AR M R g & R, 2019, 36(1): 21-30
Journal of Zhejiang A &F University
doi:10.11833/j.issn.2095-0756.2019.01.004

AEITFHER T EREAMREMR T SR 21T
OB, AN
(A STl e 6V 015 05 50 bl R T 490 % L L5 100083)

WE: FRAANFRGBER R FEEE T RAEWRAKS S MBS QG R, A% G0 T R Ak H ALK
AAe bty SR REHRPRE, AF KRG FEEATRERSFRN S, B85 FRFRE R 53 &AM
AEAREMGBE, EF 2535 (0.04~0.12 hm®) B R 44, RAMTHa ik B FaRA T RERS A S MTRESR,
RRFE5HFISD 5 EWERFESMN AR FRFEA S BHMAMA SHRTIL, ZR2EN. FRTFTHRERTFE
etk AR ABEMH Z2HE T Bok, FREFEAVEBRHIAKRKEE D THAEFRFR(P=0.022), hy#Ld
MAFAEZ K, FRER]I~-NHSE2 LS LREE, FTREAVASE LR EE, Ko A2 ARBE,
& TR EG I, A RJE(P=0.045)Z %38 k, K3 (P=0.039) A% 3 & (P=0.017) & #r 8, . o %A M35 5
M & RS 0 It & 2 R 69 A4 % (P<0.05), Simpson 4k % B 35 M & T HF 9 9t & @ 2 L A4 % (P=0.000) ,
R F Bk o 2 1) A A AR B (Jaccard s 2835 B <4T%) ., RE FRFBFEBE T RERKSEME R Z
F, METHRERNE W, FREBEARSEMNB T BRI, RATHBKRLASHEERY., B1 KT 442
K SAAESFE; FHMrtRAEK; TR A ETE; SR

hESEE: S7184 XEKFRARAD: A XEHE: 2095-0756(2019)01-0021-10

Forest structure and tree species diversity across a disturbance gradient in

evergreen broadleaved secondary forests
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Abstract: To provide scientific eviden ce for vegetative recovery and biodiversity protection of evergreen
broadleaved secondary forests, changes in stand structure and tree species diversity across a disturbance gradi-
ent of evergreen broadleaved secondary forests in Jiangle Forest Farm, Fujian Province were studied. The rep-
resentative locations with similar site condition were selected through the field surveys, then a total of 25(0.04-
0.12 hm?)permanent sample plots were set using typical sampling methods for evergreen broadleaf secondary
forests. Five disturbance gradients ( I =V with V having the most disturbance) were assigned based on the
relative value of major disturbance indicators. Then using ANOVA and LSD multiple comparision to analyze
changes in stand structure and species diversity along a disturbance gradient. Results showed that for the five
disturbance gradients, individual tree diameter conformed to an inverse J-shape curve. The individual number
of V disturbance gradient was significantly lower than other disturbance gradients (P=0.022) indicating the
lowest capacity of natural regeneration and productivity. The individual tree heights of I —IV disturbance gra-
dients conformed to a normal curve; whereas, the V disturbance gradient conformed to a bimodal curve indi-
cating the lower stability in the forests vertical structure. With an increasing disturbance gradient, uniform an-
gle indexes (P=0.045) increased, but neighborhood comparison indexes (P=0.039) and mingling indexes (P=
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0.017) decreased. The alpha diversity measures declined (P<<0.05) along the disturbance gradient as domi-
nance increased (P=0.000). In addition, the similarity in species composition between each pair of disturbed
forests was generally low (Jaccard’s similarity index<<47% ). With an increase in disturbance gradient, average
DBH, average tree height, and alpha diversity measures decreased (P<<0.05), but the dominance index in-
creased (P=0.000). Overall, as the disturbance gradient increased in the evergreen broadleaf secondary forests,
the diversity index and stability of the forest structure decreased, which was not conducive to vegetative recov-
ery and species diversity. [Ch, 1 fig. 7 tab. 42 ref.]
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Table 1 Basic situation of stand
FE b 39 B2/ TR AREA] P24 1 S 254
- E ) N T 20
5 ) hm?>  J¥ f&/em  H/m
1 40° 129°02'33.72" 46°41'50.22" 0.06 0.7 19.0 9.7 5 Kkk 3 MM 2 kKR + AR faf
5ERE T RERETORAR 1A 1ol 1 2R A% i+ 20 S+ MR + 4
2 44° 129°02'33.72" 46°41'50.22" 0.06 0.7 18.0 9.3 -
H
3 40° 117°26'06.72" 26°42'15.18” 0.06 0.7 139 8.1 S 2 WA 1 HEAR 1 BERE 1 3 hE+ 2 R+ K A1l R
4 25° 117°26'06.78" 26°43'40.80" 0.06 0.8 12.5 113 4 ¥R 2 =kt 1M 1 ¥58E 1 ARAT 1 5 R ST+ A+ KAl B
23° 117°24'43.44" 26°47'36.30" 0.06 0.8 13.5 9.8 3¥eR 21 HE 1 it 1 HX 12K 1 A 1 FiR&E
45 3R TR 1RAT 1 A2 AR+ A6 i Ll AL+ X+ 3
6 23° 117°24'44.10" 26°47'37.32" 0.06 0.8 10.8 88
R+ 4
6 BEME 1 RS 1 F5RE 1 A 1 X+ R+ B 75 45+ AR + )
7 38° 117°24'44.776" 26°47'36.24" 0.06 0.6 153 7.0 -
AL T A
8 37° 117°21'57.30" 26°47'5.40" 0.06 0.5 194 9.5 T HEMS 2 T X1 EHRE+ 20K B T AR+ B A+ B
9 34° 117°21'57.30" 26°47'5.40" 0.06 0.6 164 102 5Feh 2 F X 1 BRI 1 1AL 1 AR o] + K bl +77 i
A FERE 2 KA 1 BRE T EIERE 135 X1 3% B W A+ OR AR+ LD L+ 73
10 36° 117°22'13.26" 26°46'54.42" 0.06 0.6 13.7 9.9
iz 4
3HERE 2 At 2 Sk LORT 1A 1w b+ B+ 4 + R R
11 35° 117°24'51.30" 26°47'51.90" 0.06 0.8 12.5 9.8 "
12 31° 117°24'07.26" 26°47'51.54" 0.06 0.6 15.8 8.4 8 RGN 1 A 1 M AR+ A A Al + Tl S+ 0 5+ L
5urkE 1 AERE LORAR 1 aliA 1 i gl 1 2R A7 i+ 20 SRR + 4 4
13 31° 117°26'08.46" 26°43'39.30" 0.06 0.5 14.9 79 -
e
AR 2R LA 1 R RR A 1R 1 35 A + 5 2 B + AR il
14 25° 117°24'41.46" 26°47'35.16" 0.12 0.7 122 9.2
i+ I 1L 6L+ A
15 40° 117°22'20.22" 26°46'53.70" 0.06 0.6 6.9 6.1 4 kA 2 GIAENaAE 1 24 1R 1 50T 10T H 1 #E
16 39° 117°22'14.88" 26°46'47.98" 0.06 0.6 9.3 83 IHEM 2 1 AZAR 1T X 1 At 1 4
17 38° 117°22'14.40" 26°46'49.32" 0.06 0.6 7.9 6.8 5 TERE 2 e 1 LA 1 20 H
18 37° 117°22'16.35" 26°46'50.51” 0.06 0.6 13.5 8.8 3 Mg 2 MM 2 M 1 IS L AR 1 2044
19 24° 117°25'23.29" 26°47'36.01” 0.06 0.9 11.9 11.6 2 ¥k 2 35kE 1 Aff 1 QLA 1 B 1 RE S 1 2006
20 24° 117°25'23.40" 26°47'36.78” 0.04 0.9 11.5 124 4 ¥R 1 ARBERE 1 404500 T A1 5 B2 4k 1 2046 1 K faf
21 36° 117°24'52.74" 26°47'56.10" 0.06 0.8 11.6 9.7 S HEM 2 HAE 1B ALAS 1R+ FROf
22 41° 117°24'52.02" 26°47'50.92" 0.06 0.8 10.3 9.7 5 MM 2 AR 1 EkE 1 B R4
23 31° 117°19'19.00” 26°31'28.00" 0.06 0.6 174 104 5 Fthk 2 2005 1 4tk iH4e 1 w4
24 32° 117°18'21.00” 26°31'22.00" 0.06 0.8 13.7 10.6 4 ¥ 3 fithk 2 A AR%ET
25 30° 117°15'33.00” 26°32'36.00" 0.04 0.7 145  11.0 4 ffkE 3 ¥ 1 ARRT 1 55 hE K RE+0I 16 18 4l
YL BH . S Vernicia fordii; 3 9% Castanea seguinii; 1% %7 Xl Cyclobalanopsis chungii; FAlIE Ficuss beecheyana; & 154

Illex formosana; B 4¢84 Machilus pauhoi; 4 4% BT T i Altingia angustifolia; ¥ T8 Machilus chrysotricha; W

Ailanthus altissima; % Wi Adinandra millettii; # K 47 #j Photinia davidsoniae ; & 3% & Sloanea sinensis ;

oy BB #y Pinus

massoniana; A M A Vernicia montana; 1114 Sapium discolor; F&# Cinnamomum camphora; %% 7E 11 #8 # Lindera na-
cusua; i Diospyros kaki; V75 X Cyclobalanopsis glaucoides ; #i [E ¥% (B ) Cerasus schneideriana; #1.4#% Machilus thun-
bergii; [ HE Castanopsis kawakamiiy ' %% Michelia chapensis; KU Toxicodendron sylvestre ; $| & ¥ #% Rhodo-
dendron championae ; [ M| Itea chinensis; % 4k Castanopsis fabri; 4115 4% Eurya nitida; 1% @84 7 llex fukienensis ;

{1 RZET Litsea elongata
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Table 2 Disturbance gradient of evergreen broad-leaved secondary forests

ZE Zw ke TEHE 2E RE
TR L _ WJ WJ T L A W WJ
T R KM KM AR KM T R AM KM KM KM
. D C R - ¢ | B T b S ¢ !
E . I X W XFE X B = I X X X XTHE
- T mR E mEM - T mR E mR

1.2 6.2 1.0 1.1 39 122 178
1.2 6.1 1.3 21 29 1.5 151
1.6 5.1 1.3 1.5 1.0 29 256
1.2 8.3 2.0 36 39 69 18.7
1.4 1.0 63 153 29 1.7 259
1.6 3.4 53 36 29 1.0 134
1.4 1.7 127 348 1.0 1.1 28.6
18 1.2 3.7 5.7 30 39 1.2 182
1.0 42 43 44 39 195 373
13 1.4 3.0 220 227 29 35 324
14 1.2 62 167 259 19 9.7 432
17 1.0 87 11.0 80 19 1.8 475
21 1.6 4.1 217 314 19 33 395

x3 THEHEHIR

Table 3  Hierarchical list of index of disturbance

8 1.2 85 180 107 29 1.9 527

9 1.7 3.0 217 234 29 39 555
11 1.6 42 183 156 59 13.0 640
12 1.7 1.7 173 218 29 133 616
15 1.6 93 243 206 44 99  56.6
19 1.2 3.1 1.7 1.0 29 83 587
20 1.6 49 100 244 19 47  58.6
16 1.2 49 273 259 29 6.2 70.1
22 1.6 4.4 47 189 19 8.0 684
23 1.2 6.7 133 20.1 157 160 73.0
24 1.2 59 230 294 87 258 940
25 14 101 433 374 19 7.0 101.1
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InN, o SHRET R ECH , N R o BT A PR R 1 8 H o B Shannon-Wiener 48 5 (H)
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i=1

InS, . H Jy Shannon-Wiener 5%, S NEEHLAYYI AP B %k, BJaccard FIIFEE (L) : Is={c/(a+b+e) |x

100, Forr: o 2 AR MBI EL, o REML L REAT ORI, b o REdD 2 RE A R, ©Simp-

son (RHEARRL(C): C= D P2, Joriv: POk i OARXTEE A, S R i Prih A
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i=1

RETFHER TS BT
AT TR0 0 G U MRS 5 R ) (2 4) 0 BT ISR L0, B4R P49 2 AT 34
BRI o P58 1 NG 5 B T 5 SR I, 1 A IV A B

B, THHERV HHAMTYEELRA L, o5 B AL B2 28
R4 FARATHEZHKDERFAR

Table 4 Basic situation of forest along a disturbance gradient

T k4388 BE/ (B - hm™) F It/ em P i /m Y0 B (B -hm™)
I 1215 14.3 11.7 381
I 1208 14.4 10.5 367
I 1 448 13.2 9.8 335
\Y 1627 12.1 9.1 605
\ 600 11.8 8.8 100

32 ARFHELTHE. WESLEH

NIRRT Sk R AR BLAR A 22 S B (P<<0.05) (J&] TA), TR ARAMRTE A 42 B i i
AT . AR T LA AR B o A o ) ()7 BURR AR, RIS ) T SE ) AR O A SR B R AR G
WK, MEBBEZ A o ER—TIERT, /MEB (De<<12 cm) MEBE KT PAEH (12 em< Dpe<<24
em) K AR By (Dpn=24 em) PMAKL(P<0.05), 27 63.89%~78.72%, W% ELAT T AE (1 K 9% 5T fig
Jio FER—AEBEH T, TRV B/MER MK AP ARB SR BCR AR B A AR 2 2/ T A T4
ER(P<0.05), KUHETIHFERT, A NHBEFRER R UE BRI LM AR, 8 /N

9 A A PR RS AR T AR T AR IR AR B RE ) A A 7=
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Figure 1 Distribution of Dy and tree height along a disturbance gradient
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TG T ~IV S e v A AR i 45 44 22 5 i 35 (P<0.05) (181 1B), TR ARANMARTE & i3 B G i 450
AT . TARAEG [ ~IVE S S LR I 4R, T A2 19 w8 B SR W (B35 s A oo B 0 5~T 2%, I ) i ]
BRI, A G (W R <9 m) MR 2 T B (9 m< B <15 m) B 8 BE G (B 1R = 15 m) AN A
¥ (P<0.05), £RWETMFELMTEELM G TRE. TIHRERLV S &S ER D EEEZR AR FH
(P>0.05), HArAif 2 DR (5~7 Jf 15~17 4¢), JF H B R R M SR (B R 19), Wl TH5FR
VR m 24 52 N T mA K, MRor I B A 25 A FRE
3.3 =ZE4LH

AN [ T 4055 2R 1) gk i R AR AR BE R T 0 5F R x5 AETFHMERZELHEHIFFE
mihn, AREZEEEK(FES), IKIEFEHMANRE  Table 5 Structural characteristics of spatial structure along a
(W) RRE, 24 W>0.517 B B0 i jlig disturbance gradient

SR TR R TR, FLBEZ TRy PRI RRE Robms R

B

AN 0 5 G ] i O A PR B A T 90 4 ) I dm4 0@% Mm7
I3, KN EEEOE E /N o A AT P05 ) o 2 v 0582 7 0,492 2 0708 3
] I O A MR A TR IR A, B RRAROR 19 4 BR A v 0590 8 0485 0 0.676 1
EPA P AT — 2 L S BRI i 42 K o P 0.045<0.05  0.039<0.05  0.017<0.05

AN TR T8 55 00 5 4 il I O A AR 2 T 0 55 )
FREIN , TR AE BRI /N o N TR0 55 G 1 5 e ) It Uk 2 MRS 1) R TR A RS, B A RO S
B 2~3 BRILABB R . — M, RSSO, MR RS e, BEE TR, Mooy AR e
ANWTREAR, ASFI TR i fa BAR e AR K o
3.4 LR

MWL 6 W LIEH: AR TIFER T WS B E R &2 PETIHMS (TSR ) RA &
E YRR B, B TR A e AR BT UM 1 Margalef $5%1, Shannon-Wiener 45 %%
AR R R i T HAL T 59, TS Margalef $5 %%, Shannon-Wiener $5 % & 4~ 44 Fh 40
fIG, HoAth T4 5m S8 BH 2 R K o Pielou T8 5BE % THL5RE B, FRECRBIN . BARE, A
THERIGK, o ZHERRECEEEN, 2T AR T M0 o ZREPEIEECY & T HE T
5% o Simpson MR FEIREAEANF T EHR T BELIL, FETHRAMRNARER S, BE THREME
APEFRBURAR

K6 ARFHMERT « SR

Table 6 a-diversity along a different disturbance gradient

0 ZAEEI
VIR =6 B R FECE Margalef $5 %0 Shannon-Wiener 850 AP %L Pielou f8%r  Simpson {L# 5%

I 44 6 4.50 = 0.49 2.60 + 0.12 0.24 + 0.04 1.20 = 0.08 0.13 + 0.02
I 59 17 3.51 = 0.19 225 +0.07 0.20 + 0.01 0.81 =0.02 0.15 + 0.01
I 45 8 351 +£222 222 +0.13 022 +0.04 0.85 = 0.02 0.10 + 0.02
I\ 41 9 3.62 = 0.75 231 +0.23 0.19 + 0.03 0.82 = 0.03 0.11 + 0.02
\Y 31 6 3.20 = 0.39 1.49 = 1.20 0.12 + 0.05 045 = 0.33 0.52 + 0.40
F 3.359 13.316 1.261 24.402 82.596

P 0.029<<0.05 0.000<<0.05 0.032<<0.05 0.000<<0.05 0.000<<0.05

Wi TUEAF R PETT, Jaccard MRS RE BB E R 7), TR D, T, I, V5 THEER
Vi Jaccard ARAUFE BOABIRAR ,, e rb A2 B2 T I A0SR B2 T4 Z B FAR AR B, H B T R AR 0 22 1) 49 ol
GiERIPR Gt I TS I 7V 9 N 2 31 ) Vo 7/ LR D & L O ) R R N s 8

4 Zib 5T
T S R 71 T AR A 25 2 50 P B IE 35 B 0 3 4 Bl vk A AR 2 T B SR JEE 2, R ) T
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MER ERG N S Zm 22 R 8% AR TH5% R7 AETFHREZTHMEMNE
RER A Han TE <] ®B, HEEE TICEHRME  Table 7 Jaccard’s coefficient along a disturbance gradient
K, BMOBRIEE AL RUEF S 2 Mk, Ty THE% 1 it i \l

T~ IV 25 40 0 g 2 LR T 28 T P45 M e R 111 100 1‘0‘3-8 iii ‘3“2“1) z;;
THAERVA 2NV A B B2 RO R RS S
B OMELHORRUE. WS R, o
B T ORI RO R, BRAM RS B R, ARAMR 00

TUHPR AT KN HCBB BT, A3 TP PR
RASEZ W/, Mo m TR RSN . Moo TanEn, AW Ai s . REE
B BB . RARFOL ARG NGO A A, L T A BER AL, ek T I Se AR /Y e 37 4
M, PSRN RERSE, AR AL TR E RS, R AR AR E PE R . X LRl R, A TR T
PO X0 R 45K A B B AR R o R TSR AR, AR SRR, BRMAESIIRE R, BE
TE RN SE B, DT [ R 0 ) b 2

NN TR 8 2 e v O A AR B W) b 2 AR 7 AR SRR R o BEE TR AR SR R, ARk W A RO L
5 ZAEVEAR BONEY A B B0 R BRI B X SIANIE B T RE I I Al ZREE RS TR
YL MESIEAR B, HERZ A BRAEEE AR YA ZHEPEDT TS5 R — B X AT RES 2 R AR T AR
PR A B A (E 58 3 B Fagaceae MBI AIA G, JLH LIRS Ry 32,
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