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Habitat associations and seasonal activity of carabid beetles
(Coleoptera: Carabidae) in Dongling Mountain, North China

Xiao-Dong Yu, Tian-Hong Luo & Hong-Zhang Zhou*

1. Introduction

Yu, X.-D., Luo, T.-H. & Zhou, H.-Z. 2006: Habitat associations and seasonal ac-
tivity of carabid beetles (Coleoptera: Carabidae) in Dongling Mountain, North
China. — Entomol. Fennica 17: 174-183.

Habitat distribution and seasonal occurrence of carabid beetles were determined
using pitfall traps in 1999 and 2000 in the temperate forest zone of the Dongling
Mountain, North China. Eight sites differing in vegetation and moisture were se-
lected so as to represent four habitat types. Carabid assemblages of the six for-
ested habitats (lowland, upland and coppice) were more similar to each other than
to the two shrub assemblages. Lowland forest had the highest species richness,
and coppice forest had the highest diversity (H’) and equitability (J). Of the 41
species caught, the 18 most abundant species were divided into four distribution
types: habitat generalists, forest generalists, forest specialists, and shrub (or cop-
pice) specialists. Mean catches of all beetles showed clear peaks from May to Au-
gust in nearly all habitats. The catches of the six most abundant species were
more or less positively correlated during the two study years, suggesting their
similar habitat preferences.
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1992, Niemeld & Halme 1992). Previous studies
have suggested that the distributions of carabids

The heterogeneous distribution of resources and
abiotic conditions affect the spatial and temporal
occurrence of carabid beetles (Wiens 1976,
Niemeld & Halme 1992, Niemeld et al. 1992).
Associated with several scales of environmental
heterogeneity, species responses may be deter-
mined by different factors at the various levels of
environmental heterogeneity (Addicott er al
1987). Carabid beetles show a non-random spa-
tial distribution both within and between habitats
(Lindroth 1961-1969, Thiele 1977, Wiens 1989,
Epstein & Kulman 1990, Niemeld et al. 1988,

are generally structured with respect to micro-
habitat patches within forests and even within the
movement range of individual beetles (Wallin &
Ekbom 1988, Epstein & Kulman 1990, Niemeld
et al. 1988, 1992, Niemeld & Halme 1992, Nie-
meld & Spence 1994).

There exist many quantitative studies on the
distribution of carabid beetles in various habitats
in Europe and North America, and associations of
particular species with broad habitat categories,
such as “forests” or “fields”, have been estab-
lished generally for carabids in the context of tax-
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onomic and faunistic work (Lindroth 1961-1969,
Thiele 1977, Esau & Peters 1975, Liebherr &
Marhar 1979, Epstein & Kulman 1990, Niemela
& Halme 1992, Niemeld ef al. 1992). However,
for Chinese carabid species quantitative studies
of the whole assemblages are scarce, except for a
few studies on the ecology of agricultural envi-
ronments or taxonomy (Yu et al. 1980, Huang
1990, Hu et al. 1998). Studies of assemblages of
forest carabids are particularly rare, although
some excellent studies on habitat distribution and
molecular evolution, using particular species or
groups of congeners, do exist (Kim et al. 2000,
Yuetal 2001,2002,2004, Suet al. 2003,2004).

The excessive land use during recent decades
has resulted in a drastic decrease in the total forest
cover and an increasingly skewed size distribu-
tion of forest remnants. This fragmentation pro-
cess accounts for much of the loss of biodiversity
and rates of species extinction all over the world
(Didham et al. 1996). The temperate forest zone,
a large phytogeographical zone in China, has his-
torically been one of the most extensive forests
within China. However, at present that area is
heavily impacted by humans.

Compared with studies done at the same lati-
tudes world-wide, North Chinese studies on the
assemblages of carabid beetles in the temperate
deciduous broad-leaved forests are rare, and
some of the species may have become extinct be-
fore the rise of concern. The purpose of the pres-
ent study was to gain basic ecological knowledge
on factors affecting carabid beetle abundances.
We examined the spatial and temporal distribu-
tion of carabids in temperate forests of North
China, and described the species composition of
carabid assemblages over multiple habitat types.

2. Material and methods
2.1. Study site

This study was conducted at the Dongling Moun-
tain (40°00° N, 115°26° E), which is a part of the
Taihang Mountain Ranges near Beijing, North
China. The study area is associated with moun-
tain brown soil and temperate monsoon climate
with average annual temperature being +4.8° C
(January —10.1° C, July +18.3° C). The annual
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precipitation amounts to 611.9 mm, 78% of the
annual rainfall occurring between June and Au-
gust (Chen & Huang 1997).

Eight sites were sampled, each representing
vegetation types commonly found in the area.
Five sites were located at Beijing Forestry Eco-
system Research Station (BFERS, ca. 114 km
west of Beijing), at 800—1,600 m a.s.l. At that
area, oak forests (Quercus liaotungensis) repre-
sent the most extensive forest type, a native up-
land forest association. In some lowland and val-
ley sites, walnut forests (Juglans mandshurica)
and mixed broad-leaved forests represent the typ-
ical native forests, the latter being mostly domi-
nated by Acer mono, Betula dahurica, Juglans
mandshurica, Fraxinus rhynchophylla, Populus
davidiana, Quercus liaotungensis, Sorbus pau-
huashanensis, Tilia mongolica, T. mandshurica,
etc. In addition, in some areas where the native
forests have been logged 30—40 years ago, non-
native coniferous plantations of larch (Larix
principis-rupprechtii) and pine (Pinus tabulae-
formis) dominate. At the time of the study, all of
the five forest patches within the BFERS area had
a closed canopy with tree height of 8—15 m (up to
20 m). The three other sites were located at
Liyuanling, ca. 10 km SE from BFERS, at 800—
1,100 m a.s.l. Here, much of'the native vegetation
is oak forest that has been clear-cut for farmland
use at least 50—-60 years ago. However, during the
1990s, farming activities at the study area were
aborted and the forest vegetation was restored;
the former clear-cuts sprouted again and devel-
oped to oak coppice stands that can be regarded as
young forests (coppice forests). The upland and
valley areas at the Liyuanling area, on the other
hand, are dominated by vitex shrubs (Vitex
negundo var. heterophylla) and almond shrubs
(Prunus armenica var. ansu). All of the coppice
and shrub sites to study had a closed canopy, with
the average tree height being 2-3 m (up to 5 m).

Corresponding to variation in vegetation and
soil moisture, eight plots were established in the
core of each of the eight sites representing four
habitat types: three upland forests (oak forest,
larch plantation and pine plantation), two low-
land forests (walnut forest and mixed broad-
leaved forest), one oak coppice forest, and two
shrublands (dominated by vitex and almond
shrubs). Each of the studied forests or shrublands
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was over 4 ha, and the distance between adjacent
sites was 1-2 km. The characteristics of each site
are shown in Table 1.

2.2. Sampling

Carabid beetles were captured using pitfall traps.
Although pitfall traps are biased to active forms
and are therefore not a direct measure of absolute
population density, this method is useful in moni-
toring and assessing local population changes
(Baars 1979, Spence & Niemeld 1994). Traps
were plastic beverage cups (400 ml, depth 9 cm,
mouth diameter 7.5 cm) filled with ca. 100 ml of
trapping fluid (vinegar : sugar : alcohol : water —
10ml:5g:5ml:20ml) (Yuetal 2004). A small
hole (diameter ca. 0.2 cm) was drilled on each
trap ca. 2.5 cm below the mouth to allow rain wa-
ter to flow out. Because of that, some small
carabids (such as Bembidion and Trechus) may
have been lost from the samples. The collected
specimens were preserved in 70% alcohol for
identification.

Sampling was conducted from April to Octo-
ber (covering the growing season) in 1999. Pitfall
traps were placed on two transects that were ran-
domly arranged within each plot; however, the
distance between adjacent transects was at least
100 m. Each transect had 55 traps placed 2 m
apart. The traps were serviced for every 3 days
each month. We continued sampling using the
same design in 2000 during May, July and Sep-
tember.

2.3. Data analysis

The activity density of carabids in different plots
(habitats) was visually examined using the aver-
age number (standardized catches to 100 trap-
days) of beetles captured per plot * trapping day.
Species diversity was calculated with Shan-
non-Wiener information index (Pielou 1975):

H'=-> PP,

i=l1
where P, is the proportion of the sample repre-
sented by i" species (i = 1-S). Equitability was
represented by J=H’/H__ (Pielou 1975). Species
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richness (S) was the number of species for sam-
ples with one or more individuals (Pielou 1975).

After logarithmic transformation, Detrended
Correspondence Analysis (DCA) was applied to
compare the community structure among differ-
ent sites (Pielou 1984) using the PAST package
(Hammer et al. 2001). Associations between
abundant species were analyzed with non-para-
metric Spearman correlation (Sokal & Rohlf
1981) using SPSS (1997).

3. Results
3.1. Species richness and diversity

Forty-one species in 14 genera of carabids were
collected (Table 2). Four species, each account-
ing for >10% of the total catch, were considered
dominant: Carabus manifestus, Carabus crasse-
culptus, Pterostichus acutidens and Pterostichus
subovatus. These species altogether accounted
for 62% of the total catch. Two other species, viz.
Pristosia sp.1 and Reflexiphodrus refleximargo,
accounted for 8% and 7% of total specimens, re-
spectively. All the other species collected repre-
sented <5% of the total catch.

In both years, the lowland forest hosted more
species than did the other habitat types, whereas
the shrubland sites had fewer species than the
other habitat types. Moreover, diversity was
highest in the coppice forests and lowest in the
shrub sites. The catches varied species specifi-
cally among the studied habitat types and be-
tween the two years. However, in terms of
carabid species abundances, the catches for both
years were more even in coppice forests than in
the other habitat types (Table 3).

3.2. Carabid community similarities among
the studied habitats

The DCA indicated strong clusterings of habitat
types over the two years (Fig. 1). Based on the oc-
currence and abundance of carabid assemblages,
two shrub sites had similar carabid assemblages
within each year; on the other hand, the other six
(all forested) sites including five mature forests
and 1 coppice forest formed another cluster of
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Table 2. Ecological distribution of 41 species of carabid beetles collected in pitfall traps, 1999—2000. The species
are classified into four types.

Species Shrubs Coppice  Upland Lowland Total Per-
forests forests cent
VS AS ocC PP OF LP WF MF (%)

Habitat generalists

Carabus smaragdinus 22 51 67 10 4 2 12 1 169 4.01
Carabus viadimirskyi 11 41 6 8 7 8 5 1 87 2.06
Pristosia sp.3 - 4 6 - 4 4 21 5 44 1.04
Forest generalists

Carabus manifestus 8 1 152 42 233 355 229 68 1088 25.79
Reflexiphodrus refleximargo — - 27 44 39 122 31 20 283 6.71
Pterostichus acutidens - 1 75 - 81 147 5 190 499 11.83
Pterostichus subovatus - 1 52 1 106 257 8 50 475 11.26
Pristosia sp.1 1 13 66 4 42 134 13 56 329 7.80
Pterostichus fortipes 5 6 39 9 32 1 33 5 130 3.08
Carabus scultipennis - 4 36 5 29 8 25 - 107 2.54
Carabus crasseculptus - - 4 76 68 226 105 90 569 13.49
Carabus sui - - 9 25 39 7 6 5 91 2.16
Pristosia sp.2 - 1 1 1 11 - 22 26 62 1.47
Forest specialists

Carabus canaliculatus - - - - 2 12 1 1 16 0.38
Pterostichus interruptus - - - - - 18 - 3 21 0.50
Pterostichus adstrictus - - - - 5 - - 75 80 1.90
Shrub and coppice specialists

Carabus granulatus - 7 59 - - 1 7 - 74 1.75
Carabus brandti 10 3 10 - - - - 1 24 0.57
Other species

Agonum nitidum - - - 2 - 1 - - 3 0.07
Amara sp.1 - 1 - 1 - 1 1 - 4 0.09
Amara sp.2 - 1 - - - - - 2 3 0.07
Asaphidion sp. - - - 1 - - - - 1 0.02
Badister pictus - - - - - - - 1 1 0.02
Bembidion sp.2 - - - - - 2 - - 2 0.05
Carabus hemmeli - - - - - 1 - - 1 0.02
Chlaenius posticalis - 1 - - - - - - 1 0.02
Curtonotus sp.1 - - - - - - - 1 1 0.02
Curtonotus sp.2 - 1 - - - - - - 1 0.02
Curtonotus sp.3 - - - - - 1 - - 1 0.02
Curtonotus sp.4 - 1 - - - - - - 1 0.02
Cymindis daimio 6 - - - - - - - 6 0.14
Harpalus bungii - 1 - 1 - - - - 2 0.05
Harpalus coreanus - 2 - - - - - - 2 0.05
Harpalus crates - 5 - - - - - - 5 0.12
Harpalus quadripunctatus - - 1 - - - 1 4 6 0.14
Harpalus tinctulus - - - 2 - - - - 2 0.05
Harpalus tschiliensis - 1 - - - - - - 1 0.02
Notiophilus sp. - - - 7 5 3 3 - 18 0.43
Pristosia sp.4 - - - - - - - 1 1 0.02
Pterostichus laticollis - - - - - - - 7 7 0.17
Pterostichus microcephalus — - 1 - - - - - 1 0.02

Moisture LOW HIGH
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Table 3. Carabid species richness, diversity and equitability in the studied vegetation types and during the two

study years.

Habitat type Richness (S) Diversity (H') Equitability (J)
1999 2000 1999 2000 1999 2000

Shrubs 14 7 1.90 1.37 0.79 0.74

Coppice forests 16 14 2.28 2.23 0.82 0.84

Upland forests 16 13 1.94 1.94 0.71 0.75

Lowland forests 18 15 1.94 1.96 0.67 0.74

sites, indicating rather similar carabid assem-
blages. However, they often showed remarkable
variation in placing over the two-dimensional
DCA space within the group of forested sites and
between the two years (Fig. 1).

Among the six most abundant species, C. ma-
nifestus, C. crasseculptus, P. subovatus and P.
acutidens showed significant abundance correla-
tions with each other. More specifically, P. subo-
vatus was positively correlated with C. mani-
festus over the two years and and positively with
C. crasseculptus in 2000. Reflexiphodrus reflexi-
margo was positively correlated with the two
above-listed Carabus species, and Pristosia sp.1
was positively correlated with the two Ptero-
stichus species and Carabus manifestus in 2000
(Table 4).

o

r A:1999

Axis 2

Axis 1

3.3. Carabid distribution

We regarded a species as being abundant if the
catch was >10 individuals in at least one habitat
type over the whole trapping season (on average
more than one individual per collection) and if it
comprised >5% of all the beetles captured (modi-
fied from Niemeld ef al. 1992). According to this
rule of thumb and based on their occurrence
among the habitats, we divided the 18 abundant
species into four groups (Table 2).

3.4. Seasonal activity
The mean catches (n / 100 traps * day) with
pooled carabids indicated a distinctive abundance

peak in August in the vitex shrub sites (Fig. 2a),
relatively even abundance from May to August in

2 r B:2000

Axis 2

Axis 1

Fig.1. Detrended Correspondence Analysis for the carabid samples. Axes 1 and 2 respectively explain 37.4%
and 16.4% of the total variation in 1999 and 38.1% and 8.8% in 2000. Shrubs = VS (vitex shrubs) and AS (al-
mond shrubs); Coppice = OC (oak coppice); Upland forests = PP (pine plantation), OF (oak forest) and LP (larch
plantation); Lowland forests = WF (walnut forest) and MF (mixed broad-leaved forest).
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Table 4. Spearman rank correlation coefficients (p value) for the abundance of the six carabid species that made

up >5% of the total catch in 1999 and 2000.

Species Year C. crasse- P. subovatus P. acutidens  R. reflexi- Pristosia sp. 1
culptus margo

C. manifestus 1999 0.731(0.040) 0.711(0.048) 0.611(0.108) 0.611 (0.108) 0.214 (0.610)
2000 0.868 (0.005) 0.898 (0.002) 0.659 (0.076) 0.802 (0.017) 0.756 (0.030)

C. crasseculptus 1999 0.461 (0.251) 0.657 (0.077) 0.639 (0.088) —0.024 (0.955)
2000 0.800 (0.017) 0.630 (0.094) 0.861 (0.006) 0.691 (0.058)

P. subovatus 1999 0.849 (0.008) 0.545(0.162) 0.602 (0.114)
2000 0.859 (0.006) 0.614 (0.105) 0.908 (0.002)

P. acutidens 1999 0.392 (0.337) 0.587 (0.126)
2000 0.319 (0.441) 0.975 (<0.001)

R. refleximargo 1999 0.072 (0.866)
2000 0.442 (0.273)

the almond shrub sites (Fig. 2b), and a July peak
in all of the forest sites (Fig. 2c—g) except in the
walnut forest, where the mean catches remained
high from June to August (Fig. 2h).

At the species level, Carabus manifestus had
two peaks: in the early season and middle-late
season (Fig. 3a), whereas Carabus crasseculptus,
P acutidens, P. subovatus and Pristosia sp. 1.
showed a main peak in the middle season (Fig.
3b—e). Finally, Reflexiphodrus refleximargo
showed a similar abundance pattern as did C. ma-
nifestus (Fig. 3f).

Fig. 2. Seasonal activity-
density of carabid bee-
tles in the eight habitat
types in 1999. — a. Vitex
shrubs. —b. Almond
shrubs. — c. Oak cop-
pice. —d. Oak forest.

— e. Pine plantation.

—f. Larch plantation.
—g. Mixed broad-leaved
forest. — h. Walnut for-
est. Apr.  May June July

Number of Individuals (mean catch per 100 traps per day)

0
Aug. Sept. Oct. Apr.  May

4. Discussion
4.1. Species abundance and composition

Our results indicate that although carabid spe-
cies-level responses to habitat type varied be-
tween the two years, carabid assemblages of the
five mature forests and the coppice forest were
more similar to each other than to those in the two
shrubland sites (Fig. 1). This result was consistent
with the microclimate and edaphic characteristics
of each habitat. As indicated in Table 1, the two

lZ-b

June July Aug. Sept. Oct.
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12 r Carabus manifestus 15 Carabus crasseculptus
10 a 12 b

81 9

6

Wl 6

N 3

0 0

15 r Pterostichus acutidens 10 Pterostichus subovatus
- d

Pristosia sp.1

f

Number of Individuals (mean catch per 100 traps per day)

Reflexiphodrus refleximargo

Fig. 3. Mean catch

(£ S.E.) of the six most
abundant species that all
comprised >5% of the to-

Apr. May June July Aug. Sept. Oct. Apr.

shrubland sites were both characterized by dry
soil, thin leaf-litter layer, and sparse herbs. Con-
trary to this, the six forested habitats shared very
different characteristics: moist soil, thick leaf lit-
ter, and moderate to dense shrub layer. Thus, the
differences between forests and shrub sites in
terms of habitat characteristics might determine
the distribution of carabids over the whole study
area. Our previous research on Carabus assem-
blages in the same study area also supports this
hypothesis (Yu et al. 2002).

Our results also indicated that the coppice for-
est had higher diversity and equitability than had
mature forests and shrub sites, and that the for-
ested sites with closed canopy supported more
carabid species and individuals than did the two
shrub sites that were relatively open. Also this re-
sult can be explained by the edaphic characteris-
tics of different habitats. Except for the aspects
similar to mature forests, the oak coppice stand
had lower canopy cover and higher structural het-
erogeneity than did the mature forests; the hetero-
geneity might contribute to the higher diversity of
carabid assemblage there. Jennings et al. (1986)
also suggested that carabids can be commonly as-
sociated with closed than open habitats.

4.2. Carabid distribution and spatial scale
Carabids responded to habitat structural differ-

ences in varying ways depending on the spatial
scale in question. As was expected from earlier

May  June

Oct.

July Aug. Sept. tal catch in 1999.

work (Lindroth 1961-1969, Thiele 1977),
carabids were associated with broad habitat
types, such as forest and hrub habitats. However,
most of 18 abundant species were common in
several habitats, and just a few were restricted to
either forest or shrub sites. On the finer scale, our
results also showed that forests are patchy envi-
ronments for carabids, as there were some species
restricted to only one or two habitat types studied.
Niemeld et al. (1992) reported that carabid spe-
cies may have abundance variation among differ-
ent habitat types and that most of the species are
habitat specialists in this sense; they also sug-
gested that soil moisture can be an important de-
terminant of carabid habitat associations. How-
ever, we found a rather similar habitat selection
among carabid species, as most of the carabids
appeared to be forest generalists. This difference
may be attributed to differences in edaphic char-
acteristics among habitats (Niemeld et al. 1992).
There are only a few detailed reports on carabid
fauna among different habitats of North China;
therefore, we could not directly compare the de-
tails of carabid distributions. Thus, further re-
search on carabid fauna in this respect are clearly
needed.

4.3. Temporal distribution
In extra-tropical regions, the factors regulating

the life cycles of carabid species may include
temperature and photoperiodicism (Thiele 1977,



182

25 ¢ 1100
20t 80 &
K z
215 160 3
£ £
=

[=%
£10 {140 5
2 z
g =
R [5)
Zs 20 B

Apr. May June

July Aug. Sep. Oct.

Fig. 4. Monthly mean temperature (° C) and relative
humidity (%) in the studied region in 1999. Meteoro-
logical data were collected from Beijing Forestry Eco-
system Research Station (40°00’ N, 115°26’ E, 1,200
m a.s.l.). Columns = temperature, curve = relative hu-
midity.

Sota 1985, 1994, Lovei & Sunderand 1996), as
suggested by our finding on the distinctive sea-
sonal activity peaks of carabids. In carabids, these
peaks usually coincide with reproduction
(Niemeld et al. 1989, 1992). Most species in our
study showed prominent abundance peaks in the
middle season; moreover, two abundant species
showed two peaks during the growing season.
This result seems to contradict with the single-
peak pattern (corresponding to spring or autumn)
observed in North America and Europe (Epstein
& Kulman 1990, Niemeld e al. 1992). Niemela et
al. (1989) also reported a flexible seasonal
rhythm for several dominant carabid species in
the southern Finnish taiga. Perhaps the short
growing season in high latitudes forces carabids
to breed in early summer to ensure that their off-
spring have enough time to reach the adult stage
before over-wintering (Niemela ef al. 1989, Sota
1994). The middle-season activity peak in more
southern latitudes, reported here, may be associ-
ated with optimal temperature and soil moisture
rather than with the length of the growing season.
The relative humidity, associated with soil mois-
ture, is always relatively high during July to Sep-
tember (>80%), as is the mean temperature dur-
ing June to August (+16...+19 °C; see Fig. 4).
Thus, the optimal conditions for carabids may oc-
cur between July and August, and moisture and
temperature might thus determine the seasonal
dynamics of carabids in our study region.
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