 and for 2006 and
2007, respectively, indicating that similarity in species composition had declined over
time.

Changes in the annual average temperature
We recorded temperatures during the
2001, 2006, and 2007 survey periods to compare differences in monthly average temperatures between 2001 and 2006~2007. Data
from the 2006 and 2007 survey periods were
combined, and data for the months of November 2006 and 2007 were eliminated from the
analysis because data from November 2006
were lost as the result of a typhoon. Comparison 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℃, respectively (Fig. 6).

DISCUSSION
Distributions of many terrestrial organisms are currently shifting in latitude or elevation 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

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 community. The carcass decomposition rate is influenced 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 necrophilous beetles (Hwang 2006).
To clarify the preference of beetle species 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 numbers 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

(Kw, 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 movement. With regard to the feasibility of studying 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 species 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 indicator 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 common carrion beetles in Taiwan are necrophagous (Chen 2008, Hwang and Shiao 2008, Su
2010). Demonstrating relatively greater temperature 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 Fuldner 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 decomposition, 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 feeding 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 feeding periods. This also results in a shorter period 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 species using the same resources (MacArthur
and Levins 1964, Levins 1968). Therefore,
changes in ambient temperature indirectly
affect the species composition of the community of necrophilous animals in carcass
microhabitats. To observe ambient temperature 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 during the 2006~2007 period. These data imply
that the availability of carrion resources was
reduced during these periods, and that competition among necrophilous beetle species
increased. Consequently, populations of weak
competitors may have decreased. Each species 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℃
(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 activity 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 periods. 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 N.
nepalensis did not significantly chang.
Different beetle species display different
habitat preferences (Hwang 2006). In addition
to the effects of temperature on insect activity (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 richness 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 necrophilous 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 meadow habitat, whereas only a 10% reduction
was observed in the forest habitat. The community 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-

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 environment than in the forest. Greater exposure to
high-intensity sunlight and a larger temperature difference between day and night occur
in the meadow habitat, compared to the forest
habitat. Thus, impacts of the climate warming 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 decomposition, the actual rate will also be affected by the carcass size, exposure to water
and sunlight, microbial activity, and the feeding of scavengers (Chaloner et al. 2002, Fenoglio et al. 2010). During our 6-yr monitoring
period in the subtropical Hapen Nature Preserve, changes in the species composition of
thermally sensitive necrophilous beetles produced significant changes in both the meadow
and forest habitats. Necrophilous beetles are
important decomposers, and changes in their
species composition likely affect nutrient cycling in an ecosystem. Thus, our study may
provide indirect evidence of the impact of climate warming on nutrient cycling. Moreover,
monitoring longer-term trends of variations
in the species composition of necrophilous
beetles is needed.
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