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Effects of urbanisation on medium-sized and large mammals in the lowlands around Mt. Tsukuba
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Abstract: Urbanisation is ongoing worldwide and has various effects on wildlife. The changes in mammal communities caused
by urbanisation are important for biodiversity conservation because mammals are large, consume large amounts of energy,
and tend to occupy higher positions in trophic webs than other species classes. Furthermore, in urban and rural landscapes,
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conflicts between mammals and humans, such as damage to agricultural crops or road kills, are increasing. The city of Tsukuba
in Ibaraki Prefecture, Japan, is undergoing rapid urbanisation. Tsukuba is characterised by a large continuous forest around Mt.
Tsukuba and highly fragmented forests in urban areas. This ecological setting allows us to examine the effects of urbanisation
on mammal communities at a relatively small spatial scale. With this advantage, we used camera trap surveys to investigate the
variation in mammal species composition, diversity, and diel activity from the foothills of Mt. Tsukuba to urbanised lowland
areas. From July to November 2019, we conducted camera trap monitoring at 24 forest sites. At each site, a camera was set in
a place with relatively little groundcover vegetation to maximise the consistency of detection rates. Camera data were collected
monthly and the captured 15-second-long videos were analysed. The 24 sites were classified by forest continuity (continuous
or fragmented), amount of vehicular traffic (high, medium, or low), and vegetation type (natural, semi-natural, or artificial).
The relationships between these factors and the number of records per species were examined using a generalised linear model
(GLM). The number of camera trap days per site averaged 81 and 525 video files of 10 mammal species were obtained. Wild
boar (Sus scrofa), Japanese badger (Meles meles), Japanese marten (Martes melampus), and Japanese squirrel (Sciurus lis) were
recorded mainly in continuous forests. Raccoon dog (Nyctereutes procyonoides), Japanese hare (Lepus brachyurus), and masked
palm civet (Paguma larvata) were recorded in both fragmented and continuous forests. The common raccoon (Procyon lotor),
an introduced species, was recorded only in fragmented forests. The GLM analyses revealed that forest continuity had significant
positive effects on the number of records of wild boar and masked palm civet. The amount of vehicular traffic had significant
negative effects on the number of records of wild boar and Japanese marten, but positive effects on those of raccoon dogs and
common raccoons. Before the study, we expected that the presence of natural and semi-natural forests would have positive effects
on the abundances of all mammals, but the common raccoon was captured significantly more frequently in artificial forests than
in natural or semi-natural forests. Species accumulation curve analysis demonstrated that forest fragmentation markedly reduced
native species richness. The diel activity patterns of raccoon dogs differed significantly with differences in forest continuity,
amount of vehicular traffic, and vegetation type, whereas those of Japanese hare and masked palm civet did not. In summary,
urbanisation strongly influenced species composition, diversity, and diel activity, but the response patterns varied considerably
among species.
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Fig. 1. Occurrences of mid-sized and large mammals in the lowlands around Mt. Tsukuba, Ibaraki Prefecture. The size of the pie

corresponds to the camera trapping rate at each site. The number beside the pie is the ID number of the study site; sites are

listed in Appendix 1. No mammals were recorded at site 21.
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Table 1. Classification of traffic abundance.
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Fig. 2. Box plots of the relationships between the camera trapping rate and forest continuity, traffic abundance, and vegetation
type for six species of mid-sized and large mammals that were frequently recorded in this study. The y-axis indicates the
number of trapping records per day and white circles show the average. Categories 1 and 3 were the lowest and highest
categories of traffic abundance, respectively. See Table 1 for details.
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Table 2. List of best-fit models for predicting the number of camera trap records with forest continuity, traffic abundance, and vegetation type
as explanatory variables. The analyses were performed with a generalised linear model (GLM). The table shows the models with the lowest
Akaike information criterion values, whose difference was within two. Vegetation type was categorised as natural forest, mixed forest,
or plantation, and the coefficients of natural and plantation forests against mixed forest are shown in the table. An asterisk (*) indicates a
p-value < 0.5 based on the Wald test.
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Fig. 3. Species accumulation curves for estimates of species richness
of mid-sized and large mammals with the number of camera trap
sites in the lowlands around Mt. Tsukuba, Ibaraki Prefecture: (a)
forest continuity; (b) traffic abundance; and (c) vegetation type.

See Table 1 for the method of classifying traffic abundance.

7o A7 VT, BHOEREETEY)DZ VL ED
AIC DZALDIL o L b REP 72D, =F Y /) IHFD
£z, LoOBBE Y L) OZEWTH AIC OEfLE
HIFIFFE LT, 320BRNOETHEELEZZ 515D
DHH o7,

FLER S NAHOMO LR L . ABTALICEE S 5 %
A& ORRMEE BT L2 & 2 A, WERDIT S AR

mRE= - Hv (R

VLB EHMEERLE (K3), ZOMEMIZ. 75
A7 N EY Y ATRFEWIIERTEOADY;ET
LFEBETH 5720 ZBREICOVTIL, 3 2ODKSDFEDS
INE SR BRI A SN R0 o 720 FEESY A TIZDOW
Tk, A SVb oo, B O LHEMELRE <.
B, AT E V) T 2 2 EADSH STz, T
DONEFFFEREDO LD T —F £y b TLRETH 720
WEH LMo ) b, RIS b 7o T o fi
LTWzg AF, 2RV ) OHF, BXUONZEY VI
DWW, G & A S O & DOBIRRYEE AT L
el A F AR, HHROERE, KR, Ay A
DETIZBWTC, HogRR OS5 EHE & OB
WCEBERBERS A SN (p<0.05; F3). MEHEH]
DAL TL (4) 2HDE, SREEINERTED
MEIZEM L TWAED, =7 OMENRL>TnE Ik
Wohb, —f. =Ky /77y FiL, Kol o]
OO HBEEICHENN G ERZIRH SN o7z (3
3)o LA L. ABRZEEOBRVXFIZBEWT, Bk
AN OFIMED L O TR S BT 12 7% BAEA A S e
(K 4)o N7 ET ViE, &%l U CIX Mo
DEPNS L (FEI), e 77 70K 318
DHFTHLSEBIESLDEINNEDo7 (M4),

% %

ARHFZETIE, 2T 10 MOMFLE % ek L 7225,
MROFEE & AE BRI L OBRMEIIFEIC L > TRECRR
D, WHBEOHFHTH - CTHAEBTELHEEZ ) TV
T 5 2 LR ENTz. W L 2R TR O R
MolfliZ, A /vy, =RV TFHT<, kT,
ZARYYATHo7 (12 FB1: 8D, Th
Sk, FHROSWALIZHETS T, MR L7
AR ABBREMIT T AL E 26N, —H,
THHNOIMZARTHT|E SN2y XF, =Ky /o
FoNTEY Y, TIA <L ROy
MRS A E EZ SN TNH ORI, JBfT
fif7e (B - A4 2008 ; Saito and Koike 2013, 2015) &
L—HLTwb, FURILEREIE, v¥ /7 7~v, =K
YIUN. SRV OGA L R WIHFLEME b DAY, FE
HOGWALIZ X 2B T E R ZE RO b D NTER 72
ARBIFEIC L > ThIBRERT > TB Y oo
WCH—ED TP RETH L LEZHND,

MO A ZlE ALY 4 7 D IHFLED
HERIRIIC R 5.2 5 2 LR Eh: (K2:3% 1),



LA ILI G 2 % 8

=

# 3. RO, KR, BLXOREY A TOENEY XX, Zky ) 9HE, NFED L OWEEY L

DR L

Table 3. Results of Watson—Wheeler tests to examine relationships between diel activity and site characteristics (forest

continuity, traffic abundance, and vegetation type) for racoon dog, Japanese hare, and masked palm civet.
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Watson — Wheeler 152
(Wheeler and Watson 1964)
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Appendix 1. Camera trapping rates of mid-sized and large
mammals recorded by a camera trap survey in the lowland
area around Mt. Tsukuba, Ibaraki Prefecture. If the same
species was recorded twice or more within 20 minutes at a
given site, only the first record was counted.
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Appendix 2. Videos of mid-sized and large mammals
recorded in a camera trap survey in the lowlands around
Mt. Tsukuba, Ibaraki Prefecture.
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Appendix 3. Geographic locations where exotic common
raccoons were captured and recorded by a camera trap in
this study. The annual data of locations where common
raccoons were captured in Tsukuba were provided by the
Ibaraki Prefecture Government.
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