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Response of Ground Beetles (Coleoptera: Carabidae) to Vegetation Structure
in Wildlife Crossings"
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ABSTRACT

Korea has put in significant efforts to increase the number of wildlife crossings between fragmented habitats
to prevent loss of biodiversity and to encourage the habitat connectivity in Korea. However, there is a lack of
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biological data on the effect of vegetation structure in these wildlife crossings and guidelines for design and

management of wildlife crossing structures in Korea. Therefore, we selected ground beetle assemblages as

model organisms to compare the effect of vegetation structure in wildlife crossings, i.e. bare ground- and

shrub-type corridors, in agro-forested landscapes. For this study, 4,207 ground beetles belonging to 33 species

were collected through pitfall trapping along the northern forest - corridor - southern forest transects from late

April to early September in 2015. Dominant species, abundance, and species richness of ground beetles were

significantly higher in the shrub-type corridors than the bare ground-type corridors. Also, the species

composition of bare ground-type corridor was significantly different compared to the other habitats such as

shrub-type corridor and forests. Similarly, environmental variables were also influenced by vegetation

management regimes or trap locations. Collectively, our study clearly indicates that the movement of forest

associated ground beetles between forest patches can increase as the vegetation in wildlife crossings becomes

complex. Although further studies are needed to verify this, there are indications that the current wildlife

crossings that comply with the guidelines may be unfriendly to the movement of ground dwelling arthropods

as well as ground beetles. To enhance the ecological function of wildlife crossings, the guidelines need to be

rectified as follows: 1) Shrubs or trees should be planted along the corridor verges to provide refuge or

movement paths for small mammals and ground dwelling arthropods, and 2) Open spaces should be provided

in the middle of the corridors to be used as a path for the movement of large mammals.
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(a) Bare ground-type corridor (b) Shrub-type corridor

(c) Sampling design

Northern forest Corridor Southern forest

3 4

S5 6 8 9
= 11 1=
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2
| HOBO data logger

—» (d) Pitfall trap

l‘u

[sm

[R5

Figure 1. Photos of bare ground- (a) and shrub-type corridors (b) in Yeongju and Bonghwa, respectively.
For collecting ground beetles, pitfall traps were installed along a northern forest-corridor-southern
forest transect in each type of corridors (c). To prevent disturbance by animals and rain
inflow into traps, wire meshes (29.5cm’) and rain covers (20cim’) were placed above pitfall traps
(d). HOBO data loggers were placed in center of corriodors to measure temperature and
relative humidity
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Table 2. Nested ANOVA showing differences in environmental variables (soil humidity, pH, and ground and
canopy cover) between corridor types and between the nine locations of pitfall trap selected. To apply with
parametric test assumptions, soil humidity, ground cover, and canopy cover, and pH data were arcsine-

and log(x+1)-transformed, respectively

Dependent variables Source of variation df Mean Sq F P
) o Corridor types 1 0.021 22.97 <0.001
Soil h(;m‘d‘ty Trap locations 8 0.002 1.82 0.099
C6) Error 44 0.001
Corridor types 1 0.263 3.04 0.088
pH Trap locations 8 2.578 29.79 <0.001
Error 44 0.087
Corridor types 1 0.007 0.20 0.658
Gro“n(fj cover Trap locations 8 0.150 428 <0.001
6) Error 44 0.350
Canopy cover Corridor t}'/pes 1 0.355 15.43 <0.001
%) Trap locations 8 1.270 55.22 <0.001
Error 44 0.023
2 XEA THYy S0 ZHUTE o AW EE, AUy 2 S2AGRAY
g9 35, Aot ddd F9 i ofyet 5= U
BAEE FFAY HA/2E2Y ATzt Foktol 9 Tl A Hlag wo] o] YFe Wi e Y
A% Bad A2 2 ol A4 gAY 49 &4 ol &t Ao w MZETH Appendix 2).
28UNE 99 3UAA) of el AA AYE AR WY 2wl AT wmalo] AYER Yo A4 720
delfe 33 42077142 SAHG A 2 38w RS 4 F50) Ml P FET Aol S Hen
2 WA/E2EE SRl 28F L8137 7HAppendix  (Figure 2). #EF 9] 4%, 52| K3 A% A4
D), #5539 YHS2oAME 17F 23947047 -5 4 (FAPE)I F35of AT A-(EAE AEY G4
SAtHAppendix 2). TEY HHFR YRAN WA/ZET 5o AR 2 Aol2 Holxi oFobd v, LhA/22
SR fRec B2 AT YRR, FARE Fel e dabwo] Babwe] uls AHoR e AH L
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Bt
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SHUAR 5 ST oA A L (Synuchus
arcuaticollis Motschulsky, 1860, 3,21770A)), &2 2HA]
H | (Synuchus nitidus (Motschulsky, 1861), 3067]A]), %I
S A A (Coptolabrus smaragdinus Fischer, 1823,
28571 A), EHYHA HY|(Harpalus discrepans Morawitz,
1862, 11174A)), AlFA G2 HAH | (Synuchus orbicollis
(Morawitz, 1862), 837HA)) X *-5-x| W 2| | (Chlaenius
naeviger Morawitz, 1862, 737§A)) 40|31, o] 6%0]
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AU = YA/ 2 A, FEAHA g, 25
oy 9 ARYHA Y = B5Y AgeE7E 9l
Aol A o] A = ol

R HEEAE HYER §

FZE Aol7h A 53] REF HEHTZAAM Fol A

orlr
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Lo (Table 3), 53] AelER0] A4 F2E B4 Brjs /)
Aol Hek Fon|et G F= ASE A ATFCRA
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R0 2 GRS A A AU ERY A4 T2
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(a) Abundance
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Figure 2. Comparisons of mean abundance (a) and species richness (b) of ground beetle assemblages between bare
ground- and shrub-type corridors across northern forest (1 -3) - corridor (4 - 6) - southern forest (7 - 9)
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Table 3. Nested ANOVA showing differences in abundance and species richness between corridor types and between

the trap locations selected. Abundance and species richness data were log(x+1)-transformed to apply with

parametric test assumptions

Dependent variables Source of variation df Mean Sq F P
Corridor types 1.767 20.06 <0.001
Abundance Trap locations 8 1.647 18.68 <0.001
Error 44 0.088
Total data , Corridor types 0.002 0.10 0.752
:Eﬁﬁf‘; Trap locations 8 0.049 2.45 0.027
Error 44 0.020
Corridor types 1 2.154 42.5 <0.001
Abundance Trap locations 2 0.160 3.16 0.074
Corridors only Error 14 0.051
. Corridor types 1 0.183 9.02 0.009
rs1£}?:11eesss Trap locations 2 0.007 0.37 0.701

Error

14 0.020
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Figure 3. Seasonal change of mean abundance (a) and
species richness (b) of ground beetles between
bare ground- and shrub-type corridors except
on data of ground beetles in northern and
southern forest areas

e AHEE WREY A4 gydegF & 40 2
S FUTHNMDS, stress=0.14; ANOSIM, Global
R=0.559, P<0.001)(Figure 4). T &+ 4229 12(HAd
2 EAME AR, UA/2EY 2 35 AHe R AR
£ ANOSIMO 2§43t Ao A e Hejg= e F=of
2 FPA4S 52 HHAS A HGlobal R=0.523,
P<0.001)(Table 4). AF7l 2o L, FAFHIL FAH
Zpol7h thar A7 kAR e g ol F-4d 0l Hwst
WAL R FARE F4e Eolth thel, NMDSE4]
oA UYA/z22y Aesrites H5y AHe=zd T +
ol 9 4H A9 F AT FAH Y datE vE
olE W AxA THUAFTY L2 ARY KPS F3f o
sole A=A, MolR, ShEAF )l ol A4
of F2AQ B9 f57F Arglat Al S o]sstr] %t
e fie AzEt 25 ug Q7o Bas,

o2

2D Stress: 0.14

L] +
++
of
¢ 4+ F

A Northern forest
g O + Southern forest
O Bare ground-type corridor

@ Shrub-type corridor

Figure 4. NMDS ordination based on ground beetle assemblages
in bare ground- and shrub-type corridors across
northern forest-corridor-southern forest

Table 4. Analysis of similarity (ANOSIM) for Bray-Curtis
among groups for the ground beetle assemblages

(1 togarony R st TS
NF vs. SF 0.201 <0.001
NF vs. BC 0.856 <0.001
NF vs. SC 0.812 <0.001
BC vs. SF 0.850 <0.001
BC vs. SC 0.523 <0.001
SF vs. SC 0.575 <0.001

* Abbreviation of groups: BC, bare ground-type corridor;
NF, northern forest; SC, shrub-type corridor; SF, southern forest
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