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Research paper

Impacts of Forest Management Regimes
on the Ground Vegetation Diversity
and Natural Regeneration of Chamaecyparis Forests

Sheng-Hsin Su,”” Chih-Ming Chiu,” Ping-Hsun Peng"

[ Summary ]

The impact of forest management on the ecology of natural Chamaecyparis (cypress) forests
previously caused momentous disputes in Taiwan. However, the scientific questions behind this is-
sue have never been settled and thus require further investigations. This study was conducted in the
Chilanshan area of northeastern Taiwan, where there is a long history of forest management, and
extensive natural Chamaecyparis forests are still preserved. We investigated the ground vegetation
and naturally regenerating seedlings in stands under 4 different management regimes to compare
their plant diversity and tree regeneration. Our results showed that the diversity of ground vegeta-
tion was higher in the old-growth forest where snags and logs had previously been harvested, while
the diversity of tree seedlings was higher in the natural old-growth forest. The lowest diversities of
ground vegetation and seedlings were both observed in the naturally regenerated stand established
after selective cutting. The natural old-growth forest was also distinct from the other stand types
in terms of the species composition. The natural regeneration of seedlings significantly differed
among stand types. The natural old-growth forest contained the greatest amount of both cypress
seedlings (all of which were Chamaecyparis obtusa var. formosana; 87%) and overall seedlings
(77%). Moreover, 91% of cypress seedlings were established on coarse woody debris, revealing a
distinct substrate preference from the other species.

Our study indicated long-term impacts of management regimes on the ground vegetation and
natural regeneration in Chamaecyparis forests. After 20~40 yr of recovery, stands that had expe-
rienced management practices were still dissimilar to natural old-growth forests. Therefore, we
would argue that natural old-growth forests should be protected and ecologically monitored, and
that old-growth forests where snags and logs had previously been removed could offer various
vegetation stages to create more-heterogencous habitats and thus enhance the overall biological di-
versity. As for plantations and naturally regenerated stands, middle- or later-stage tending practices
should promptly be applied to improve tree growth and stand conditions.

Key words: Chamaecyparis obtusa var. formosana, removing snags and logs, Chamaecyparis forest
(cypress forest), ground vegetation, natural regeneration.

Su SH, Chiu CM, Peng PH. 2018. Impacts of forest management regimes on the ground vegetation
diversity and natural regeneration of Chamaecyparis forests. Taiwan J For Sci 33(2):125-40.



GIEFRZERIE 33(2): 125-40, 2018

#wE

MAMEEESELE BN EHRER - HE
S IEERNMEARAR S EN EE - 2
Mg AR RE R TR A S B - EREIR
Boiee » BERBERSR - HM UL EREE
&4 (Kuo 1995, Lin et al. 2016) - &8 H 20
9124 BRI R BIAR KRR + HE19894F
BUR B AR R TR KRG A - [ Ia M AR bR
PRIT A Sk - EABRMRR BRI (Jen
1995, Horng et al. 2000) - H 2% » MREEFERT
ANFF AR A2 URs KRR AR AR ME — 188 H
B ARG S R TR 2 B R MRS AR -

RMAEB|E -+ ZEEK - BN KAE
ARMZ TS HERL AN B T3 o AR BIANAL ST
BIARBEIE(EZE ~ AR E BT F3 %% (Huang
1995, Lin et al. 2016) » /5855 [EARAH KRR
HEB B R (Li 1988, HH Chen 1999, YF
Chen 1999, Council of Agriculture 2000) - 354t
FH BT P E A B R IR R
L. ARIRE RO EHRREAMZ AL R

R ?
2. MARRREEMS T E AR S LU
Gy R ?

B B A AR IR B B Y Z R L B BOR
W I AR A B R B MR R AT Sy 5
RMAMEIL TR AR ) SRE T HRE
SRIBEE | ZHEH# (Ministry of the Interior 2002,
Lin et al. 2016) » {H 2B HTAG A LR B BLAE
BRI - QIR EEE—PHEEw -

TE A8 AR ARG WF 52 HE Je 07 T+ 7E I T R B
TEHFT LT A B A TG AR A BL i)
HEITEUME L4 RE(Chen et al. 2002, Li et al.
2015) ~ YR 4 RE(Yuan et al. 2004, Chen
et al. 2015) ~ WL I EE A (Lee 2000, Wang
2000) ~ MR HEFEELENRE(Chang et al. 2001,
Liao et al. 2003a, 2003b) ~ 4 RE A TjHE(Chang
et al. 2008) % A [EIAIMAYAISE - BWiRE A
BN AW AEY SR AR T - GRINE
VI iR PEFE » Yuan et al. (2004) EREBERE LI
il T BRI o B 5 B R R B MR SRR AR 0 B
FRHIIESE 50 G oM MR Rz~ U R

127

WA+ KT 2 28 S JE A SRR A+ (HL R S A
REFZF - Chen et al. (2015)RZFH AR 1L
3TEAG AR AR BT AR IR LB PR - B BIAL T
IR BB AR B IR 22 A K - H2 AN TR
YRR PIECRE - HEREABY - B
HEAREBAOBEIRES) - AEHENAZR
AE MR MHBGZ T AT A2 T (sessile)
MUt & 2 BIRE T oA T A AR R AR
(dispersal) B 4= B Hli i 38 (habitat filtering) 4=
RESE AL Ay v BE R » KT AE A [F) A 2 A8 7 A6 2
& MRV REFE A BL B I RE A R A S E - Tt
0% i AL 7 B 1 AR s 422 3 ot T O A A LG
Al BEET % B Y R ) ok IR BB BRSO - KT IE
B S B AP % R B VIR (Yuan et
al. 2004, Teixeira et al. 2017) - Wei and Chen
(2012) B AERE TR LI S2 A [A) N R 1R S8 S 30 N Ak
TFHIED BN - BE BB TP
ToHE R T (DL Y R AR (H G Jg DL B HE
P B R ARMAR 2 2% o HZREI T2 MR IR A
MARERREHIE - i H IR 2 B 2
SAARRER LS AR E &SR - TTREE 2 AR
BEATS SR R (B R - FEE )M
BTSRRI BT A A Y R
aEt o AR KRR EH R IE R A 4T
DIt — 25 R v MH B R

T BR A AR R AR BT » [ AR B Ry A AR ARG
BWEZEE  FEARMFECEEIERT
fe HE MR F M R SR BT DUHTSEE ek MK A
#(Hung 1982, Kuo 1991, Huang 1995, Lin et
al. 2016) - FEMARIREHTEHA ST1H > Chang et
al. (2001) B 5 HERE LIS R RF HAS T2 AR B H 42
HIMR S AT AR BER BE - R AN AT T - fE
TR HE AT ZIEE - Liao et al. (2003a,
2003b) HIIAE 45 78 191 B 4 50 i W 1) K ARG AR AR
TR ARHERS B A - A BB B AR s R IR
B A AR B (DA RS R A ) o 0T DR
Wtk o ARIM » 38 SRR AN 3t BE 3% T8 15 R APk
A R 8B R Bz — » MR AR RS
B EGE » ifn BAERRSE 1A (A Tidks
BB o BAERREF SM ) ~ AR G (R L
BCEAS> 1 emZ 1B RFER) B A PriEfE -



128

Bt o A LB R RS TR H
HETT ELHR R AE
i BRI - SR B AR B % YA
BRA R BRI - AR R AR T
RIEE LR J7 TR 5 A B A B e R
PP SRR » Ryt - AHE 523 ] A RE A A By
R MRy LR R R I FE B &2 > 3 AT R IR
ARG 2 45 2 S L A 25 5 ek B PR R BT 1Y
WE - HEAEREE KA AR GBS H
RE o SEHLTE LA B AR LR o ARRFSEAS S
DUF R REETTEREY » 3 H 3 H Ribk 3 4878 Bl
FR e
1 fERERCEEE T » AR Y 2 5
PR A A B B Y R B AR [ 2
2. FEARFERCERET - MR RAREFIRTEZ
AR BTN RARZ R B
ey 2

M¥ B 75

AT B A RIIMRSERE RS - 1M
H H B R AT K R AR AR R 1 L3t
HEFTHIFE o B TR LI T Y K SRR AR bR Ry B2 v B
P KEBEAE e A - [\ B A GE RN
(Chamaecyparis obtusa var. formosana) ¥ 1§
(C. formosensis)FTEJR 4RGN 340 » MLy
A LR A M9 #fE(Wang 2000, Lin
et al. 2016) - REFFERRFMR T H X E B R
B AR I A AR+ BR T R IR R AR
FETESR b - IR JTHR AR N MK 2 5 I i
B I EERESERMKES - ARARR
SEFE AR (G B AR S R BRI R {2 ~ Ah0L
A B P B 38 S5 5 A R AR 8 i (Huang
1995, Lin et al. 2016) - X[t » HipE L =EEEH
A7 i B SRR AR R IR 0 A7 B A R RS W b,
AT AREAS [RGB 2 A AP R 5
TR
1. kB AN LREM(plantation after clear
cutting, PCC ; fliffE & A LAK) + (ZfEE
B LI 100#%MGEKI25.S kmfz » B AP L
SEWE S IOMBE  FMR IR 19744 31T K

FREIE e AEEEHEY S R .2

PESE » AR AETT A + FRAE R A DUAL A
FoE » BRI AF A KRR © 20054
HEMARETEA (R EIT R
TEZE < 20165 FEMTIRDL » MRV 1% &
Fy1152 ha™' > SESH & B A (LT TR B 1)
223 om » PAIRE118 m CRERZR) -
20 1 4FE ARG IE @ AT IR » AR
JRERE30~405 RAT AN Fo )

2. FEkB RAREH M (naturally regenerated
stand after selective cutting, NSC ; i {2k,
BEHM) - AL L 170 MGERT0.5 km
B B KIZ S S B O4MRHE - R 1976
F R KIS A S T R &
55 (20~25% » DU = i i A AT 5D ~
JE(30~35%) ~ 58I (40~45%) ~ HHIRE 4%
BT R PR AR EI TR U
Jti R AR 1 5T 3 B (Hung 1982, 1984, Lo-
Cho et al. 1989) - {RIB124E% 2 07 » KR
BT ARHER LG Rk 3 - 1595% (Lo-
Cho et al. 1989) o AT 2285 » 1992
FRETERE - BRERE FRRE - e
A5 B 3% Ry 2000 ~ 3300 ha ' BERFR R
(11,040 ha) 3ffEH(Lo-Cho et al. 1999) -
201 35 FHAEARSTIRD » 376 R BE AR S AU A R
SR EE S R R 1770 ~ 3060 ~ 5510 ha' » S
HIH1%10.6 ~ 9.3~ 7.3 cm » SEHIRET.1 ~
6.7~5.7 m CREREHR) ; 197T6FF R MR
BN AR » AEHEAEKIHIOR - 2013
FEARWFIER BT » ks R
205 R A Rt -

3. AT EIAR % ZE M (old-growth forest
after removing snags and logs, RO ; ffEAL
SLEIAREEEAR) ¢ A7 HRERL 1T ORRARE KT 1
kmjE » FRBHRARZHIEE LI o Ak
JE Ry RIREHERAK » (H R AE 1 9844F T 1y 17421
KRB EZE (Huang 1995, Lin et al. 2016) »
FATHA2010~201 243 B 50 X 50 mES & A
ARG FEEE 692 ha! » LI
15.3 cm (FRAG£100.6 em) » i & i = fili 3
20~30 m ; EAIHIIE< 10 cm 2/ MEREEE
B A71% (RBRER) - LEEALIGE



GIEFRZERIE 33(2): 125-40, 2018

iR E o 4H68% 5 ALIEZ R/ MK - R
SHFEMRACE » AT HIE T P A THRAHE - 2013
FEARWIER AT AT » Ak TR
30 RA A L EE) -

4. KIREZ M (natural old-growth forest, NO) :
RERARERILLL 7 OFRMERT 1 kmpE » TRE K
EHEE I - Rl R B iRy
PR I Ia AR AR o AR 2010~20 124 3%
BHS0X50 miRE@FHEME ARG - FHFE
E720 ha! > SEIHIRE22.4 cm (B2 A3$96.2
cm) - i g R R AEERI20~30 m o A g <
10 cmZ/MERBEIRS » 1539% (RFEXRE
B o WEEAE B GERM - L Chen et
al. (2002)E#Wei and Chen (2007)Z fEE£53 24
HCR o SRR FERR IR TR — S A
FERE

Hrf» NSC ~ RO ~ NO#M Sy B R b A £ 1
km » PCCER E3THAA 3 BEBERY2 km o HIR AN

Fe HRAS (A AR L F S B RS+ KT R AT R

WRG3 Z IH M A~ R R AR R S 5t

BT R AEE - ERRAVEURRR B R ET AN A

TS A AN [E R B U AR 3 s 2 -

A TAFR20134E9 H j 201448 H ST -

f— TR AR R 1082 X 2 mEEE -+ £

AN AT EREREE - HfPCC - NSC

RO IR s BE AU E - RO ~ NOMR AT HIFR R

FREECE (5] — PR o3 PR 40 A W Y o /DN [

> 10 m - BRI AR RS M AE B e B &

JE o L BRE S REBRM (RS

A) ~ RG4S - A HEST DU WA A

1. MR DR« 3 st i K g B K T A
VIR B S (5 A BEA R
Haf€< 1 emFEAMR ) - BEERES
RIPERALGE » RIS % Ry — o (AR
5% BRI R 1% 5 H R HBRE 1%
R HIFCR0.1% » Bland &rw) 4 Sk
B/ NREARKEY) -

2. RARFEHRIEHRL « FERE< 1 cmIFEAR
TR AR - R b v B O 7 AR R
TERIR AR o bR TR - FT B R
FZHh  MECERE B PTR BB E AL -

129

DA 3 2 24 Ol 3¢ W ) St #e AL LR (7
=B R AR EH R R BO R - ATt
WA IR BY TR ) 2 B ~ WA e DA B iR
B RAREHINRE - TRV Z A0 ~ B s
A B I E A LRI b o ARHFSEER F Kruskal-
Wallis B [r) 55 # 58t FL 8 23 M7 (Kruskal-Wallis’
one-way ANOVA by ranks)f§ EPRBI ] 2 HE o
Dbk Ry e RE BT 00 1% - BRI R M3 3 T B
A A &2 &R (Legendre and Legendre
2012) - iR ZHY SRR T B Y
1 # (species richness)Z b » [FIRFHLERH L1
M FgEHILL diversity of order 1 (H,)ZREE(Jost
2006) - ZERMERBUZAEMA T BT E
RGO Y) R B E R - B Rk -
[Pk, B P A SR b T S I S P L i P 2 )
(evenness) ° [MEHH, BB ST R LT
Z T ERFEE  (effective number of species »
giffinumbers equivalent) » RERFHEFERINZ
DflE T HEME 2V | (equivalents)FTAHEL -
Kk —EH R~ @ AR RS RS ST
1#(Jost 2006, Ellison 2010) °

Rl 9L o2 M3 40 T AR 22 e RO b DL — A
W HCR LB BT « SRT - IR S R e R
2R Em L - HEA TIEAEMM% 5 (non-
additive)AU#EETHEE » T & 2B T HEH—
G R BA 1% 1 (species-area relationship) °
Kt » AWF5E IR 8 Fsample-based rarefaction
curves3 A7 J5 3 2 EL A R U TR TS 9 ) 7
L - H R HRET e E 2 DU S {E £ 1.96f5 47
#E7%2(mean+ 1.96 X SD)YMUE9S B EHEEE » LA
ST ARA RS A LL R (Magurran 2004, Kindt and
Coe 2005) -

fE MK iE - AR EN
principal coordinate analysis (PCoA)Z% % &4
LI &y Sl (15 E S AV &y el
A o AKHEFEH JaccardAHE SR B - 43715k
DIt Y 2 B AR~ KRR R BT 2 R
BB AT AR AR R - FETTPCoA
43T (McCune and Grace 2002, Legendre and
Legendre 2012) o

DL E#tETs A 2 DAR 3.4, 14535 5 84T



130

(A

N—'

254

20 — = T

154

Number of species

10+

T
_

T

T T
pPCC NSC RO NO

Stand type

(B)

77 —
S
&> 5
S 47 —
ot
2 31 °
P
7z < -

14 :

N —L ]

PCC NSC RO NO
Stand type

FREINE A B EHEY 2 B BT 2 R

pPCC NSC RO NO

Stand type
s EE
4-

34 . =
e
a - -
0 T T T T

PCC NSC RO NO
Stand type

Fig. 1. Comparison of the diversity of ground vegetation (A) and natural seedlings (B)
among different Chamaecyparis forest stand types. In each panel, the plant diversity of the
4 stand types significantly differs (see text). The ordinates represent 2 diversity measures in
2 X 2-m plots: left panel, numbers of species; right panel, Hill diversity of order 1 (H,). The
abscissas represent the 4 stand types: PCC, plantation after clear cutting; NSC, naturally
regenerated stand after selective cutting; RO, old-growth forest after removing snags and

logs; NO, natural old-growth forest.
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Fig. 2. Sample-based rarefaction curves of ground vegetation (A) and natural seedlings (B)
among different Chamaecyparis forest stand types. In each panel, the plant diversity of the
4 stand types significantly differs (see text), and the differences increase as the spatial scale
increases. The ordinates represent the accumulated numbers of species, and the abscissas
represent numbers of 2 X2-m plots sampled. The gray vertical segments are 95% confidence
intervals composed of the mean=*1.96 standard deviations. Abbreviations of stand types are
explained in Fig. 1.
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data (B). Abbreviations of stand types are explained in Fig. 1.
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Fig. 4. Comparison of seedling densities of all naturally regenerated tree species (A) and
Chamaecyparis spp. (B) among different Chamaecyparis forest stand types. In each panel,
seedling densities of the 4 stand types significantly differ (see text). The ordinates represent
numbers of seedlings per hectare. Note that no cypress seedlings were found in the PCC and
NSC stands, and that all cypress seedlings investigated in this study were Chamaecyparis
obtusa var. formosana. Abbreviations of stand types are explained in Fig. 1.
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Fig. 5. Comparison of proportions of seedlings in different microhabitat types for cypress
seedlings (Chamaecyparis obtusa var. formosana) and seedlings of other tree species. Cypress
seedlings showed a distinct microhabitat preference from other seedlings.
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Appendix 1. Synopsis of the species composition of ground vegetation and natural seedlings
among different Chamaecyparis forest stand types. Dominant and common species are
defined as species with > 10% dominance, and of < 10% but > 3% dominance, respectively
(counted by the total coverage in ground vegetation and by the total amount of seedlings
that naturally regenerated). Note that the number of natural seedlings was so small in the
PCC and NSC stands (only 23 and 14 seedlings were found in 10 plots, respectively) that
no dominant or common species was designated (here denoted as “N/A”). Likewise, there
was no dominant species but 1 common species (Chamaecyparis obtusa var. formosana; 24
seedlings in total) designated in the RO stand.

Ground vegetation Natural seedlings
Stand type - - - -
Dominant species Common species Dominant species Common species
Plantation after  Yushania niitakayamensis (E[LI&FF7T)  Ctenitis kawakamii (J1]_tFCZERR) N/A N/A
clear cutting Eurya crenatifolia (fRESA) Dryopteris sparsa (F3EfTEHR)
(PCC) Acrophorus stipellatus (FafifiiR) P. euphlebia (FETEIEHR)
Plagiogyria formosana (GG JEWR)  Diplazium kawakamii (J1] 1 FCEEZER)
Monachosorum henryi (Fi¥W%)
1 anisatum (976 \f9)
B. barthei (FEILEFHEPH
Naturally P. formosana (=159 IEFR) A. stipellatus (FRHR) N/A N/A
regenerated E. crenatifolia (RI57K)
stand after
selective
cutting (NSC)
Old-growth P. formosana (51558 /2 E) Polygonum chinense (‘K% H}FHE) N/A C. obtusa
forest after Hlicium anisatum (F116/\fH) Smilax china (${#) var. formosana
removing Callicarpa randaiensis (% K58EE) (B )
snags and C. kawakamii (J1|_FEJHFERR)
logs (RO) E. crenatifolia (fFF5A)
Natural P. formosana (51558 JEFR) Chamaecyparis obtusa var. C. obtusa 1. anisatum
old-growth 1. anisatum (F11E€/\f5) formosana (51 FH) var. formosana (HAE/\f8)
forest (NO) Rhododendron formosanum Mpyrsine stolonifera (S577#g) (BE R R. formosanum
(BEHAR) Mecodium polyanthos (HIZEELR) (BHEFEER)
Barthea barthei (ZEILEFHTH Cleyera japonica
(R EE)

llex sugerokii var.
brevipedunculata

(RSP




