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Population structure and spatial distribution pattern of Cyclobalanopsis
gracilis in the evergreen and deciduous broad-leaved forest in Mount Tianmu
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( 1. College of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China;
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Abstract: [Objective] Cyclobalanopsis gracilis is the main tree species in central subtropical forests and one
of the dominant tree species in the evergreen deciduous broad-leaved mixed forest in National Nature Reserve
of Mount Tianmu. The purpose is to investigate the population structure and spatial distribution pattern of C.
gracilis in forest communities under natural conditions, as well as its dynamic law and impact mechanism,

which is of great significance for forest ecological restoration, development of C. gracilis population, and
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conservation and management of the evergreen deciduous broad-leaved mixed forest in the study area.
[Method] Based on the survey data in the fixed monitoring sample plots of 1 hm*(100 mx100 m) of the
evergreen deciduous broad-leaved mixed forest in Mount Tianmu in 2012 and 2017, the dynamic variation
characteristics of population structure and distribution pattern of C. gracilis were analyzed from the aspects of
population quantity characteristics, age class structure and spatial distribution. [Result] (1) From 2012 to 2017,
the individual population of C. gracilis increased from 276 to 291, with 25 dead individuals and 40 new
individuals. The annual population growth rate was 1.06%. The average diameter at breast height (DBH) of the
population increased from 10.65 cm to 10.82 c¢m, and the basal area increased from 4.71 m*-hm™ to 5.15
m?-hm™. (2) The age structure of C. gracilis population showed an inverted “J]” shape, with a good natural
regeneration and stable population structure. (3) The new and dead individuals of C. gracilis population were
concentrated in the seedling and young stage (I —1I age classes ), and showed a downward trend with the
increase of age class. (4) The distribution of C. gracilis population was aggregated as a whole, and changed to
random distribution with the increase of age class. The aggregation intensity of seedlings in 2017 decreased
compared with 2012, while the aggregation intensity of young and middle trees was slightly enhanced. (5) The
spatial correlation between each growth stage was positively correlated at a small scale, and transitioned to no
correlation or negative correlation with the increase of scale. In 2017, the spatial positive correlation between
the other growth stages was slightly enhanced except for seedlings and middle trees, young and big trees.
[Conclusion] The population of C. gracilis in the evergreen and deciduous broad-leaved mixed forest of
Mount Tianmu belongs to the stable growth type, and is clustered as a whole. The spatial correlation between
different growth stages is positively correlated in small-scale space, reflecting a survival strategy and adaptive
mechanism in the development of C. gracilis population. There is no significant change in population structure
and spatial distribution pattern during the five years. The aggregation distribution of young individuals is
restricted by density and the competition among young individuals is intense. To maintain long-term stability of
the population, artificial control can be carried out in stages if necessary. [Ch, 4 fig. 1 tab. 25 ref.]

Key words: Mount Tianmu; evergreen deciduous broad-leaved mixed forest; Cyclobalanopsis gracilis;

population structure; spatial distribution pattern

ARARIETR th DL AR R A RIS 4 S 23 (8] o0 A 2 M AR AR S A B FE i . HET, ST RS i
23 [} I3 AR BRI R 22 5 TR O A 45 3, X Hesh 28 I A IS A 22 0L, fh T il /DRSBTS s 0 5
W, HEERAATE— @ R BRED, A2 25 3 G0 i K30 0 D R 6% Sy F 90 20 28 R G i T ) AR 4R Pl SR i
B, SR R IR AE BRI A &, AR RE BRIk R EA EEE Y, Tk,
7K A M A b 2 28 1A BRAR S 2SI 1) £ 2T B

-F X Cyclobalanopsis gracilis }35¢ 3} #} Fagaceae T X J& Cyclobalanopsis & 5 Fv A, &V 1Ay
WERVE N MR SR AR AR E), M@, BARENATTIEMESS, T izohT
AR WG AR TR BEML T HOR L BRPESER (HIAIX). HAT, KT XIS
FEAE TP PR | A B AT T ST, R RESS A A A o A R R B E R D . AR RE TR H L
R H SRR X B 5 o P - o] YR SRR HE b 2012 1 2017 AR R TR A EiHlE . 430 FARIRES TR o 4%
75 I R A AR b Ar 35 R REES A A s [R] 3 A s Ry, BRI S SIR S bl 5 1 1% XA bR
HRRSIRAE . AT X RIRE e LA 2 s I ) TR S AR AR D 3P4 R A Al

1 B KA

K H I EZ S A SRR XA FHTAA BTG ZE X (30°18'307~30°24'55"N, 119°24'11"~119°28'21"E),
FEAN AT 1506 m®, LRI X oAb ol $iay Jb 2k, Jg8 s R XU, R4, AR AR
8.8~14.8 °C, FHIRFE/KHE 1390.0~1870.0 mm. PRI IXHIBSSHY ZHE, Mo 0 776 BB 0 3 B3, W



55 40 B4 5 4] R R L Sk R R SRR -7 RS54 5 25 18] Al i J=) 1075

W H R AR R B SR I AR (850.0 m DA H SR IE I R S AR (850.0~1100.0 m), 7% I I A
(1100.0~1380.0 m)., 7&H#EHK (1380.0 m Lk )P,

2 MRk

2.1 #MIRE SHEERIE

Shy W I eI B RS RGBSR AL, 1996 AR FEWTF I X e 5 MR & S 95 R RS AR, dST
T 135 1 hm?(100 mx 100 m) Y E WEMEEHL . R ERAT B A7 30°2022"N, 119°25'47"E, 44 1066.2
m. PRI ST 25 A4 20 mx20 m (/METS, XTFERBIN IR (Dgr) =10.0 cm MRAAEAREER G5, 5%
Wafs . skl . WL FET AR . AERCIROLAERRIE . 25 IR B/ MR A ARSI K B A S0 B Rk
KIHTE 2012 AE X DA T 2 A PR R I M 22 98 8 1.0 em,  XPFREHB AR ASAE AR AT B ARKG R, XRG4
A (Dgy=1.0 em) HATHER G5, RFET-MARPIRASHATIC %

K FH 2012 F1 2017 48 2 S A A B HEAT FO L, Ar BT A 55 KRR AG 5 20 A A R I S S AR . H
Hr, 2012 AEREH N ISR BIRAAEY) 4 369 tk, SR 44 BL 718 121 Fl, FIAESY 3.96 m, P
4 5.65 cm; 2017 AEREME NI SEBIARAAEY) 4 375 Bk, I 45 FL73 8 113 Fh, PR 4.80m, P
W42 A 6.10 em. BEML TP ) FEERFE M F X . 38 1EAR Daphniphyllum macropodum . K- 1115 4
Lindera praecox. %2 K Cunninghamia lanceolata, "' [E %5 Bk Hydrangea chinensi. T %Ml Cyclocarya
paliurus . % B Lithocarpus brevicaudatus ., S Liquidambar acalycina, &+ Eurya hebeclados .
HEJEHK Viburnum erosum %5,

22 WREXS

R AR R EE AR AW A5 4, AR b 81 A 5080 1) S PR it 00 01528 A DG SCIK [10], K25 X 42
D) X437 8 %59 . 19 (1.0<Dpy<2.5 cm), M4 2.5<Dpuy<7.5 cm), %% (7.5<Dgy<<12.5
em), IV (12.5<Dgy<17.5cm). V& (17.5<Dpy<22.5cm), VIZ (22.5<Dgy<<27.5cm), I 27.5<
Dpy<<32.5 cm), MIZ (Dpp=32.5 cm). M5 R 73 0942 R ah Fke 45 KR RE 2> gl v (1 2). 2
(M50, R (M~V )., KA (VISZH4 DR BB .

2.3 FhEEEE

MRYEF G ST MREL, A Hr it 5 RIF BRI FE TR [M=(InNy—InS)/T]. T HR [R=(InN—InS,)/T] F1F
ARG (A=R-M), H: Ny FHEREEESS 1 WORA R AR, N Rz eSS 2 A A i A
B, S CORZFNRELESS 2 YOM A BHAAE MRS, T8 2 R A BRIl g . FET-AMAE 4S5 A AR T80
EAREI AR s BTG AR AR 2017 AE T A T LAY B4R (D) =1.0 em B MA (¥ Dpy=5.0 em 194
AR S 1 A A A AMA, BTN ARSI .

24 MEBZEEED

241 APBERFARKO-BEE N AR 5HT AT RR T Ripley #2119 K(r) BREC BT 5,
K(r) = %Z,Z‘ Wll_jlr(u,-p, (i )

Hve r DL EARREA SRR IR A2 s A4 SRR n AR AR RRE s wy S A R Z A B

B, Huy<rif, Luy)=1; u=rht, Lu)=0; wy; ALFBAIERE, LA i B, u; AR

P& TEREHLTET AR 4 TPy L], — T ABOW S B MR RE . o 1 00 EOULHE A R S PRy 25 () A% Sy, K

H Ripley’s L(r) BRELER -

L(r) = K(r)

Horfr: 4 L(n=0 i, FoRMEE=s W RUE r WEEHL M5 24 L) <O B, Fon A e =S (8] RUE r 2]
oM s L) >0 B, FORMREEZSRINUE r WERENM
242 FBERF A RKGBOG RN 5 A R BESAT A5 [E] S0 G R R AT AT

A 1 o,
Ko()="on ), ). % -

i=1 j=1 "

—To



1076 WroIL R R K A R 2023 4E10 H 20 H

Horbs Kio(r) Fs 890 1 AR 2 Z 1A 89 Ko(r) fTHE, ny FR2 9% 1 BRI AR ny FoR129% 2 19
AL [FRE, L) AR Kpp(r), A

L= 220,

Hrr: M Liy(r)=0. Lip(r)<OF L,(n>08, 2HIFRRNEH 1 5B% 2 AW REE » FIAHKE ., M
X, IEME,

AW ST AL 52 423 R BEMLRE Y, K% ] Monte-Carlo & 465, Zoad 199 W B M-S 158 B 5 K
99% B A5 X R, PEATSS SR 2 REUIR S B35 AT . 5 L) M Lyo(r) (AR ER X Z N, FoRFiif R
BEHL/ o 2 NMERZ RIS [ EEEXZ F, iR RENmDk 2 MEgZm 225 A IE
XK AEBGXEIZT, FORFRERIA ML 2 MEHCZ A 225 [ AAHDC . i/ Nl R IE X s
B, T REBRETE 0~25 m, KK 1 m, Bl il B i 4E B4 Programita S8 A

3 HEREHN

3.1 AMERMBERSHE

3.1.1 et H R ABRFHAE T 2012 4EAEHD N IC SR BN 407 X 3R 276 Bk, 2017 4F R 291 Bk, %%
2012 AR 15 Bk, FREEAFHE AR 1.06%, FRfEAD N
MEHUEIR K L Salil, BEHEPBTHE M 40 B ®1 AMBHMEMELE

55 2002 A PG00 13.49%, Er- L Qe e € i
AR 25 Bk, 2012 AR AT KR RE AR TR e dosom s diem b
9.06%. 475 X Fh #7241 f 42 AN 10.65 cm 3 i ) 2012 276 10.65 471
10.82 cm, H@%Mﬁ%}{M 4.71 mz‘hm72 ;tjm @J 5.15 2017 291 25 40 10.82 5.15
m?*-hm2(Z% 1),

312 AESFEHLM 2 WIAA PN E R FEES RS R A T B (& D, RIS ER S R,
2012 F1 2017 4F400E 3 KA EELIE . 2 (T ~ NS0 AMARE 3 B ARSI 53.99% F1 54.64%, B
WGBTS, R A R EATER MRS, B TR, 2017 F T %
HAt A T HA AR 20 #k-hm ™, MRSt A TS B9 AT 11 #k-hm ™2, AT ZtE A IV i 25 1)
AT 8 Kk-hm?, MIVIEIEA VIR HA AT 7 ¥k-hm™2, MV IRt A VIR 89 MAF 6 #-hm ™2,
VIS G ite AV AR 7 - hm ™, DVt AVIIRE R A 4 #k-bm >, BR T . IV
M TARKEA T —BRENERRZ, AR AEENMAR L, FEMEECR IS, HAAR A A
g, safml, mEMRAERKERNTT, 400 KIFEEEAMEAECE — 228k, (HIHAEM AR LR B
E, IR ORRRER BT R A A RBOR D kg, R FAR A B R

313 HTHIANARLSH  FEHEIET-FN 1.90%, EFHHRN 2.96%, MR R I T AR 1 0
H, FETSHIARMR G A A8 <17 B, ORFES AT 5 AR K (K 2). SETAMA
S FE N 6.68 cm, HEHAELNTE . A BB ([~T 890, JET-AMARCH 19 %k, HAET- BB
76.00%, 2= PAARES 91 Al 5w i, FET- s M HAET-/MAECh 38k, HIET- BRI
12.00%, V. VIEEICIET-AMAE, VI VIESHIETAMRES 0 1R 2 Bk, A5 6T A 4.00% F
8.00%, VLW E I B A EIETMIXF 4>, Bl S RE B 4R 234 em. T IRHAGHE AN AR Z, H
26 Bk, ATHTE AR 65.00%, TTRSSCHTIG SR 14 8k, (5B AEEE) 35.00%, T~VITE 2 0 HT
WA, BAORE, FET SR MR T AR S, FLRA RS G i A R R R

3.2 METFESMIE/S T EKEE

321 FrBEERE AR TR H I KRR T A% SR A A B (K 3): AR A KB B4 i X
FRBERYZS B A0S SR AT T 22 5% 0 2012 4F, 475 IFPHFREARTE 0~21 m 25 i) RUBE N &2 g 1 SR AR 0 A
FE 22~25 m A REN ZHEHL AR, Higm RBERE R 3.013, XFMZSEIRER 1 m; 2H7E 0~18 m =5
)RR 5t B A AT, A 19~25 m 23 [B] ] S RlAILA A, Hodme i SRAR SR O 4.425, X i 4[] R




55 40 B4 5 4] RIBAGAT K H I 2R R SR 77 XRS5 AL 5 25 (8] 50 A Je) 1077

100 30
[]2012 4 | AN
W 2017 4 2s L i1k
80 |
g 20
60 - %
£ =
= 15
= 2
¥ 40 | <
& 10
<
20 + 5
0 — 0
I m v v v Vi Wi I o m v v v i Wi
[/ [
A1 et H AR H B2 fmetE KRBT B T AR R L
Figure 1  Age class structure of C. gracilis population Figure 2 Age class structure of new and dead individuals of C. gracilis
population
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Figure 3 Spatial distribution pattern of different growth stages
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Figure 4 Spatial correlation of different growth stages
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