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ABSTRACT   The Dafen oak forest in the Yushan National Park is an important 
habitat for endangered Formosan black bears (Ursus thibetanus formosanus). The 
phenology and acorn production of the dominant ring-cupped oak (Cyclobalanopsis 
glauca) greatly influence bear activity. The objective of this study was to understand the 
phenology, structure and composition of the oak forest, and to evaluate its succession 
stage. We recorded 117 woody species of 56 genera from 31 stands. The differentiation 
of forest vegetation types was influenced by altitude, direct light sky space, slope, and 
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topography. Two-way indicator species analysis revealed 3 types: Lithocarpus harlandii
Embelia lenticellata, Rhododendron latoucheae Quercus stenophylloides, and 

Glochidion rubrum C. glauca. The third presented the primary vegetation type, and 
was further divided into 2 subtypes, i.e., Cinnamomum insulari-montanum–C. glauca
and Rhododendron oldhamii–Pinus taiwanensis. Sprouting in ring-cupped oaks was 
prevailing (65% of the trees), with an average of 5 (S.D. = 3.8) sprouts. A population 
structure analysis indicated that sprouting was the main strategy for forest regeneration.  
Additionally, because of the locally dry climate, numerous foraging activities of wildlife, 
we supposed that it may be difficult to replace the intolerant trees, ring-cupped oak, with 
other species. Thus, the main forest type may tend to maintain stable or the status quo.  
However, we suggest further study on the impact of the predation pressure on acorn and 
seedling by abundant herbivores on the forest regeneration.   
Keywords: Fagaceae, Ursus thibetanus formosanus, acorn, phenology, Cyclobalanopsis 
glauca, sprout 

(Fagaceae) 9
900 (Judd et al. 1999)

(Abrams 2002 McShea 2002)
(nut)

(Gray 2001)

(Kirkpatrick & Pekins 2002)
(Ursus thibetanus

U. americanus)
(reviewed by Hwang et al. 

2002)
(Mattson 1998 Vaughan 

2002 Costello et al. 2003 Hashimoto et al. 
2003 Garshelis & Noyce 2008)

(Ellison et al. 2005)

(McShea et al. 2007)

(Schupp 1990 Johnson et al. 2002)

(Healy et al. 1997 Kelly 2002 Rodewald 
2003 Stiling et al. 2004 McShea et al. 2007)

Flora of Taiwan (Liao 
1996) 58 7

(Fagus)
(Castanopsis) (Cyclobalanopsis)
(Lithocarpus) (Limlia) (Pasania)

(Quercus)
Cyclobalanopsis Quercus Quercus

(Soepadmo 1972)
(Lauraceae)

(Su 1984)
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2,300 m
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(U. thibetanus formosanus)

90%
(Hwang et al. 2002)

(Hwang et al. 2002 Hwang 2003
Hwang and Garshelis 2007)

    (1994)

( )

(  2000) (
2004)

( 23°22' 25'' 47 121°05' 21'' 49)

40 km
1,100–2,000 m

(  2005)

(  1987) 2007 10

889 mm 16.9 ± 
3.5 (mean ± standard deviation) 6

8 21
32.0 12 2

11–13 3.3
82%–93%

86.6 ± 3.1 %(  2008)

8
0.5–1 km

5 km (
 2007)

4–6 10 cm
45

(2004) 7

2

1. 
    
1,200–1,700 m

(multiple-plot method)
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1. 31

31 ( 1)
2 10 m×10 m (
1983)
2. 

(DBH) 1 cm

DBH 1 cm ( )

4
1–10 1 1-2

2 1%
3 1–4% 4 4-10% 5 11–25%

6 26–33% 7 34-50% 8 51–75% 9 76–90%
10 91–100% (Curtis & McIntosh 1951)

(1987) 7
(Garmin GPSmap 60CSx)

3
(Azimuth 

angle) Day & Monk (1974)
16

(1–16 ) 1
(SSW) 16
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(NNE) (stoniness)
8

1–100% (whole light sky space
WLS) (direct light sky space DLS)

(1985)

(topography)
1–5

3. 

(Phytosociological parameter)
(Important value index IVI

Curtis & McIntosh 1951)
IVI (density) (frequency)
(dominance)

 ( /m2) = 
/

 (%) = /
 × 100 

 (%) = 
/  × 100 

 (%) = /
 × 100 

 (cm2/m2) = 
/

 (%) = /
 × 100 

 (%) = /
 × 100 

 (%) = /
 × 100 

 (IVI) =  + 
 + 

( 100)
IVI 300 IVI 100%

(Octave scale)

1–9 (Gauch 1982)
PC-ORD 4.17

(McCune  Mefford 1999)

(1)
(Vegetation classification)

(vegetation 
type)

(2) (Gradient analysis)
(Ordination)

(ordination)
(Detrend correspondence analysis, DCA Hill

1979))
(Cannonical correspondence 

analysis, CCA Gauch 1982)

(Pearson correlation coefficient)
(Two-way 

indicator species analysis TWINSPAN)
(Table

arrangement)

—
( 1983)

1/3 5
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Simposon
(Odum 1975) Shannon-Winner
(Shannon & Weaver 1963)
(Evenness index Pielou 1966)

 (Daubenmire 1968)

(Knowleds & Grant 1983)

(DBH)

    3 7 4
4

8 10 5–7
( 1) 4–5

4–6
2007

96% 5
8 9

10
11 2 12

80%
1 (33%) 2

(2%) ( 1)

1. 2007 6 2008 5 (n=45 )
(%)

2007  2008

a 6  7  8  9 10 11 12 1 2 3  4  5

 4.4 2.2 0 0 0 0 0 0 0 8.9 100 0 

 60 17.8 2.2 0 0 0 0 0 0 0 57.8 2.2

 95.6 86.7 22.2 8.9 6.7 0 0 0 0 0 6.7 100

 26.7 0 0 0 0 0 0 0 0 0 42.2 88.9

 0 0 0 0 0 0 0 0 0 0 7.8 88.2

 20 46.7 73.3 80 95.6 95.6 62.2 0 0 0 0 77.8

 0 0 0 0 0 13.3 80 33.3 2.2 0 0 0 
a
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1. 
31

53 83 108 49
83 ( 24

)
 (67%) 10%

 (44%) (Glochidion rubrum)
(44%) (Viburnum luzonicum) (26%)

(Rhododendron oldhamii) (19%)
(Cinnamomum insulari-montanum)

(12%) (Rhus succedanea) (12%)
(Alnus formosana) (11%) 10 /100 

m2  (24.7)
(18)

35.3 22.7 cm2/m2 ( 5)
IVI  (27%)

 (20%) 11%
30%

(Carex brunnea)  (66%)
(36%) (Lemmaphyllum carnosum)

(31%)  (18%) 5–10%
(Oplismenus compositus)

 (Lemmaphyllum carnosum)
 (Dryopteris varia)  (Nephrolepis 

cordifolia)

DCA

0.487 0.329 0.207
3.619 3.205 2.075

( 2)

( 2)

2. 31
DCA

DCA

2 3
29 (

2)
CCA

0.327 0.266 0.133( 3)

Monte Carlo
(P 0.05)

(r = 0.749
0.375) (r = -0.618)

(r = 
0.394 0.548)

( 3)

(Eigen value) (SD) (Eigen value) (SD)

0.487 3.619 0.482 3.608

0.329 3.205 0.346 3.223

0.207 2.075 0.214 2.117
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2. 31 DCA

3. CCA 31
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3. 31
CCA

Monte Carlo
   

0.901 0.887 0.869 

 0.327 0.266 0.133 

P  0.02  0.005  0.9 
a     

 - 0.165 - 0.09 0.21 

 0.618  0.026 0.239 

 0.375  0.394  - 0.486

 0.121 - 0.185 0.137 

 0.749  - 0.202 0.266 

 - 0.072 0.548  0.182 

 - 0.172 0.38 0.106 

a (Pearson correlation 
coefficient) *: P 0.05

2. 
TWINSPAN DCA

3 ( 4) 1
– (Lithocarpus 

harlandii–Embelia lenticellata type ) 2
– (Rhododendron 

latoucheae–Quercus stenophylloides type) 3
– (Glochidion rubrum–C.

glauca type) 1
–

2 (subtype) –
(Cinnamomum insulari-montanum–C. glauca)

– (Rhododendron 
oldhamii–Pinus taiwanensis )
(1) —

2 1,535 
m 48%

(Viburnum 
parvifolium) (Acer rubescens)

(Alnus formosana) (Eriobotrya 
deflexa) (Prunus camjpanulata)

(Maesa perlaria var. formosana)
(Viburnum luzonicum)
(Carex brunnea)

(Rubus formosensis)
(Asplenium incisum)
(2) —

3
1,602 m 20°

58% (Gordonia axillaris)
(Sinopanax formosanus)

(Quercus globosa) (Vaccinium 
randaiense)

(Lepisorus 
thunbergianus)
(3) —

31
2 3

1,218–1,645 m 18 ± 
10.2° 64.2 ± 6.8%

—
21 ( )

1,386 ± 109 m (62%)
17.2 ± 10° 63.2 ± 6.8%

(Litsea hypophaea)
(Deutzia pulchra)

(Debregeasia orientalis) (Spiraea 
prunifolia) (Pistacia chinensis)

(Acer albopurpurascens)
(Cephalotaxus wilsoniana) (Diospyros 
japonica) (Pinus morrisonicola)
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4. TWINSPAN

A         B       C
         B1   B2   

0  1 1 2 1 0 0 1 1 0 1 2 1 2 2 2 0 0 1 2 2 1 3 0 1 2 2 2 3 0

2  6 9 2 1 1 7 0 2 4 3 9 9 8 0 3 8 6 8 4 5 6 5 1 5 7 1 4 7 0 3
                

 -  - - 5 - - - - - - 4 - - - - - - - 3 4 3 5 - 3 - - - - - - -
 3  - - - - - - - - 4 - - - - - - - - - - - 3 - - - - - - - - -

 3  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
 4  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
 6  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

 7  - - - 3 - - - - - - - - 4 - - - - 6 - - 5 - - - - - - - - -

 -  - - - - - - - - - - - - - - 3 4 - 3 - 3 - - - - - - - - - -
 -  - - - - - - - - - - - - - - - 4 - - - - - - - - - - - - - -

 -  - - - - - - - - - - - - - - - 4 - - - - - - - - - - - - - -
 -  - - - - - - - - - - - - 5 5 3 4 - - - - - - - - - - - - - -
 -  - - - - - - - - - - - - - - - - - - - 4 - - - - - - - - - -

 -  - - - - - - - - - - - - - - - - - - - - 3 - - - - - - - - -
 -  - - - - - - 5 4 - - - - - - - - 4 - - - - - - - - - - - - -

 -  - - - - - - - - - - 6 - - - - - - - - - 7 - - - - - - - - -
 -  - 6 6 7 6 4 5 5 - - 5 - - 5 5 6 - - 3 4 - - - - - - - - - -

 -  - 5 - - - - - - - - - - - 4 - - - - - - - - - - - - - - - -
 -  - - - - - 6 7 - - 4 - - - - - - - - - - - - - - - - - - - -

 -  - - - 3 - - - - - - - - - - - - - - - - - - - - - - - - - -
 -  - - 3 3 - - - - - - - - - - - - - - - - - - - - - - - - - -

 -  - - 6 - - - - - - 6 - - - - - - - - - - - - - - - - - - - -
 -  - - - - - 5 3 - - - - - - - - - - - - - - - - - - - - - - -

 -  - 4 - - - - - - - - - - - - - - - - - - - - - - - - - - - -
 -  - - - 3 5 - 6 - - - - - 4 - - - - - - - - - - - - - - - - -
 6  - - - - - - 4 - 5 - 5 - - - - - - - - - - - - - - - - - - -

 -  - - - 4 5 4 5 4 6 5 5 - 4 - 3 5 - 3 4 - - - 5 4 - - - 4 - -
 -  - - 5 5 3 6 7 4 - - - - - - - - - - - - - - - 4 - - - - - -

                

A — B — C — B1
— B2 —
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4. TWINSPAN ( )

A         B       C
         B1   B2   

0  1 1 2 1 0 0 1 1 0 1 2 1 2 2 2 0 0 1 2 2 1 3 0 1 2 2 2 3 0

2  6 9 2 1 1 7 0 2 4 3 9 9 8 0 3 8 6 8 4 5 6 5 1 5 7 1 4 7 0 3
                

 6  - - - - 4 - 4 - 4 5 - - - - - 5 4 4 3 4 - 4 3 - - - - - - -
 -  - - - 4 - 6 - - - - 5 - - 4 5 - 5 - - 3 6 - - - - 4 4 - - -

 -  9 8 8 7 8 6 7 8 8 8 8 8 8 6 8 6 8 6 8 7 7 7 6 8 6 5 6 6 8  -

 3  5 7 7 6 5 6 5 5 - 5 - 6 6 7 6 7 6 6 6 7 6  - 3 3 4 3 6 4 4  -

 -  - - - 5 - 8 - 7 8 7 6 8 6 8 7 8 7 8 7 6 - 6 6 8 7 8 7 7 7 7

 5  - - 4 - - - - - - - - - - - - - - - - - 4  - - - 7 - - - -  -

 4  - 4 - 6 4 4 3 - 5 3 - - - 5 6 5 - 7 6 5 4 6 7 3 5 4 - - 7 4

 -  - - - - - - - - - - - - - - - - - - 4 - -  - 4 - - - - - -  -

 7  - - - - - - - - - - - - - - 5 4 - 3 4 - - 5 7 - 6 - 5 4 -  -

 -  - - - - - - - - - - - - - - - - 3 - 4 7 6 8 4 4 5 5 8 7 - 7

 -  - - - - - - - - - - - - - - 4 - - - - - 4  - - - - - - 7 4 6

 -  - - - - - - - - - - - - - - - - - - - - -  - 3 - - - - - -  -

 -  - - - - - - - - - - - - - - - - - - - - -  - - - - 8 - - -  -

 -  - - - - - - - - - - - - - - - - - - - - -  - 5 - - - - - -  -

 -  - - - 4 - - - - - - - - - - - - - - 5 - -  - 4 6 - 3 5 - - 5

 -  - - - - - - - 4 - - - - - - - - - - - - -  - - - - - - 5 7  -

 -  - - - - - - - - - - - - - - - - - - - - -  - - - - - - 5 -  -

 -  - - - - - - - - - - - - - - - - - - - - -  - - - - - - - 4  -

 -  - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - 3

 -  - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - 5

 -  - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - 7

 -  - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - 4

 -  - - - - - - - - 3 - - - - - - - - - - - -  - - - - - - - - 4
                                

A — B — C — B1

— B2 —
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(Mallotus japonicus)
(Juglans cathayensis)

(Grewia biloba) (Viburnum 
formosanum) (Machilus thunbergii)
(Prunus mume) (Cinnamomum 
camphora) (Elaeagnus 
thunbergii)

(Callicarpa 
formosana) (Pinus 
morrisonicola)

(Rhus succedanea) (Celtis
formosana) (Zelkova
formosana) (Glochidion 
rubrum)

(Blumea 
aromatica) (Microlepia 
strigosa) (Lemmaphyllum rostratum)

(Davallia trichomanoides)
(Loxogramme 

formosana)
(Polygonum multiflorum var. hypoleucum)

(Tetrastigma umbellatum)
(Jasminum nervosum) (Cocculus 
orbiculatus) (Deutzia taiwanensis)

(Yushania niitakayamensis)
—

    8 ( 4)
1,526 ± 102 m 19.8 ± 
11.5° 67.9 ± 6.4%

(Eurya chinensis) (Dodonaea 
viscosa) (Machilus 
pseudolongifolia) (Quercus variabilis)

(Ardisia crenata)

(Elaphoglossum luzonicum)

(Lespedeza cuneata)
(Asplenium tripteropus)

(Tetrastigma formosanum) (Haplopteris
flexuosa)

(Viola nagasawai var. pricei)
(Pyrrosia linearifolia) (Rubus 
alnifoliolatus) (Kalanchoe pinnata)

(Centella asiatica) (Lepisorus 
monilisorus) (Selaginella 
stauntoniana) (Rosa 
sambucina) (Polygonum chinense)
3. 

Simpson
Shannon-Winner 0.803
0.969 0.563 —

—
—

( 5)
— IVI

( 2.0%) ( 1 cm2/m2)

J ( 4)

1 cm 
1–42 cm 95% 20

cm 1–10 cm (65% )

449 35
65%

2–25 71 2–5
5.0 ± 3.8

( 5)
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5.

Simpson Shannon-winner

--  0.536 0.57 0.548 

--  0.698 0.7 0.7 

--  0.785 0.919 0.566 

--  0.735 0.881 0.562 

--  0.682 0.757 0.573 

 0.803 0.969 0.563 

(Johnson et al. 2002)
3

7
8 (

 2003)
(  2003)

(450–1200 m)
(  2000)

4
10

10 2 11 12
70%(

 2007)

2008
2007 5 78%

2007
9 ( ) 2007

96

(Johnson et al. 2002 Koenig & Knops Lusk et 
al. 2007)

( 2000)
– (C.

g.–Quercus tarokoensis.) —

—
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a.  (n = 1534)                              b.  (n = 298) 
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4. ( — ) (a b c
d e f )
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0

10

20

30

40

50

60

70

80

2 4 6 8 10 12 14 16 18 20 22 24

n

5.

(400–1,100 m)
(1,200–1,645 m)

IVI 36.2 ± 3.7(n=3)
32.7 ± 21.52(n =29) IVI

—

3
— —

1
—

—

– –
(C. g.–Pistacia chinensis–Zelkova 

serrata  2002) –
(C. g.–Quercus variabilis  1994)

– (C. g.–Engelhardtia 
roxburghiana  2003)

– (  2001)
6

700–2,200 m

(Malus formosana) (
1968)
(500–1,500 m) (1,500–2,500 m Su
1984)

(
 2006)
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(Hwang et al. 2002)

J (
1983) –

J ( )
( 1 cm)

(Tanouchi & Yamamoto 
1995)

( –
)(  2003)

1985
(Phoebe sheareri)

(An et al. 2001)
J

(sprout seedling)
(  2000)

3–11

(  2000)
20 cm 5%

30 cm 

(Pons & 
Pausas 2006)

( 1 cm)

(
)

(Houle 1998)
(seed rain) (seedling 

bank) (sapling bank) (soil 
seed bank) (sprouts Garwood 1989)

(Depuy & Chazdon 1998 Tekle and Bekele 
2000  2004)

(recalcitrant seed 
storage)

(  1996)

(  2004)

(  2000)
85%

( )
(  2008)
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10% (  2000)

3 0.02 /m2 4

(
2008)

(acorn 
predation)

(Crewley 1992
Chambers & MacMahon 1994 Sun et al. 
2004)

1 cm

(Streng 
et al.,1989)

–

(
 2000)

(Pons & Pausas 2006)

(acorn predation)
(Chambers 

& MacMahon 1994 Sun et al. 2004)
(browsing or grazing)

(Baraza et 
al. 2004 Cierjack & Hensen 2004, Pulido & 
Dı´az 2005) (Sus scrofa)

(Q. ilex)
(Gómez & Hódara 2008)

(Cervus unicolor)
(Naemorhedus swinhoei) (Muntiacus 
reevesi)

0.6–0.8
(

 1983)
0.5–0.9( )



79

2004

68
2004

6(2): 95-110
2005

285

2004

19(1): 33-42
1968

1(2): 1-78
1996

66
68-73

1968
165 24

1985
1

28
2001

11(2): 
231-254

2003
13(2): 1-25

2002
145

1987

(
36

2003
61

1994

142
2007

(2/4
48

2008

(3/4
75

2006

77
2000

68
1983
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1985
2398

1987
20(1): 1-14
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