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CHAN Ming-hsun; HO Kuen-yih; SYU Jhen-chi; CHEN Shen-yoi. Growth ring characteristics,
growth pattern and age structure of warm temperate broadleaf forest in central Taiwan. Journal
of Beijing Forestry University (2015)37(3) 84-93 [ Ch, 11 ref. ] Chiayi University, Chiayi, Taiwan,
60004, China.
Few studies focus on the growth ring of broadleaf trees in Taiwan at present, especially lack of
researches in modeling growth rate of natural broadleaf forest. This study thus aims at studying the growth

ring of typical warm temperate broadleaf forest in central Taiwan. The 18 long-term forest dynamics plots
in shenmuhsi reserved forest were established since 2003. Trees with DBH > 6 c¢cm in 6 plots of 13-18
were coring at breast height. 448 cores in total from 39 species 33 genera 22 families were obtained based
on the stand characteristics. Microscope and CCD were used for tree-ring analysis. The transition point
between successive annual rings was ditermined and classified visually, and then was used as the basis for
visual determination and calculation of growth ring. We measured ring width using Velmax system. The
crown-class model (CCM) , PAI regression model, and mixed model were used to describe a crown trend

and to analyze the age structures of species, which could be served as the references for the stand
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management on most widely distributed Machiluscastanopsis and Quercus with largest area in Taiwan.
Regarding the character of growth ring, 79% samples are diffuse-porous species, 18% semi-ring-porous
and 3% ring-porous. Average growth rate for all species is 3. 53 mm/a. The significant vertical difference
happened in canopy level. The average growth rate is 4. 47 mm/a in overstory (upper) trees, which is
the fast growing one, 2. 95 mm/a in overstory (main) trees, and 2. 92 mm/a in understory trees. PAI
model denotes that the ring width linearly increases over time in most of the species. With 3 models of
crown-class, PAI and mixed the estimated average age was 55, 60 and 59 respectively. The use of mixed
model could lower error percentage than using PAl mode and crown-class model. The distribution of age
group from CCM, PAI and mixed model revealed that this area is full of shade-tolerant seedlings and
shrubs, and then gradually typical multi-layer forest is formed. The trees by age could be divided into two
groups. The first group is mostly shade-tolerant seedlings originated at the late 20th century, and the
second group formed an independent peak in 1900. Invisibility of growth ring caused the difficulty on
classification. Irregularity of ring width resulted in the no way to determine age. PAI model needs large
sample data of tree cores from different tree ages to do regression for being representative. Other problems
still remain although the mixed model could lower estimation error of tree age. Therefore, it is necessary
to further discuss and analyze the information and methodologies for the sustainable management and

development of forest ecosystem. The study provides a sample of radial growth and age structure of warm

temperate broadleaf stand for better understanding of forest management in this area.

Key words

model; periodic annual increment model
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Tab.1 Tree cores information of plot 13—18 in Shenmuhsi reserved forest
LKA o
JPTIN
. Visibility of 4T AR RFAE .
MREL N Sample of tree core
growth ring Sk Characteristics
B4 Family P Species Number ———— — - -
. OB 3BHF Classification of growth e L Jo b
ol trees
eart  Sap of vessel ring Pith Pith
Number
wood  wood crossed  uncrossed
HELAER} 3 TRLAE
2 - + 2 A 2 2 0
( Cephalotaxaceae ) ( Cephalotaxus wilsoniana )
P! 00
8 + + 2 A 9 6 3
(Magnoliaceae ) ( Michelia compressa)
FiR L YA
9 - + 2 A 11 7 4
( Lauraceae ) ( Cinnamomum insularimontanum )
e
7 - + 2 A 8 7 1
( Phoebe formosana)
KmAZT
80 + + 3 A 86 74 12
( Litsea acuminate)
EARAZT
1 - + 3 A 1 1 0
( Litsea akoensis)
A< A
33 - + 3 A 35 25 10
( Machilus japonica )
AR i
8 + + 2 A 8 7 1
( Machilus thunbergii)
AR ZE T
2 - + 2 A 2 2 0
( Neolitsea acuminatissima )
BB AL
27 + + 2 A 32 29 3
( Neolitsea variabillima )
Binti
51 - + 2 B 58 49 9
( Beileschmiedia erythrophloia)
WA} LA
9 - + 2 A 9 6 3
(Rosaceae) ( Eriobotrya deflexa)
ERCEEL i
2 - + 2 A 2 1 1
( Photinia lucida)
FL RIS INFE BRI
3 - + 2 A 3 3 0
( Escalloniaceae ) (Itea parviflora)
R s
1 - + 2 A 1 1 0
('Araliaceae) ( Sinopanax formosana )
BAH H ARk
1 - + 2 A 1 1 0
( Caprifoliaceae ) ( Viburnum luzonicum )
B AL A IR B
2 - + 2 A 2 1 1
( Daphniphyllaceae ) ( Daphniphyllum membranacecm )
phmphy: ppityl
HEAR} BIERY
1 - + 2 A 1 1 0
(Betulaceae ) (Alnus formosana)
B B LT G A
10 - + 2 C 10 8 2
( Carpinus kawakamii)
72317 LR
20 - + 3 A 21 13 8
(Fagaceae) ( Lithocarpus castanopsisifolius)
PN
5 - + 3 A 5 4 1
( Pasania kawakamii)
Bent bR
31 - + 3 A 33 18 15
( Cyclobalanopsis stenophlloides )
BT HR
2 - + 3 C 2 1 1
( Cyclobalanopsis sessilifolia)
HIBkE AR
5 - + 2 A 6 5 1
(Juglandaceae) ( Platycarya strobilacea)
s o EEL 11 Ay
1 - + 1 D 2 1 1

( Ulmaceae )

(Ulmus wyematsui)
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RN i
o Visili of  AFRERAE AR -
Rk § Sample of tree core
growth ring s Characteristics
# 44 Family iyt Species Number — PPN N
Oo#F $#F Classification of growth . REG Jo R
of trees BE
Heart  Sap of vessel ring Pith Pith
Number
wood  wood crossed  uncrossed
FIRE KA ZE 2R
28 - + 2 A 32 30 2
(Urticaceae) ( Villebrunea pedunculata)
TR R b1 SR A
1 - + 2 B 1 1 0
( Pittosporaceae ) ( Prttosporum illicioides)
AR Fhoe
1 - + 2 A 3 3 0
( Elaeocarpaceae ) ( Elaeocarpus sylvestris )
3vez
2 - + 2 A 3 3 0
(Sloanea formosana)
thZsAt LEZN
1 - + 2 A 1 1 0
( Theaceae ) ( Eurya japonica )
Kkz
12 - + 2 A 7 7 0
( Gordonia axillaris)
kRS HERE VUt
2 - + 2 A 3 3 0
( Ericaceae) ( Rhododendron leptosanthum)
AR Kot B
1 - + 2 A 1 0 1
( Rhamnaceae ) ( Rhamnus pilushanensis)
A Jert b
2 - + 2 A 3 3 0
( Aceraceae) (Acer kawakamii)
=+
R
2 - + 2 A 2 1 1
(Acer oliverianum)
e
6 - + 2 B 6 3 3
(Acer albopurpurascens)
A ARk ERCAlE A
29 - + 2 A 32 31 1
(Staphyleaceae ) ( Turpinia formosana )
PN H A 5t
2 + + 2 A 2 2 0
(Oleaceae) ( Ligustrum liukiuense)
E i) FhomAE
1 - + 2 A 2 2 0

( Verbenaceae)

( Callicarpa formosana)

TE AR RAETEWEL A, + FORWEMIE L, T, - S22 AR AT /028 1 FURIRLM, 2 FORTHLE, 3 B AR AR AR R ok

PTFSCHR[11], Notes: “ + 7 refers to that the visibility of growth ring is superior, “ =" visibility medium, and “ - visibility poor. In the
classification of the vessel: 1 refers to ring-porous, 2 diffuse-porous and 3 semi-ring-porous. The data of the characteristic of growth ring was from

reference [ 11].
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HAREE A KR 3,53 mm/a, FIHAER 5 B

ST CCM 3 FiR g i A= e
2SR EEM R, EFEE 12 i

Flt CCM B FHAERKFE N 3.0 ~ 8.0 mm/a; 2R F

HARTFHAK RN 4.47 mm/a; s B E &
A B A KRR RO HEARN S A, R R
KA 7.8 mm/a; AL AT 1 3 (4 Fre KRR A2 ) 2 LA A
2R SO A SIERHYEERZ 140 LUK

R2 MAERRIPME 13 ~18 EFRXRAETEHMFHZ CCM &K

Tab.2 CCM model of main species in plot 13-18 of Shenmuhsi reserved forest

- ! HiEAK . . A IS Sample age
i Bl PR Rk
Fh RS . R AL
Canopy Number Average  Maximum /ME = RAH SESAE
Species Growth rate/ ) Number
layer of trees i height/m  height/m Minimum/a Maximum/a Average/a
(mm-a™") of sample
B
51 3.4 +0.08 13.7 25.0 45 19 146 51
( Beilcschmiedia erythrophloia)
‘ Kb A%T
FFEZE 80 3.0+0.11 12.6 20.0 57 10 103 55
( Litsea acuminata )
Overstory
B Al
(upper) 33 5.2:0.18  16.1 24.0 20 11 92 53
( Machilus japonica)
Bent bk
31 3.8 +0.09 14.6 22.5 28 22 104 51
( Cyclobalanopsis stenophlloides)
AR T
27 2.6+0.12 13.3 18.5 23 20 176 53
( Neolitsea variabillima)
‘ AL
Tz 29 3.0+0.13 8.7 12.5 17 22 137 54
( Turpinia formosana )
Overstory
. L
(‘main) 9 3.2+0.17 12.1 17.0 6 33 84 57
( Cinnamomum insulari montanum )
PN S
12 3.2+0.17 13.5 18.0 9 48 83 67
( Gordonia axillaris)
A G2 R
28 3.7+0.20 7.3 5.1 8 11 27 21
)2 ( Villebrunea pedunculata)
Understory 5 75 HEfi§
7 2.6+0.33 8.5 9.0 4 26 31 29
( Phoebe formosana)

TE R P EARLE AR N B + FRofEfi 22 (SD) , Fofh HAT SBRA B T4 i (i 22 (SD) s SIS A e Jy TSAPWin S il =2 44 %

Notes: The growth

rate is described as average value + one standard deviation, no standard deviation for other attributes; sample ages were measured by TSAPWin.

FIEJE 17 FAR R R R B AR T AR KRR
2.1 ~7.2 mm/a, %56 )2 BT A AP ) AR I AR K
K 2.95 mm/a; K CCM AL A 14 SR 1018, BB} 0 A8
BT ZE T A8 Al TR & 78 10 A A K R g
I AR AT 3K 130 4F LA L 5 BB R 2 B 328 5
AR RIS T35 40 221

I Z 6 M R R BRI K R 2.4 ~
3.8 mm/a, ZEE A MR A A K AR 2,92
mm/a , 42 K R ARAE PR E W2 4 CCM AR
WAL Z R RRTE A, SERRRH 9 F AR 58 2 SRR AT 38 15 1Y
AR R AT IR 20 4R DL L

St J2 7 A R RO E T B, R AR
KA H, COM AR5 [R) A A 968 45 0 ) AR i A A
] RS- 24 A T b e 2 ) A2 R R ey, ELAR
B RAF Y e, 3256 )2 ok, ISt 2l R e 2, il
1,20 ~60 FHHKAFIE, L EHEZ2 24 om, £

JZ2 15 em JRE)Z AL 9 em(E 1)

80

|- E5)Z Overstory (upper)
2 60F
E -
T
S 40r -7
@ r e “~ E5EE Overstory (main)
o~ H A
tm 20 i A JEtl 2 Understory
4
1 1 1 1 1 1 1 1 |
0 20 40 60 80 100 120 140 160 18
AT Agela
K1 ARG Z A K
Fig. 1  Growth trends of different canopies
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Tab.3  PAI growth patterns of main species

AR ] 2
FF Species FREL Number of trees R?
Allometric growth equation
354 ( Beilshmiedia erythrophloia ) 45 Y =3.503Xx0 8781 0.786 1
KM ARZEF (Litsea acuminata) 57 Y =8. 966X0- 394 0.7052
B A W4 ( Machilus joponica) 20 Y =5.057X% 700 0.758 0
Jop!
3’;%”1'71‘/'1( Cyclobalanopsis stenophylloides ) 28 Y =3.320X0- 9149 0.8450
y P phy
Y3 #5 ( Lithocarpus castanopsisifolius ) 14 Y =2. 79009532 0.9254
P p
AR R ZEF ( Neolitsea variabillima) 23 Y =2.403X" 0824 0.6900
B WA B ( Turpinia formosana ) 17 Y =3.101X% %0 0.950 8

120 - 18 KM Machilus joponica

160 - B Beilshmiedia erythrophloia 80 r KM ARZEFlitsea acuminata
— 70706 O
140L  v=3.503x0s78! b V=8 966X o0 22—_5(.)057,)(
ol R=0.7861 G0l R=0.705 2 R
2 w0 NV 3 e 80
i:’p i:'p 3,;5
% 80 % 40 é% 60
¥ 60 E a0
40 20
20 » 20
~ 1 1 1 1 1 1 1 1 / I ]
0 10 20 30 40 50 60 0 10 30 40 50 0 10 20 30 40 50 60
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Fig.2 PAI model established by age and cumulative diameter
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Tab.4 Estimated ages of species at overstory (upper) and overstory (main) by CCM and PAT model
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