EEPEERIE 32(3): 237-49, 2017 237

bHgtEReS

BMAEREARIHEZLABREFOHBE
WESD FERY FHEY mEx? HiEe) ImE
W =

EFIERERZ AN 2B BRI LE - BRI E SN RYEEEEHIREAR S o AW
FefA g LR EE AR A LE I BB b - SRATI RSB/ - RO SR ILISEE 3 ST A REARZE P N e

b - WASHIER BRSO T - KA LIGEE A FRIARZE Fr 8 B S B -

gt B AR | e E R oK e ERNER - AERPIEMES ESER - L]
EHANEREEENBAZES - RAMPTHEAEE - BIHEEERK LS & R (B0 L5
F > AR LFERE AR - FEA R R TAESHBSPHVER - e BAINER - SRR
THOEIIEEMANE - SRk EIE - #EHIILZE R REN 5 R E BRI 3 (U438 HRHE )
KB SRR IE R (BIARRHEY)) © BR TR ERRD R E R B ~ Bt - R HE
ik DURBREVIE ~ SRR ~ PR A RRIAILERRRSY - BRFTRERZ B LISE B RIARIE P i s
RS ¢ 1L5E - R BEEEOY - 28 BT -
EE ~ BRER - BFE - REX ~ B340~ TAE - 2017 - BIARTER BRI B B8 TEH %S

MU - BEMRERIEE32(3):237-49 -

DEEAEEYRIE R ER 1062 R = 155385058 Department of Animal Science and
Technology, National Taiwan University. 50 Lane 155, Keelung Road Section 3, Taipei 106, Taiwan.

DR EESFT 0 1006652 LTHFG G4 53%% Taiwan Forestry Research Institute, 53 Nanhai Rd., Taipei
10066, Taiwan.

YS@EEfE#  Corresponding author, e-mail: hhwang9@gmail.com
201751 H %% 201754 H @ Received January 2017, Accepted April 2017.



238 MR E BB e R

Research paper

Tree Leaf Choice by Formosan Reeve’s Muntjac
in Relation to Nutrient Content

Mei-Fong Lin,”  Sheng-Hsin Su,”  Li-Wen Huang,”
Chien-Wen Chen,” Meei-Ru Jeng,” Hsiang-Hua Wang™”

[ Summary ]

Formosan Reeve’s muntjac (Muntiacus reevesi micrurus) is widely distributed in Taiwan, but
its food selection mechanisms in the wild are still unclear. In this study, the herbivory preferences
of Formosan Reeve’s muntjac to 35 native tree species’ leaves were tested at the Fushan Experi-
mental Forest, northeastern Taiwan. In addition, leaf nutrient contents were analyzed to examine
their associations with muntjac herbivory preferences.

Wild muntjacs at Fushan preferred the leaves with high non-fibrous carbohydrate (NFC)
content and avoided of the ones with high neutral detergent fiber (NDF) content, and particularly
those with high lignin content. However, tree leaves of Symplocos theophrastifolia and Blastus
cochinchinensis, which contained high NFC and low lignin contents, were also avoided by muntjacs.
We also found that tree leaves of 5 Fagaceae species and 6 of 8§ Lauraceae species were avoided
by muntjacs, suggesting that muntjacs might dislike tree leaves with coriaceous texture (e.g.,
Fagaceae) or with strong volatile essences (e.g., Lauraceae). Therefore, in addition to leaf nutrient
contents, leaf physical traits as well as chemical composition like minerals, odorant substances,
and phytotoxins, may also affect the herbivory preference of muntjacs.

Key words: muntjac, herbivory preference, nutrition content, Taiwan, tree leaf.
Lin MF, Su SH, Huang LW, Chen CW, Jeng MR, Wang HH. 2017. Tree leaf choice by Formosan
Reeve’s muntjac in relation to nutrient content. Taiwan J For Sci 32(3):237-49.
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9 (Elacocarpus sylvestris) | T (55— B By
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Table 1. Muntjac herbivory preferences on the leaves of the 35 broadleaved tree species

Herbivory Lifeform Tree species

preference Scientific name Chinese name

Completely ~ Shrub  Oreocnide pedunculata MR

browsed (C)

Tree Diospyros morrisiana, Michelia compressa, LA ~ Sl ~ 35

Elaeocarpus japonicas, Prunus phaeosticta, oo BAEM - InE -
Rhus succedanea, Ficus erecta var. beecheyana, LA ~ VTR
Schefflera octophylla

Partially Shrub  Maesa perlaria var. formosana (82.5%) B HAE(82.5%)

browsed (P)  Tree

Not browsed  Shrub

N)

Tree

Elaeocarpus sylvestris” (95.0%)", Ardisia sieboldii
(80.0%), Glochidion acuminatum (77.5%),
Lindera communis (25.0%), Machilus thunbergii
(22.3%), Lagerstroemia subcostata (6.3%)

Maesa perlaria var. formosana, Blastus
cochinchinensis, Melastoma candidum
Engelhardtia roxburghiana, Machilus zuihoensis,
Pasania hancei var. ternaticupula, Castanopsis
cuspidata var. carlesii f. sessilis, Litsea acuminata,
Cryptocarya chinensis, Symplocos glauca, Sym.
theophrastifolia, Cleyera japonica, Pasania
brevicaudata, Machilus japonica var. kusanoi,
Phoebe formosana, Cyclobalanopsis longinux,
Castanopsis fargesii, Helicia formosana, Ilex
formosana, Machilus zuihoensis var. mushaensis

FH(95.0%) ~ fffT
(80.0%) ~ #HBIH
ROTT.5%) ~ FE
B (25.0%) ~ %L A4
(22.3%) ~ F1LE(6.3%)
IIEESE ~ LA -
LZE )

=HAD > T =)
il ~ JEEERRER - R
BEARE T JERGE
WEE ~ [LFEIT ~ AL
WL~ A~ K3E
KAZERT ~ [LEERR ~ W
1%~ Bl it

Y Elaeocarpus sylvestris was partially browsed in the first-phase feeding experiment and completely
browsed in the second-phase feeding experiment.
* Numbers in parentheses represent the percentage of browsed leaves.



242

BN ke R BB ROGR I GAC R - ER IR RR
5 00 T 12 2 A I R G R D B o e 2
Fioo URNEY T BIL I RAT o 20475 DU — B
Bt BR A B IR AR5 SR Ry 7 A S BEE

T BEREERRSY

ISHERMEZYE TS - MEEER
4.6£1.5% HEHAEERI3.0£2.60% -
MBS REI52142% 0 BHEESER
16.4+£5.6%  KEHFREER16.1£7.8% » K5
HEERBS.5E£3.0%  FEBMHEEBAK LA SRR
29.2+9.7% (Table 2) « HPEHBAECEARAHER+IE
MR+ ARER)NERR4T.TE11.1% » K155
PIE—F  JEHE KL S RS
W93 » HLARRG ~ MR B ROK o GET RIEEZ e
HI21K « T4y ~ NEREAR EYRER LK
BB LR (R 22 SR 2 B 43 701 F5 0.54 ~ 0.48 5
FE FAE AR YRR 3]s - BEBREOR
0.20 ; FHABHG ~ ~FAEAESR - MBAESR - FRMEAETE
AL G YHER R YRR B LR - BEEER
B/ 20.28~0.34

= BEBSRE

3STHLE s BT - BB A Table 2/t
e BB ERMRET - ORI A Y
TE PRy R e A A & P E R 38.2% - R ER
T REBGABR TR o AR 6T E949.5% » D
BH— TR ST R Z20/EE
HIS1.5% o fuAfe PTAH 20 o 1 AR 32 ~ RBAE 38 B
NEZ > TEWRMIEER » HYEHERR
A R 09 & B B A IR R S8 AN IR A
BEKKER  HERNERFEIEEB.9%)H
HIEAE A S IR R 6T BE i R E R P& &
(20.2%) LA B e AR 208 28 R E 32119
FE(18.2%) - MR - MEH ~ KSR -
FEILIFEA AR i 12 R Y 3 Fr i B v B KKy
FEH 0 H5E B HUR Y OFE 5 1y i FRABHE M ik 7k
LEYI(NFC) & & (36.4%) =R Bl 70 HUR Y 67
TER(26.0%) ke 2= N ELREY20TE BE F (26.9%)
(Table 2) = Kruskal-Wallisfg €/ #TEER » R'E
F o~ HPURRRAE - FRRRAL ML A YE 3

MR E BB e R

Y EER 2B HEZE(p = 0.003 »
0.005 ~ 0.03) (Fig. 1) » HEREEESTEIERY)
FEZE Fr R 2= AR -

F RS o AT G SR 0 A = 3k T R
T2.2%HYEEEE 5 Hh s SE—EhRRE42.0% ~ 5
THRTE16.4% « B EIERELS.T% o FHAS A
R A — WA 22 R A1 B AT A
Eit o JEEMEER ALY RILEE BRI
BE P 2 SR AR B — Wil /o b & 8 (Fig. 2) » 8
RIFEERE & & LI R b SR
R o MHEY o PR - RERRERILFEAR
IZHI20FEZE Fr ~ Sy IR 6 R E Fr 2 SR A
H—dhiRa &R (Fig. 2) - BURIIFEAER
ol e A R RE RN - B E
IIFERT ~ ARIRE & B B FEEHE kL
HYEH ~ BARARE & & (Table 2) » HL
FEANANZ A R A o3 AR AR 28 — Wl A2l - B Ak
1| 2 %8 58 Ay T AE SRR EUR 0 3R M RAES
S H R R ok R R F B 2 B (p =
0.013) « CART/F TS REUR » FRAAREHZHE—
K] 7RIV AT 375 22 1 43 56 2 B R BN A W S A
R RS e Ry 11.48% » BRI fRRES]
FEF40% (Fig. 3) - fECARTHYMEKE R »
A2 B b 5658 2 R A A R R (LB IF
TR AR)BERFI Ry T BIR L (ORI%ER] - th
U R L5 52 2 EUA R Tl (B 2 ) Bk H)
By TSEEARIVE ; (NRYER] ; 25 IEE
BRI B R A - AR LA R s
HIAf-(Fig.3) -

&Y

LI i 2R 7 0 e e o 3 Bl A P (B 20
EEFR) R EENIER - S BERRHERZ N
HEAFE I VE R - RITEEE
B rsE s AR E A AR S ZE
IR E ARG TZEE T - REE B ETT
R HE A —E REA AR A B i A A H AR
g RATER B - TR A BEEA R R HE
BHAGRD T o B A - R AR B U
PR RS - HEAILE R SIZE « pANGE - Wl 4



EEPEERIE 32(3): 237-49, 2017 243

Table 2. Leaf nutrient contents (% of dry weight) of the 35 sampled tree species

Sp. . . -

o Scientific name Chinese name  CF* CP* NDF*  h-Cel* Cel*  lignin  ash NFC*
1 Oreocnide pedunculata RN 23 19.8 332 13.6 15.1 45 132 31.6
2 Diospyros morrisiana ILHRL At 6.7 129 437 21.2 15.1 74 4.6 322
3 Michelia compressa BH 2.6 129 482 14.9 22.9 10.4 69 295
4 Elaeocarpus sylvestris AR 33 11.8 442 17.7 152 11.3 30 376
5 Elaeocarpus japonicus B 3.9 12.1 40.1 18.1 12.5 9.5 3.8 40.0
6  Prunus phaeosticta R 5.7 17.0 454 20.1 7.4 17.9 4.7 27.2
7 Rhus succedanea APz 6.0 12.2 29.3 9.6 14.3 55 43 482
8  Ficus erecta var. g 7.8 14.8 29.7 9.5 17.4 28 13.0 34.8

beecheyana
9  Schefflera octophylla PAIE 5.1 13.4 29.9 11.4 8.1 10.4 5.0 46.6

10 Ardisia sieboldii faftc 57 108 505 10.9 214 182 91 239

11 Machilus thunbergii LA 6.1 12.3 65.5 19.5 21.9 24.0 32 13.0

12 Glochidion acuminatum HEEEE 37 178 521 17.5 142 204 46 218

13 Lagerstroemia subcostata =2 34 14.5 31.7 19.2 8.7 3.9 42 46.3

14 Lindera communis TR 3.8 12.2 54.6 11.5 17.0 26.1 30 264

15 Maesa perlaria var. 2 LA 62 191 4238 9.4 51 283 72 248

formosana

16  Engelhardtia roxburghiana  #5iC, 3.6 12.9 55.0 14.3 24.8 15.9 3.1 25.4

17 Machilus zuihoensis i 7.7 10.9 55.4 14.2 14.0 272 43 21.7

18  Pasania hancei var. =34 34 141 627 12.2 255 251 27 171

ternaticupula

19  Castanopsis cuspidata var.  $EEEREFE 43 11.9 58.4 18.1 23.6 16.7 4.4 21.0

carlesii f. sessilis

20 Litsea acuminata EIERE T 5.6 11.5 61.1 17.1 21.7 22.3 3.8 18.1
21 Cryptocarya chinensis JE 2R 4.4 14.7 55.6 12.8 18.9 23.9 2.7 22.8
22 Symplocos glauca HIEE 6.8 12.5 48.4 20.8 15.5 12.1 7.5 24.8
23 Maesa japonica HIEEAE 4.5 123 443 12.6 18.0 13.7 6.4 32.5
24 Symplocos theophrastifolia | LIFEIF 2.8 11.6 30.8 103 12.0 8.5 14.0 40.9
25 Blastus cochinchinensis FEPIAR 4.1 13.9 33.8 7.0 18.6 8.3 6.9 413
26  Cleyera japonica FLRLE 4.1 10.0 50.3 20.6 15.5 14.2 5.7 29.9
27  Pasania brevicaudata F)zev ) 3.8 12.8 71.7 16.5 25.6 29.6 2.7 8.9
28  Machilus japonica var. KIER 53 11.8 55.5 11.9 20.0 23.6 46 228
kusanoi
29  Phoebe formosana et 33 14.0 58.7 21.8 16.1 20.8 4.4 19.6
30 Melastoma candidum P 3.1 12.0 37.1 14.0 10.0 13.1 9.1 38.8
31 Cyclobalanopsis longinux lERE 4.1 14.1 59.8 225 25.7 11.7 3.1 19.0
32 Castanopsis fargesii KRR 4.9 63 495 17.6 15.1 169 29 366
33 Helicia formosana 1LFEAR 23 8.3 483 17.5 18.2 12.6 6.7 343
34 llex formosana K 43 14.0 50.9 143 6.1 30.5 5.5 254
35 Machilus zuihoensis var. FEiAEfE 6.1 11.1 41.8 10.7 14.5 16.6 4.0 37.0
mushaensis
Mean 46 130 477 152 164 161 55 292
SD 1.5 2.6 11.1 42 5.6 7.8 3.0 9.7

* Abbreviations of nutrient contents are as follows: CF, crude fat; CP, crude protein; NDF, neutral
detergent fiber; h-Cel, hemicellulose; Cel, cellulose; NFC, non-fiber carbohydrates.
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Fig. 1. Significant differences in leaf nutrient co

ntents among tree species groups with

different muntjac herbivory preferences (p = 0.003, 0.005 and 0.03, respectively; Kruskal-
Wallis test). The species groups C, P, and N denote completely browsed, partially browsed,
and not browsed tree species, respectively. The three panels illustrate: (a) non-fiber
carbohydrate (NFC), (b) neutral detergent fiber (NDF), (¢) lignin.
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NE RS S ES I RY(Deguchi et al.
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B A 2D RYI(Sauvé and Coté 20006,
Dostaler et al. 2011) » (HERIFFEEHEEF

W ARFHEGZNRENEGRERNREY

(Bertesux et al. 1998, Sauvé and Coté 20006) »
FERFHNEZ MR EERIRY)(Bertesux
et al. 1998) » b —HU A SR T PR LR B
(optimality model of food selection) » {HZRHHJf
Ffat > RYNERHSRRORESREE
V5] ) B8 1 6 S B 2% (Littlefield et al. 2011) o
BHHREERE (roe deer)AUMFZERIREN - REE R
AETHEEERRNARY  REAHSES
(I [ £ A B (Tixier 1997) o FEARKHSE
o IR ERIEEM IR AL EY) & RS E
B AERPEEHESERNNER - THE
NERSEENZER - 55 AW LR
WroERsR - RE L ERIEEM IR EEY
SERANRY) > FEREHESEARNERY
AW HE— S BIAE R E R eI RE
FRWEERY - R ERERIAERA
SHMLERTZER - LU - 2gPEE
VIR R B9 o3 (R T - TR HLA R o BT AL R
(Morimoto 1989, Masuko and Souma 2009) -
HEARILTE S RANE RS BAK - FEMHE TR
KMeaYiaErmER - AMADEMIIERE
R BAEAERE® - SIEEAETER K
Es/kes = COlyIAC LIRS Sk oA NRE S
) BURER T ER RS RER B K
A - SRR (IS s A AP E Jap i f
ROEEE o JRAh - R R R SHER L RHE
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Fig. 2. Principal component analysis (PCA) biplot of the 8 leaf nutrient contents and 35 tree
species (axes 1 vs. 2). The species groups C, P, and N represent completely browsed, partially
browsed, and not browsed tree species, respectively. Leaf nutrient contents significantly
differed among the 3 species groups (p = 0.013; permutational MANOVA). The corresponding
species for each species number and leaf nutrient for each abbreviation are given in Table 2.
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Fig. 3. Classification and regression tree analysis (CART) of muntjac herbivory preferences
in relation to leaf nutrient contents. The lignin concentration was the most important single
variable discriminating completely browsed (C) and not browsed (N) tree species groups.
In each node, the bold numbers from left to right represent numbers of not browsed,
partially browsed, and completely browsed species allocated to the node, while numbers in
parentheses represent the percentage of total species.
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o REME - E - T L) - ZBINE
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FHEARERE - BIRE RS & m s
FVE R KA FHE LB EAE (Mc Arthur
et al. 1991, 1993, Littlefield et al. 2011) » %}
FH(phenolics) ~ ks (terpenes) S X # Y
Bl R A 5 1 e vk S S AR (Tixier 1997,
Hernandez-Ordufio et al. 2012) » €22 )Y
R EE (Tason 2005) 5 B R AYRG P s
(tannin)BEEE LIRS & » REAEEE I AAYTE % -
A B E BB 5 B (Freeland and
Janzen 1974) o BN 15 22 18 Bl G 5 (0 AR B A A
REE  FAMNHEEREIHRESENE
fIIE{L(Lai et al. 2011) » BEISMEF# RS E [ 39
HAB) V) R A A R 43I 0 Sauvé et al.
(006)FEHHEEERESESERDAIBIEER
/Mg » fHLittlefield et al. (2011)fFFZEFEH »
RYIWNWESE S &HOEBEE R EGI A F/EH
BRI AER 1 « SETE o BRI B A — SRk
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BITEAL B - AT DURRAE B SE S i L S P R
B W IR 45 (Tixier et al. 1997, Littlefield et
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A AHS & B MR YR 8 M (salivary proteins)
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ERE - EHANEEES RN T 2GR
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ERARER - RRILEERBARER RS
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TR T LB E -

P T HES - RV RK K BEY T H
RGP BEREY Y #E (Everitt
and Gonzalez 1981, Elliott and Loudon 1987,
Vourc’h et al. 2002, Olguin et al. 2013, Ceacero
et al. 2015) o Bl & WK AH B (1 $6 28 1R 0 1 ~ 1
WILEMERES  HERHK I REERH
HEMERBY RN S IR - BT E
(red deer) ¥ PiRFHER (Picea sitchensis) k%
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and Gonzalez 1981) » FBEZHIMES A 1P
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