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Research paper

Effects of Exclosure to Prevent Browsing from Formosan
Sika Deer (Cervus nippon taiouanus) on the Regeneration

of Seedling Communities in the Kenting Karst Forest

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

The reintroduced Formosan Sika deer has caused severe impacts to the regeneration of forest
vegetation in the Kenting Karst Forest. The impacts of deer herbivory were studied by comparing
the dynamics in species richness and natural regeneration of seedling communities in an exclosure
plot (890 m®) vs. an unfenced control plot (850 m’) in the vicinity. We also planted seedlings of
12 tree species prone to deer damage in both plots. During the 2-yr investigation period, the spe-
cies richness and abundance of large-sized (height > 10 cm), middle-sized (height < 10 cm), and
emerging seedlings in the exclosure plot all increased. On the other hand, large- and middle-sized
seedlings in the control plot decreased, with only emerging seedlings increasing. In the control
plot, the abundance of large- and middle-sized seedlings that were highly preferred by Formosan
Sika deer were more greatly reduced compared to lower-preference seedlings. However, in the
exclosure plot, amounts of higher-preference seedlings of all size classes increased. Values of the
Shannon-Wiener index (H’) and Simpson’s index of species diversity of large-sized seedlings in-
creased in the exclosure plot, but both indices decreased in the control plot. This study found that
the browsing pressure of Formosan Sika deer on seedling communities had lowered to individuals
of < 10 cm in height. The browsing preferences of various tree species in the karst forest were sig-
nificantly related to the preferences obtained in previous artificial feeding tests. Planted seedlings
in the control plot were severely browsed within a short time, and only 2 species had 3 seedlings
survive. While in the exclosure plot, 120 seedlings of 11 species survived. Therefore, the value of A’
of large-sized seedlings increased from 2.51 to 2.90 in the exclosure plot. In conclusion, exclosure
treatment increased the species richness of the seedling community and promoted natural recruits.
Natural regeneration of tree species that are highly preferred by Formosan Sika deer will be ham-
pered if there are no fences for protection. Abundances of these 3 sizes of seedlings had increased
3.4-times 2 yr after establishing the exclosure plot. This showed that the recovery rate of the seed-
ling community was relatively fast.

Key words: browsing preference, exclosure plot, natural regeneration, seedling community, species
diversity index.
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Fig. 1. Study site located on the Hengchun Peninsula of southern Taiwan (A). The exclosure plot
and control plot were adjacent to the Kenting Karst Dynamic Plot (B). View inside the exclosure

plot showing the valley habitat (C).
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Table 1. Distribution habitats, shade-tolerence levels (ST level), palatability by dear (Pal.),
and planted individual of seedlings of vulnerable tree species in the exclosure and control

plots in Kenting Karst Forest

. . Pal. Planted individuals
Species Habitat ST level
(%) Exclosure  Control

Antidesma pentandrum (F5EH12) Ridge " Tolerant > 100 23 12
Bischofia javanica (51i%&) Ubiquitous Intolerant 28 23 11
Champereia manillana (111#) Ridge Tolerant 73 34 12
Cryptocarya concinna (11#) Valley Tolerant 17 22 12
Dendrocnide meyeniana (% X)) Ubiquitous Intolerant 100 24 12
Diospyros maritima (/i) Ubiquitous Very tolerant 74 43 22
Dracaena angustifolia (AT MHL) Valley - 99 24 14
Drypetes littoralis (§51) Ridge Very tolerant 48 28 15
Melanolepis multiglandulosa (55R) Valley Very intolerant 92 25 12
Planchonella obovata (185 Ridge Mid-tolerant 47 20 12
Palaquium formosanum (KEE[LIFE) Ubiquitous Mid-tolerant 97 22 13
Reevesia formosana (Z1E MR Valley Tolerant 0 29 12

" Reported by Wang et al. (2004); ” Reported by Kuo et al. (2021); * Reported by Yeh et al. (2021).
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Fig. 2. Species richness (A) and abundance of individuals (B) of large-sized, middle-sized,
and emerging seedlings in the exclosure and control plots at the first (Apr. 2019) and last (Feb.

2021) censuses.
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Fig. 3. Values of the Shannon-Wiener index of large-sized (A), middle-sized (B) and emerging (C)
seedling communities in the exclosure plot —e—) and control plot (---©---) at each census.
Values of Simpson's index are shown in (D)~(F) in the same order of the 3 seedling categories.

HHIRE K S R R
BB A S R AR - BBL265H A
HY127E » FHOSHREMERES & - Horh g o il
5 A SE EE (BF)#E3%0.50 (Table 3) o 7ESE15
FER(BR)S1H » BREUA Ry 100%% Ry FiAb(Celtis
formosana) fe e 0o Hl 0 T KZEM (Machilus
Japonica var. kusanoi) ~ 2% (Koelreuteria
henryi) ~ A% B(Glycosmis citrifolia) ~ JREENS
(Ficus irisana) ) BREUERIFEI5~80% ; AMH
14480 K P B R PR 52 2 R g B (Table 3) - &
FEARGHAR 23R HPBFEUE R 1.008 5

L - HS sk E A R4k
I 11 RS A 6 R A B 2 R A IR ST R Mk A A
FEnS & HE 4R FAE SR E R R
(Table 3) o FEAX P A RFHGIERE S R IR 21
+ VL& (Excoecaria formosana) ~ /N ARE
F(Neolitsea parvigemma) ~ /NERT (Ardisia
quinquegona) > FL58 ~ KL (Adrdisia sieboldii)
SRR K - HBREUEITRO0 » Ivlev'si#
R8T K-1.00 (Table 3) » BURMGERERYENERAT
Fo B HERHE Se At o SR 4K A E IR A
A 13FERY Iviev s B FEFE B 0.70 - AARMIE
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Table 2. Dynamics of abundance in large-sized seedlings in the exclosure plot and control plot
at each census. CR denotes the changing ratio of individuals between the 1* and 4" censuses.
Italicized numbers denote the CR between the 2" and 4" censuses. Species preference levels
follow Ivlev’s index in Table 3 or else follow feeding tests reported by Yeh et al. (2021)

Species Exclosure plot Control plot
o2 3¢ 4" CR oo2® 3 4™ CR

Less preference

Aglaia formosana 9 76 68 64 -0.29 48 49 47 40  -0.17
Gonocaryum calleryanum 57 50 18 16 -0.72 0 0 0 0 -
Excoecaria formosana 30 32 31 41 0.37 274 275 283 282 0.03
Neolitsea parvigemma 0 1 0 0 -1.00 4 4 3 1 -0.75
Ardisia sieboldii 7 7 7 9 029 35 32 31 28 -0.20
Cryptocarya concinna 1 1 1 1 0.00 8 7 8 6 -0.25
Arenga tremula 0 0 1 0 - 0 0 0 0 -
Litsea hypophaea 0 0 0 1 - 1 2 2 1 0.00
Swietenia macrophylla 0 0 0 1 - 0 0 0 0 -
Maesa perlaria var. formosana 0 0 0 0 - 36 27 28 29 -0.19
Ardisia quinquegona 0 0 0 0 - 2 2 2 2 0.00
Croton cascarilloides 0 0 0 0 - 21 18 17 14 -0.33
Mid-preference

Diospyros blancoi 121 121 114 107 -0.12 17 112 112 109 -0.07
Diospyros maritima 25 24 25 27 0.08 7 7 7 8 0.14
Machilus japonica var. kusanoi 7 6 7 10 043 13 15 10 2 -0.85
Drypetes littoralis 5 6 10 17 240 0 0 0 0 -
Sapindus mukorossi 4 0 0 0 -1.00 3 0 0 0 -1.00
Liodendron formosanum 1 2 3 3 200 0 0 0 0 -
Bischofia javanica 0 8 2 8 0.00 0 0 0 0 -
Murraya exotica 0 0 1 1 - 0 0 0 0 -
Leea guineensis 0 0 1 1 - 1 0 0 0 -1.00
Crateva adansonii subsp. formosensis 0 0 0 1 - 0 0 0 0 -
Diospyros eriantha 1 1 1 1 0.00 1 1 1 1 0.00
Planchonella obovata 0 0 0 0 - 1 0 0 0 -1.00
High preference

Melicope semecarpifolia 6 5 4 4 -033 11 10 10 4  -0.64
Glochidion philippicum 4 4 4 6 050 23 39 34 26 0.13
Beilschmiedia erythrophloia 1 1 1 1 0.00 2 2 1 1 -0.50
Koelreuteria henryi 2 2 2 1 -0.50 8 2 0 0 -1.00
Celtis formosana 1 2 2 3 200 3 3 2 1 -0.67
Dendrocnide meyeniana 1 2 3 6 5.00 1 1 1 0 -1.00
Ficus septica 0 4 5 6 050 1 1 1 1 0.00
Palaquium formosanum 6 7 17 26 333 1 2 1 1 0.00
Champereia manillana 0 1 1 4 3.00 2 2 2 1 -0.50
Ficus irisana 0 1 0 0 -1.00 2 2 1 0 -1.00
Macaranga tanarius 1 2 2 2 1.00 0 0 0 0 -
Melanolepis multiglandulosa 1 2 2 2 1.00 0 0 0 0 -
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Fig. 4. Species rank-abundance curve of large seedlings in Apr. 2019 (A), large seedlings in
Feb. 2021 (B), middle-sized seedlings in Apr. 2019 (C), and middle-sized seedlings in Feb. 2021

(D) in the exclosure plot (A) and control plot (0).

G 20 {58 SR

R WA RS B A

B N B IREEMR20194E5 H 43 AU F
317 ~ 1598k B MR AE E NS & fl 5 R A 1 2 Fe B
A o FRMERE6 d (1 wk)BHIRERE A8 (0 ke 1
M$% (Dracaena angustifolia) 7 HEEEEIGE » %
MEEER  ZR2ERMAE RO E
38% - i [ B Ak T AR F 45 2 Wf7 3% (Table 4) ©
HAE24 whf B BB T =08 M JE AT O AR A 2 B
TR MR EA TR B  WARFEY
FRCHCEE2% - HEGE R ERER3%
(Table 4) o FRIH9 mot% » [EIEERE @ AR 295
FrRETEEREy53% » T E IR Fy2 % + Reff21
mof% » B EREEIECRESEEI8
HA R R K2R R R 12

TR B U5 A LR - BH1208% - SRS
RFe38% » HAREHE ~ BOH ~ M - 8
o~ B ITEEE> 50% » ARifi » A4 > 1L
WA > s PRIGTFE R AH4~12% (Table 4) «

SE

5 AL S R e e v O PR A R

% [ P M AR A R St bk -
BB HEFRF R AR EH AU SE R EAE - GIFERE
axE E R KR R B R - B R
1 P T S e 2 M o v S M TR
(Habeck and Schultz 2015, Lu 2018, Ramirez et
al. 2019) - {HLA IR BB S A
B KR ER AR R - (TS IR R
E(Kumar et al. 2006, Nishizawa et al. 2016) -
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Table 3. Abundance of individuals (Ind), browsed individuals (B-ind), mean browsing rate
of browsed individuals (BR, %), and browsing frequency (BF) of large-sized seedlings on
the 2" and 4" censuses in the control plot. Values of Ivlev’s index of large-sized seedlings at

the 4" census are provided

2™ census (Oct. 2019)

4" census (Feb. 2021)

Species . ) Ivlev’s
Ind B-ind BR BF Ind B-ind BR BF .
index

High preference
Trichodesma calycosum 4 4 48 1.00 2 2 98 1.00 0.81
Koelreuteria henryi 2 90 1.00 0 - - - -
Celtis formosana 3 1 100 0.33 1 1 100 1.00 0.81
Melicope semecarpifolia 10 8 78 0.80 4 4 89 1.00 0.79
Clausena excavata 2 1 50 0.50 1 1 90 1.00 0.79
Beilschmiedia erythrophloia 2 0 0 0.00 1 1 80 1.00 0.77
Ficus irisana 2 1 80 0.50 0 - - - -
Glycosmis citrifolia 19 10 80 0.53 10 9 79 0.90 0.74
Glochidion philippicum 39 18 38 0.46 26 23 67 0.88 0.70
Champereia manillana 2 0 0 0.00 1 1 60 1.00 0.70
Ficus septica 1 0 0 0.00 1 1 60 1.00 0.70
Dendrocnide meyeniana 1 0 0 0.00 0 - - - -
Palaquium formosanum 2 0 0 0.00 1 1 60 1.00 0.70
Mid-preference
Diospyros eriantha 1 0 0.00 1 1 50 1.00 0.66
Machilus japonica var. kusanoi 15 95 0.13 2 2 45 1.00 0.62
Diospyros maritima 7 2 100 0.29 8 3 75 0.38 0.46
Diospyros blancoi 112 48 47 0.43 109 60 44 0.55 0.40
Less preference
Litsea hypophaea 2 0 0 0.00 1 1 10 1.00  -0.02
Cryptocarya concinna 7 0 0 0.00 6 1 30 0.17  -0.35
Excoecaria formosana 275 1 40 0.00 282 0 0 0.00  -1.00
Aglaia formosana 49 0 0 0.00 40 0 0 0.00  -1.00
Maesa perlaria var. formosana 27 0 0 0.00 29 0 0 0.00  -1.00
Croton cascarilloides 18 0 0 0.00 14 0 0 0.00  -1.00
Neolitsea parvigemma 4 0 0 0.00 0 0 0.00  -1.00
Ardisia quinquegona 2 0 0 0.00 2 0 0 0.00  -1.00
Ardisia sieboldii 32 0 0 0.00 28 0 0 0.00  -1.00
Total 640 98 571 112

AW TR B LA 101 H ok - [ AR I — T
B AN YIS - SRR EX
P B Y IR B I ) (Fig. 2A) - fEE R
T AR Y B P Y 3 28 - R B
H RE22H (Table 2) » H o Ko £ EREE Y

EIMHIEIN960 ~ 330% (Fig. 2B) - HffitRE

EE)
=X

A p i R SR A 12~ 37% 0 (1
QL ECSE E S e R BN B RS-
R BT 2R B S BN 65 % « A BF S A 18 B & 72
AR A T P8 2B B O WO R B R R B R S I - [
W1 AERRMOE 1 S BERIAR DL T - 3 2 R A
FIRSEEAT T o EERE AR E LR R
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Table 4. Seedling mortalities and leaf retention rates of planted species in the exclosure
plot and control plot at various periods after planting. # leaves denoted initial total leaf
abundance of each species
Seedling mortality (%) Leaf retention rates (%)

Species” 1 2 7 24 9 21  #leaves 1 2 7 24 9

wk  wk wk  wk mo mo wk wk wk wk  mo

Exclosure plot
Antidesma p. 0 9 22 35 39 39 65 100 92 75 69 65
Bischofia j. 0 0 13 52 74 96 131 100 100 83 48 25
Champereia m. 0 0 29 71 71 88 91 100 100 69 27 27
Cryptocarya c. 0 9 41 59 59 59 49 100 91 60 44 44
Dendrocnide m 0 33 75 88 92 92 75 100 76 35 17 9
Diospyros m. 0 0 14 21 23 228 100 100 93 85 79
Dracaena a. 0 0 13 13 33 75 100 100 92 87 87
Drypetes . 0 0 25 29 25 25 321 100 100 69 68 69
Melanolepis m. 0 16 56 80 84 96 54 100 93 49 17 14
Palaquium f. 0 0 14 23 23 41 64 100 100 89 75 75
Planchonella o. 0 0 5 45 50 70 43 100 100 98 47 45
Reevesia f. 0 28 79 100 100 100 61 100 74 24 0 0
Mean 0 8 31 50 53 62 - 100 96 73 58 53
Control plot

Antidesma p. 0 0 25 67 75 92 27 100 100 57 24 15
Bischofia j. 18 27 100 100 00 100 53 69 36 0 0 0
Champereia m. 33 42 92 100 100 100 33 64 52 6 0 0
Cryptocarya c. 17 33 67 75 100 23 91 78 61 35 26
Dendrocnide m 17 92 100 100 100 40 93 75 1 0 0
Diospyros m. 36 41 77 91 100 100 109 25 24 6 2 0
Dracaena a. 86 86 86 100 100 100 55 8 2 0 0
Drypetes 1. 93 93 87 87 87 87 180 0 2 2 1
Melanolepis m. 50 58 75 100 100 100 30 47 33 5 0 0
Palaquium f. 38 54 77 100 100 100 41 29 23 8 0 0
Planchonella o. 50 58 67 100 100 100 28 54 39 32 0 0
Reevesia f. 8 42 83 92 100 100 23 91 70 17 0 0
Mean 38 46 75 92 96 98 - 37 29 9 3 2

" Refer to Table 1 for species full scientific name.

Wb o S REERERERNEN =
T Re Ul 8t e VR R Y S e R
S [ T s e FH bR Mg fE BRI B A D 3+ S
TE R S TR R -

TE AR RS A 7 T A T 7 2% TR Y
KBRS S » BIAREE LS -~ | 5
B YIA ARG N20 ~ 12~ 118R » M4 ~ B
W5 (Ficus septica) ~ B AM) ~ &R (Pisonia

umbellifera) ~ [LUAMAIRG IN4~8k K » SHHME
147 f% 3 & J 197 5 1 ~3 0k K i (Table 2) - 38
SERREHT R - HEMIR S BRI RS
BRRIMAC 5 R - A4~ R - R AS R E
R PRI M (Kuo et al. 2021) » HHHER
FsE AR R m R K o [ & SR AN K Bk
BRI ERI (Diospyros blancoi) ~ {158 ~ FiiZE

e i

RIRE » A I AR B R 2K - "IRE
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Fig. 5. Increment of individuals of the 3 size-classes of seedlings for species of lesser
preference (A), mid-preference (B), and high preference (C) in the exclosure and control plots
between the first and last censuses. Values in the figures denote the decreasing percentage of
large- and middle-sized seedlings in the control plot.

TERHE N T E R R o SO A R B Y
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o BEARNE R L ERT RIS o (IR
RE R e - fEOUE IR RARRI MR T B Hr
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Fig. 6. Relationship between values of species Ivlev’s index of large-sized seedlings in the
control plot at the 4™ census (Feb. 2021) and values of Ivlev’s index of the same species

reported by Yeh et al. (2021). * p < 0.05.
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