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Research paper

Browsing Preferences of and Fraying Behavior
by Formosan Sika Deer (Cervus nippon taiouanus)
and Their Relationships with Changes
in Sapling Populations in the Kenting Karst Forest

Ding-Hong Yeh,"”  Yau-Lun Kuo,””  Chao-Song Lin"
[ Summary ]

The reintroduced Formosa Sika deer are impacting regeneration of forest vegetation in the
Kenting Karst Forest Dynamic Plot (KKFDP). In this study, browsing preferences of deer of leaf-
bearing twigs were tested, and saplings of various species were surveyed for fraying scars caused
by deer to investigate the relationship between browsing preferences and rates of change of juve-
nile populations of different tree species. Results showed that browsing rates significantly differed
among 77 tested tree species. Twigs of 9 species were entirely browsed, including Trema orienta-
lis, Ficus septica, Macaranga tanarius, etc., indicating that these species were the most palatable
to deer. On the other hand, twigs of 12 species were not browsed at all, including Aglaia formosa-
na, Ardisia sieboldii, Clerodendrum trichotomum, Ehretia acuminata, Firmiana simplex, Gelonium
aequoreum, Glycosmis citrifolia, Machilus japonica var. kusanoi, Maesa perlaria var. formosana,
Mallotus philippensis, Reevesia formosana, and Trichodesma calycosum, and thus were the least
palatable. Surveys of fraying scars showed that damage to trees was alleviated as the diameter of
the saplings increased, and the most severe fraying damage occurred in saplings with a diameter
of <2 cm. The deer preferred saplings of Aglaia formosana and avoided saplings of Diospyros
blancoi for their fraying behavior. The browsing rates of 26 tree species had significant positive
correlations with rates of decline of juvenile populations between 2001 and 2013 in the KKDFP.
Results showed that the higher the palatability level of a tree species, the higher the rate of decline
of its juvenile population. Declining rates of juvenile populations of species with higher palatabil-
ity rates were lower if the population was primarily growing on exposed limestone habitats, which
prevented browsing damage by deer. In addition, this study found that shade tolerance, represented
by the photosynthetic capacity, of 71 tree species of the Kenting Karst Forest had no significant
relationship with browsing rates of deer.

Key words: browsing rate, fraying scar, palatability level, population change rate, shade tolerance.
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Table 1. Leaf browsing rate, Ivlev’s index, and photosynthetic capacity (A,,.., pmol CO, m”s™)
of 77 tree species which were nibbled by Formosan Sika deer in the Kenting Karst Forest. A,
provided by Kuo and Yeh (2015) and unpublished data. N/A denotes data not measured.

. Browsing  Ivlev’s . Browsing  Ivlev’s
Species A Species max
rate (%) index rate (%)  index

Antidesma pentandrum 100 0.46 14.1 Drypetes littoralis 48 0.13 10.5
var. barbatum Planchonella obovata 47 0.12 17.4
Boehmeria nivea 100 0.46 N/A Radermachera sinica 42 0.06 247
var. fenacissima
Dendrocnide meyeniana 100 0.46 23.0 Scolopia oldhamii 38 0.01 17.2
Ficus benjamina 100 0.46 22.0 Diospyros ferrea 37 0.00 12.0
Ficus irisana 100 0.46 16.7 Ficus superba var. japonica 33 -0.06 222
Ficus septica 100 0.46 234 Ficus caulocarpa 33 -0.06  20.6
Macaranga tanarius 100 0.46 31.9 Glochidion philippicum 33 -0.06 215
Schefflera octophylla 100 0.46 17.4 Syzygium formosanum 32 -0.07 109
Trema orientalis 100 0.46 27.7 Bischofia javanica 28 -0.14 227
Dracaena angustifolia 99 0.46 10.2 Melicope semecarpifolia 27 -0.15 163
Fraxinus insularis 99 0.46 22.0 Mallotus paniculatus 27 -0.16 294
Ficus ampelos 98 0.45 20.8 Ardisia quinquegona 20 -0.30 123
Palaquium formosanum 97 0.45 17.6 Gonocaryum calleryanum 19 -0.32 118
Koelreuteria henryi 93 0.43 19.1 Cryptocarya concinna 17 -0.37 125
Melanolepis multiglandulosa 92 0.43 31.0  Lagerstroemia subcostata 17 -0.38 257
Neonauclea reticulata 92 0.42 18.1 Litsea hypophaea 16 -0.39  16.7
Pisonia umbellifera 85 0.40 14.7 Heritiera littoralis 16 -041 177
Melia azedarach 80 0.36 34.6 Euphoria longana 15 -042  N/A
Celtis formosana 78 0.35 19.6 Croton cascarilloides 14 -044 125
Ehretia dicksonii 75 0.34 20.6  Diospyros blancoi 6 -0.71 123
Gleditsia rolfei 75 0.34 25.1 Swietenia macrophylla 3 -0.84 175
Diospyros maritima 74 0.33 12.2 Viburnum odoratissimum 3 -0.85 16.8
Champereia manillana 73 0.33 12.4 Neolitsea parvigemma 2 -0.90 145
Gardenia jasminoides 72 0.32 16.5 Psychotria rubra 2 -091 138
Eriobotrya deflexa 71 0.32 16.6  Diospyros eriantha 2 -091 127
Premna serratifolia 71 0.31 27.7 Cinnamomum reticulatum 1 -0.96 169
Boehmeria wattersii 69 0.30 16.3 Aglaia formosana 0 -1.00 157
Murraya exotica 68 0.29 17.3 Ardisia sieboldii 0 -1.00  15.0
Beilschmiedia erythrophloia 67 0.29 13.5 Clerodendrum trichotomum 0 -1.00 N/A
Liodendron formosanum 67 0.29 11.5 Ehretia acuminata 0 -1.00  27.6
Ficus microcarpa var. 67 0.29 23.9 Maesa perlaria var 0 -1.00  17.6
microcarpa formosana
Leea guineensis 66 0.28 20.1 Gelonium aequoreum 0 -1.00  13.6
Kleinhovia hospita 60 0.24 22.6 Glycosmis citrifolia 0 -1.00  10.7
Crateva adansonii subsp. 57 0.21 15.5 Machilus japonica var. 0 -1.00 149
formosensis kusanoi
Fraxinus griffithii 56 0.20 24.6 Firmiana simplex 0 -1.00 274
Ficus virgata 54 0.19 N/A  Mallotus philippensis 0 -1.00 143
Sapindus mukorossi 51 0.16 19.4  Reevesia formosana 0 -1.00 132
Bridelia balansae 50 0.15 15.4 Trichodesma calycosum 0 -1.00 N/A




GIEFRERIE 36(1): 69-86, 2021

B o BhAh o hEC SRR A - R SR
AT BB o T PR+ RS 1 DR oy 85 R - 5
SHERRIERE B G # - E R R - G
R~ B R BT EE ~ BREE I
VR 5 ) Rz A SR R o TR BT ey 7
E 5 AR B s B R s L A R
o HIAIB R JEA T C B - 35 T IHEHEAE
B R AR SE - FO8R TR ~ MRS ~ BR&
- MEERZEMEEEE - iR EER
FLPE AL A 0 R LB Ry BRI LA » G BR
UL B 5>y 1~29 ~ 30~59K60~100% = fi&l i
B BHARBIREKE - h g R EERA -

R = TR B S 0 T S A R R 1 ey SR PR
B LR E BB SE - BR20194E11~12H
FEHEFT LSl o —TERTTRRE - —OF F8 2 B st
AFEHE AR 2 m RS ] 46 T A Ak 2 A T
(Ramos 2006) « 75 L AR %2 mAEE
PRAR/INEGE » (H R 8 B A4 Y AR SR A A R+ U
R A A A R B A R 42— B AR SR
FTEAETT A WIS — KRR V] (R
Hif o FLRITER AR I A L (B =R RY
PRI 0 T ak B R A R R AR R i 2
B R SR PSR PR A B - BIR DA R o
AR R B N - Fop R 2 B AR o K
FAH O B A SR B A T T A -

VY~ S iR RS I A B R B A B I B R I

ZHHRATEST BT

R tRar B T mh M AR B R AR w1
AR R S e FE A (B 1R 1~2 em) JR B R A B HY
ATREIRLIAL » A FELARZ R W A1 200 1 4F Ly e HE At
> 40FRIAY26HHFE - [22001~20134F 1 24E IR
RSB SR(Wang et al. 2004, Table 2) g4
#(dependent variable) » H#E#(independent
variable) lIlf5 =3 - 5 —TH H BB IRTEEEE %
R RR - B AR M RERLE
7% JJ(photosynthetic capacity) » I FE YT
Rt - 55 = TH H S BN 1 AR AR R B B AR
T A T 2 T AT T B T T A O AR S o DL AR AR E)
SEAR i S R A P 22 R o A B A RGO AT IS B
L2 6 ff 7 A 2 O e 1Y I 2 1 B 1 e 280

75

HEREAS 4 F i (Wang et al. 2004) - RIGHRHESE
HHREBIE o HESE SRR BERT BR R  H BA SE A
AR B RE AR & P L Al A T ny B S FR B
(IVL, Wang et al. 2004) » A [A] — i 7R R AR E)
FEARK W L DU R A 3 % 9 B SE AR B
HAE (Table 2) o 7 RE R {2 70 A1 2 B L MR s A
Al MBER L B RRAE SRR E
AR QAR RO  ARIFFEFEMER ATk - 5
S AR | 247 JIFD L e ME R R RS EDR -
9l Bl = 1 s P 2 A BB FHRA (p < 0.05) -

LS

MBS 2 R T B2 Fr B I R R T

ZRT v L T A AR MR O S AH R AR R -
ASTHALAMIFC T AEBE R PRI, - Hr77
oA BRI AR BOE3 R (F) LA E(Table 1) - #E1k
HIEA944 BRI R (R) H » BSOS KB Rl
G MR ERAYS53% o ARG 7 TR T
o HOSTEE HEALE (Table 1) -

77 A ROH] R e R A SE g R R
(Table 1) 53 B S M 38 738 ) @
TS —# > P RFEI0MEEEI
Tl LGNS L E (Antidesma pentandrum var.
barbatum) ~ H 5 fifi(Boehmeria nivea var.
tenacissima) > F¥S(Ficus benjamina) ~ J4E
¥5(Ficus irisana) ~ BERA (Ficus septica) ~ B
NS~ ML ~ JLH(Schefflera octophylla) »
IUE i (Trema orientalis) o & 11458 —fK -
WIGE BFEEII~S0 M EF29H - B
T fF B (Dracaena angustifolia) ~ HHEH
(Fraxinus griffithii) ~ KEE L& (Palaquium
formosanum) ~ 55K (Koelreuteria henryi) ~
[ FEAR (Pisonia umbellifera) ~ & .0ofli ~ [
Mt~ SER T (Sapindus mukorossi) - 5@ 1%
E=M o FEEREEI~1019BEE20
& Gt ~ #55 (Planchonella obovata)
X (Bischofia javanica) > HEL T (Mallotus
paniculatus) ~ FL.5 (Lagerstroemia subcostata)
S/ NEAREE T (Litsea hypophaea)Z » 8 11%
EVOH o I RELI~1WEEETHE - GFEE



76

fili ~ /NEFTAREE T (Neolitsea parvigemma) > #%
FEHfi(Diospyros eriantha) ~ JLEiIAR(Psychotria
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aequoreum) ~ FZE(Glycosmis citrifolia) ~ K
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(Table 1) «
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> 10FRAYRS R ELAE « FEAERUR I (Barringtonia
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Fig. 1. Relationships between the photosynthetic capacity and leaf browsing rate of 72 tree

species in the Kenting Karst Forest.
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TERGIFR) ~ Lkl (31HR) ~ RZEM(28FE) ~ BEIR
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Frogmg R - BMmEFEHRE(p < 0.001) » 3k
TEFRE(r) Fs-0.524 (Fig. 3A) Mg AERE fmlr HY
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BiE - ERHRAERE - KA IEERNE
B R I R A AT+ DS R MEASS P T B =
TR B B Lt i S R R i =
BREMAERD - FIAIBHTE » M - A58 -
HE ~ BEHE S (Croton cascarilloides) ~ #1528
FREAfi(Table 2)  BhAh » HERS A7 B3R B2
T 11 51 5 VB 7 (i o 1 ) 9 e 22 52 EAH B (p
< 0.05 > /> = -0.236) (Fig. 3B) - #R[fi » 20%& W]
S MAAE AR RS A B R R - s SR rh
BRI Sy i FE RS S 4 B =R (Table 2)fH A HLEHZE
FHB(p = 0.39) » {5 |l ff Fa 401 SR HR B Mg T R
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Fig. 2. The abundance of individual trees (a) and saplings (b) with different values of the
diameter at breast height (DBH) which were used by Formosan Sika deer to fray their
antlers in the Hengchun Botanical Garden. The value at the top of each bar represents the

percentage.
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(Gonocaryum calleryanum)ZF6RfE » QI _F 5l FH
PRI 51 B EL A TEAERBR (p < 0.01, /2 = 0.512, n
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FERERREE RS R 1~58) - TEFRME
L RF A 2 I8 s R B+ il SRR B R L
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FEHFIITAYI A B Chen et al. (2009)F# & A
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Fig. 3. Relationships of leaf browsing rate (a) and photosynthetic capacity (b) of 26 tree species
with population change rate of juveniles in the Kenting Karst Forest. *: p <0.05; ***: p <0.001.
Apb: Antidesma pentandrum var. barbatum: Po: Planchonella obovata.
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Fig. 4. Relationships of clumping on exposed limestone ratio of 14 tree species with population
change rate of juveniles in the Kenting Karst Forest. ** p <0.01. Apb: Antidesma pentandrum

var. barbatum; Po: Planchonella obovata.
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Table 2. Population of juveniles of 26 tree species with a diameter at breast height of < 2.0 cm
in 2001 and 2013, population change rate, and ratio of population clumping on an exposed
limestone habitat in the Kenting Karst Forest Dynamic Plot

) Juvenile population Population Limestone
Species
2001 2013 change rate (%) clumping ratio
Ardisia sieboldii 49" 86" 76" 0.00”
Diospyros blancoi 161 232 44 0.43
Glycosmis citrifolia 104 133 28 N/A
Planchonella obovata 107 128 20 1.00
Croton cascarilloides 41 44 7 N/A
Aglaia formosana 808 752 -7 0.86
Diospyros eriantha 418 372 -11 0.29
Antidesma pentandrum var. barbatum 84 74 -12 1.00
Cryptocarya concinna 436 381 -13 0.00
Murraya exotica 76 59 -22 1.00
Liodendron formosanum 51 36 -29 N/A
Drypetes littoralis 1128 715 -37 0.70
Beilschmiedia erythrophloia 258 156 -40 0.00
Palaquium formosanum 118 61 -48 0.75
Mallotus philippensis 99 50 -49 N/A
Gonocaryum calleryanum 230 99 -57 1.00
Diospyros maritima 8501 3492 -59 0.48
Pisonia umbellifera 87 30 -66 0.13
Champereia manillana 256 85 -67 0.62
Leea guineensis 158 51 -68 0.00
Boehmeria wattersii 284 68 -76 N/A
Dracaena angustifolia 278 41 -85 0.00
Dendrocnide meyeniana 568 81 -86 0.37
Ficus septica 107 14 -87 N/A
Melanolepis multiglandulosa 938 21 -98 0.30
Macaranga tanarius 57 1 -98 0.27

" Values provided by Wang et al. (2015).
? Values provided by Wang et al. (2004).

R—5 - HpG 1478 53 )58 2 AH[E (Table 3) -
ARWFSEEE 5 1 PR Bl P B A S — R AR
WHoemE B R XA - BR—ERIES
T HAR LARER B DAL 2 AR W e Yl L 1 55
AR B EREAE &  Hh AR g
3 o HIE K ERE (Leea guineensis) ~ 5184
B~ FER > AR R R Ao fE
(Table 3) » Chen et al. (2009)th &t TE 1 & % 41
RN R R RIE B - f£100~0%H)
i [ R A B LS AE R AR e o Lk oy 5 RS

e o FEEAHFFE L [FEHIGA43 Y - 36
T (84 %) Wi bfF 7o 1 ks R — 2> H e
V7RG WA - AR EAE s Pk & — R 11
il - SR — R HIE 8T (Table 3) o Ll EE R
TERES A R AV 0 DI I = 4 Rl -
Chen et al. (2009)th 3 [LigEI P 7 - DUKEF
SN B GAEEE < R Ph Rl 22 52 - BTSSRI
[EI A A o A 28T (80% ) o2 58 I Sk — 580
LR TS T B SMIGE IEE R 38 1 V= R B ) B
B
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Boulanger et al. (2009)3F 2 7% B iR 2 I8 75
FRPR A [E) 47 B8 s AR A YR S R 0
BB EENRERFETFFEE - SRR &
R 2B — B - BUR R A g R R ) B
ERYHNEESHENEZR  NgHE W

BTSRRI AR R s,

88 4 R O RSP B (selectivity
pattern) o 2R » EiChen et al. (2009)5dLEIY)
[ e 2 R P A SR L+ A SRR o A
FRA B R 43 R 72 K - TRE R R R B
FOHIER A B bE 2 8 B8 - w] e 8 S W[ E 1y A B

Table 3. Comparisons of palatability levels of the same tree species by Formosan Sika deer
investigated by this study and by Chen et al. (2009) in the Taipei Zoo and the Sheding area

Palatability level
Species This  Taipei  Sheding

study  Zoo area
Antidesma pentandrum 1 (100)" 5 3
var. barbatum
Boehmeria nivea 1 (100) 5 3
var. tenacissima
Dendrocnide meyeniana 1 (100) 4 4
Ficus benjamina 1 (100) 3 2
Ficus irisana 1 (100) 4 3
Ficus septica 1 (100) 5 4
Macaranga tanarius 1 (100) 2 1
Schefflera octophylla 1(100) N/A” 5
Trema orientalis 1 (100) 1 N/A
Fraxinus insularis 2(99) 4 N/A
Palaquium formosanum 2(97) 4 2
Koelreuteria henryi 2 (93) 5
Melanolepis multiglandulosa 2 (92) 1 2
Melia azedarach 2 (80) 3 N/A
Celtis formosana 2 (78) 2 3
Diospyros maritima 2 (74) 1 2
Champereia manillana 2(73) 3 3
Gardenia jasminoides 2(72) 4 2
Eriobotrya deflexa 2 (71) 4 N/A
Premna serratifolia 2(71) 3
Murraya exotica 2(68) N/A
Ficus microcarpa 2 (67) 3
var. microcarpa
Leea guineensis 2 (66) 5 3
Kleinhovia hospita 2 (60) 4
Fraxinus griffithii 2 (56) 4 3
Ficus virgata 2 (54) 3 N/A
Sapindus mukorossi 2(51) NA 3

Palatability level
Species This  Taipei  Sheding

study  Zoo area
Ficus superba var. japonica 3(33) 4 1
Mallotus paniculatus 3(27) 2 N/A
var. paniculatus
Scolopia oldhamii 3(38) NA 2
Diospyros ferrea 3(37) 4 N/A
Glochidion philippicum 3(33) 2
Drypetes littoralis 3(48) 4
Syzygium _formosanum 3(32) 3 4
Radermachera sinica 3(42) 3 N/A
Bischofia javanica 3(28) 3 2
Lagerstroemia subcostata 3(17) 3 2
Litsea hypophaea 3(16) 3 4
Diospyros blancoi 4(6) 3 4
Neolitsea parvigemma 4(2) 4 4
Psychotria rubra 4(2) 4 N/A
Diospyros eriantha 4(2) NA 4
Cinnamomum reticulatum 4(1) 4
Aglaia formosana 5(0) 4 5
Ardisia sieboldii 5(0) 4 N/A
Clerodendrum trichotomum 5(0) 5 4
Ehretia acuminata 5(0) 5 5
Ehretia resinosa 5(0) N/A 4
Maesa perlaria 5(0) 5 5
var. formosana
Gelonium aequoreum 5(0) 5
Machilus japonica 5(0) NA 4
var. kusanoi
Mallotus philippensis 5(0) 3 3
Trichodesma calycosum 5(0) N/A 5

Values in parentheses are leaf browsing rates.
*Denotes not measured.
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