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Abstract: [Objective] In the low-quality and low-efficiency Pinus massoniana secondary forest in Cili
County, Hunan Province of central China, the niche characteristics of seedlings under different-sized forest
gaps during the early stage of gap phase were analyzed and compared to grasp the niche law of forest gap
regeneration, and explore the technology of artificial promotion of natural regeneration. [Method] The
ecological community survey method was used to investigate the characteristics of forest gap. Niche
characteristics of dominant shrub layer species in Pinus massoniana secondary forest during gap vegetation

regeneration were analyzed. [Result] (1) At the initial stage of gap regeneration, the species and number of
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plants in the shrub layer in the gap were increased compared with those in the forest. The ranking of
important values of dominant tree species in the shrub layer was significantly different. Positive tree species
such as Rhus chinensis, Loropetalum chinense, Myrsine africana were ranked higher in the gap. (2) During
the early stage, the niche breadth values of the plants in different-sized gaps appeared differentiation. The
ecological width of Rhus chinensis, Broussonetia kaempferi, Rubus corchorifolius etc. all showed such a
pattern (medium gap > large gap > small gap = the understory). Other plants were not sensitive to the forest
gap. (3) The species with niche overlap values (> 0.1) accounted for 85.71%, 92.98%, 44.64 and 12.5% of
the species in the large forest gaps (445—480 m?), medium forest gaps (150—180 m?), small forest gaps
(6885 m?) and the understory, respectively. [Conclusion] Gap size has a certain effect on plant
regeneration, and the niche characteristics of plant seedlings are different under different gap area. In the
medium gap (150—180 m?), the ecological overlap of regeneration seedlings in Pinus massoniana secondary
forest is large. All species could make relatively balanced and effective use of environmental resources, and
the regeneration situation is good and stable, which promotes the natural regeneration of the Pinus

massoniana secondary forest. It is beneficial to the conservation of biodiversity and the improvement of

545 4%

forest carbon storage of Pinus massoniana secondary forest.
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Tab. 1 General information of forest gaps
WE RS TR A 2% MR T HhFE A E Wi AL VEN
Forest gap sample plot No.  Area grade(D/H) Forest gap area/m’ Geographic position Slope direction Formation way
Gl 0.5 68 110°11'12"E, 29°13'50"N TEZ Due east A% Cutting
G2 0.5 75 110°18'10"E, 29°13'48"N 7Rk Northeast KA Cutting
G3 0.5 70 110°25'12"E, 29°13'46"N Rk Northeast KA% Cutting
G4 0.5 78 110°30'12"E, 29°14'02"N IE4 Due east A% Cutting
G5 0.5 80 110°50'10"E, 29°13'44"N 7Rk Northeast KA Cutting
G6 0.5 85 110°10'12"E, 29°13'45"N IEZ Due east FA%: Cutting
G7 1.5 180 110°41'35"E, 29°13'53"N %k Northeast A% Cutting
G8 15 183 110°11'52"E, 29°13'48"N 7<F4 Southeast KA Cutting
G9 1.5 190 110°15'12"E, 29°13'45"N Rk Northeast KA% Cutting
G10 1.5 200 110°1022"E, 29°14'58"N IE% Due east RA% Cutting
Gl1 15 180 110°52'11"E, 29°13'50"N 7Rk Northeast KA Cutting
GI2 1.5 185 110°30'39"E, 29°13'55"N %F Southeast K% Cutting
GI3 2.5 450 110°10'31"E, 29°13'50"N %4t Northeast RA% Cutting
Gl4 2.5 480 110°45"29"E, 29°13'48"N IEZ Due east A% Cutting
Gl5 2.5 445 110°21'10"E, 29°13'46"N %4t Northeast K% Cutting
G16 25 460 110°31'12"E, 29°14'06"N 7XFF Southeast KAX Cutting
G17 25 480 110°19'35"E, 29°13'54"N 7Rk Northeast KA Cutting
GI8 2.5 475 110°13'48"E, 29°13'57"N %F Southeast K% Cutting
NG19 0 100 110°12"25"E, 29°15'07"N #<F Southeast FA% Natural
NG20 0 100 110°12'33"E, 29°15'14"N IEZR Due east HAX Natural
NG21 0 100 110°13"21"E, 29°15'12"N 74t Northeast FA% Natural

W : DIHR SR E R S T, BIARE K 2 F (D S5 GAR @ E DM . 4% Gl ~ GON/IRE, W5 G7 ~ GI2ZNFMHE, &5 G13 ~
GISHKME, 4i'5 NG19 ~ NG21 9 N . Notes: D/H represents the ratio of diameter to height of forest gap, the ratio of the sum of the long axis and
short axis of forest gap (D) to the height of the border trees (H). G1 to G6 are small gaps, G7 to G12 are medium gaps, G13 to G18 are large gaps, and

NG19 to NG21 are the understory.
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Tab.2 Importance value of dominant species in shrub layer of Pinus massoniana secondary forest gaps

W #l AR 7 X AHX 3t HIEE
Species Family Relgtlve Relative Relative Important
height frequency coverage value/%
SRIRA Rhus chinensis BRI Anacardiaceae 0.92 0.07 0.12 36.77
MEAK Loropetalum chinense SR Hamamelidaceae 0.83 0.06 0.12 33.52
/KR Broussonetia kazinoki %%} Moraceae 0.79 0.06 0.04 29.74
AT Myrsine afiicana %4 2F | Primulaceae 0.02 0.73 0.06 27.29
1L1%E Rubus corchorifolius ARl Rosaceae 0.05 0.70 0.05 26.75
WK Castanopsis sclerophylla 553} F} Fagaceae 0.05 0.67 0.07 26.40
B 5% Smilax corbularia A4 %} Liliaceae 0.03 0.63 0.02 22.77
FH X Cyclobalanopsis glauca 5%2}F} Fagaceae 0.63 0.03 0.03 22.68
M Camellia oleifera 1% %} Theaceae 0.02 0.63 0.02 22.51
2L B Mallotus paxii Kk F} Euphorbiaceae 0.03 0.60 0.04 22.34
Py TERR Zanthoxylum armatum 2% F} Rutaceae 0.02 0.63 0.01 2234
B} E# Toxicodendron sylvestre B E} Anacardiaceae 0.54 0.06 0.04 21.29
9¥1 Triadica sebifera KEk#} Euphorbiaceae 0.03 0.57 0.03 20.90
KK Quercus fabri 5%2}F} Fagaceae 0.54 0.03 0.03 19.79
&M Rosa laevigata R} Rosaceae 0.54 0.02 0.02 19.36
KR Celtis biondii il Ulmaceae 0.03 0.53 0.01 18.99
KK Aralia chinensis FNE} Araliaceae 0.50 0.03 0.01 18.11
=M AKIE Akebia trifoliate AiEFl Lardizabalaceae 0.50 0.01 0.01 17.36
$51¥ Dalbergia hupeana %} Leguminosae 0.02 0.43 0.02 15.70
A Pinus massoniana FA%} Pinaceae 0.38 0.01 0.01 13.30
A Serissa serissoides P 5 F} Rubiaceae 0.01 0.37 0.01 12.94
#:3f| Vitex negundo var. cannabifolia L ¥FE Rl Verbenaceae 0.33 0.03 0.01 12.61

50

B RAE Large forest gap

B TPARE Medium forest gap

B /NHRTE Small forest gap
FKF Understory

T E(H Important value/%
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Fig. 1 Characteristics of dominant species in shrub layer of Pinus massoniana secondary forest gaps
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JMAS Camellia oleifera

Ut 3E2E Smilax corbularia
W 5HE Castanopsis sclerophylla
W 1% Rubus corchorifolius
W AT Myrsine africana

W /IMAR Broussonetia kazinoki

W 2K Loropetalum chinense
B LK Rhus chinensis

0 LB(SW) LB(L) MB(SW) MB(L) SB(SW) SB(L) CB(SW) CB(L)

LB(SW) 7~ K & Shannon-Wiener 4 75 % FZ 45 4, MB(SW) %/~ 1 Ak % Shannon-Wiener 42 25 5 FZ #6541, SB(SW) R/~ /Mk % Shannon-
Wiener 242 25 %5 FEF8 0, LB(L) #on KME Levins 42598 B 1540, MB(L) %R WK & Levins £ 2598 B 1850, SB(L) #on/IMAM & Levins £ 75
% £ 46 4, CB(L) 37~ % B FE Hh /) Shannon-Wiener 4= 75 5 i 16 4, CB(SW) 3K 7 % IR FE b ) Levins 2E 45 95 FE #8640 . LB(SW) indicates
Shannon-Wiener ecological width index in the large forest gap, MB(SW) indicates Shannon-Wiener ecological width index in the medium gap,
SB(SW) indicates Shannon-Wiener ecological width index in the small gap, LB(L) indicates Levins ecological width index in the large gap. MB(L)
indicates the Levins ecological width index in the medium gap, SB(L) indicates the Levins ecological width index in the small gap, CB(L) indicates
the Shannon-Wiener ecological width index in the understory, and CB(SW) indicates the Levins ecological width index in the understory.

B2 DR R A MHEARZ AP A S T8 L

Fig. 2 Niche breadth of the dominant species in shrub layer of Pinus massoniana secondary forest gaps



WRALACSE: I AR A MR BT A A J2 34 o A 2 B 7 5 33

E R
1.0
B
Camellia oleifera [ 0.9
LinEre
Smilax corbularia [ 0.8
Castanopsis sclerophylla | 0.7
A | 0.6
Rubus corchorifolius
0.5
Myrsine africana [ . 0.4
JINFR
Broussonetia kazinoki | 0.3
) L 0.2
Loropetalum chinense
A 0.1
Rhus chinensis
s s s s s s s 0
%% %3 BZ EE BE ES Ry %E
By #3 £Ff ®§ IF #HE KBS B
S T
E - T
ER H H s = s 3
E H 5 g 3 z 8 g
S 2 5 ¢ &% 08
2 3 2 5 s <
$2 s 5
= Q & 5
o
A
1.0
S|
Celtis biondii 09
PrmbAEm | 0.8
Zanthoxylum armatum .
I | 0.7
Rhus chinensis
0.6
Myrsine aficana |
) 0.5
HaA L
Loropetalum chinense 04
L
Dalbergia hupeana 0.3
ZUnFEPH L 0.2
Mallotus paxii
ik 0.1
Quercus fabri X X X X X X 0
$£3 ET EY Ky LI K¢ EI =S
IS K ®3 #3 K§ 25 ®¥§ 28
s zz §F 0§ 8 S O£l m:
3 E £ S 1S5 £ 23 Py
§ 883 s N S = 2
S 3 8o s 5 E] g S
S = 3 3 2 ] = <
£ 3 = g
S ) = £
Q § =
= N
C

Pt AEAs 1.0
Zanthoxylum armatum |
0.9
kA
Rhus chinensis | 0.8
/N
Broussonetia kazinoki 0.7
fr | 0.6
Myrsine africana
. 0.5
Rubus corchorifolius 0.4
T
velobalanopsis glauca [ .
Cyclobalanopsis gl 0.3
Akt | 0.2
Toxicodendron sylvestre :
ik 0.1
Loropetalum chinense
L L L L L L 0
%% ®p T§ @8 BT EX %% ES
@ 2§ #5 =5 K§ oms o3 3%
3 X% % T E <£Y§ #£:§f &8
S = 2 3 s 2 5 E3§
5 5 FA R : s
T 0§ § ¢ £ & & =
RN - D
I T 3
B
ZLnHEH 1.0
Mallotus paxii
et 0.9
Zanthoxylum armatum 0.8
i .
Camellia oleifera 0.7
s .
Smilax corbularia 0.6
Castanopsis sclerophylla 0 5
JINESS .
Rubus corchorifolius
0.4
Myrsine africana 0 3
B) k’l\m*ﬁ .
roussonetia kazinoki
0.2
Loropetalum chinense
HhikA 0.1
Rhus chinensis 0
¥% %y R LIRS ES Ky RIESED
HT #E3 £ K3 I #15 By BT REER
#f £<) €Y% §=X TEfEs
S Y sz 0§ IET sEIHE
g § 5§ § ¢ % ¢ 5 § 3
= 3 § £ $ £ & § 1 =
2 z = g 2 i 8 g
s £ 0§ 3 3
s
3 s € 3 3
)
D

A RN RME WIEARZ R AFR SRR B 2R THRE WREARZ AR ESHERE; C R MRE AR MRB TR L
BMNEZE; DR HFEERZRAMBEM AL EZE. A indicates the niche overlap of dominant species in the shrub of large gaps;
B indicates niche overlap of dominant species in the shrub of medium gaps; C indicates niche overlap of dominant species in the shrub of small gap;

D indicates niche overlap of dominant species in the shrub of controlled sample.

K3

HERZ AR LS ERE

Fig. 3 Niche overlap of dominant species in the shrub

B B (A 7E R A B b 2 e, R R AR e
W 1 A5 R R TSR
3 3t S

TR B P53 K R P 2 AR BSOS, A
T T B 5 R R 1 2 5600, T 585K 58 37
SO0 B b - T R A SRR R o M T AR KN R
50, FR A P K AR B A B 22 5, A7
T B 0 1 e VR UROR B B R R
1, INTTTEZ0E T AR ARTETE AR S R IR 38 B2,
AHFFCRIN, PR AT HII , AKX T8 A YA b S 55
LT (L B4 A 2 T BN . IR — R B IR
FEAEMR BRI R 2 . B RO B AT
ANHRRE . LR B AR R 7 bR B PR B R, 1 T
A8 B2 1R B ARG LA A 5 K TR A b e 35

e, gL KRR T HAL, A KBRS
P e AESA B SRR E . MR I
I, SR PR A, B AEUK, fEE
ABHIRA I b5 E A B 3 X RS
R PR £ /N PR T P9 B AR #A 0A, HARH R
e AELLE KRBT o (0 B2 R I BE 2R /BT B AT
B M AT R T R AR R AR MR PR 2L A 45
1), SN T S R RA M AR 2 FEE

24 3 PR (R B 23 MDA L, M 4
S0 B A A ) 2 A T R A 285 2 R e A B P S 4
TN, S I v B AR A A e AR A AR, R
OB A S A BB R, M E T, S
AT (1 A2 AL BB AR A K, Ul WK P AN PR A v S5
AL BRI SR, R ARE N, TS AT
FERUR A 25 B B RO, FUORBRAT 5 AT AR A7



34 b = ok X

¥k

545 4%

HAEWUS Z WA A AE BHIR L 2 ANR AT, SR
S5 SAT AR ARSI RS ERE N,
BAF 5/ BN, HAb ) M A S E B A
/N o AT FUAN T 8 AR BT /N R AE, BB T
JRE A IR HE MM T A A1 B T 40 1 D 2 T 8 R P A 0
FE 5y AR CE MR, AT P AR A [RS8 4 v v P A
SHUESENATRERREZ, [RSWAK LY S
FrPEA RO, 3815 5 RFA R A MRIR B8 B ) v E A
5 SN e JO PR A DR US20T AR R P S A s R
I R 5 2 2 % 8] A i — 4, T A 248 52 ) A A
BRTRE— DR o BT AN R YRR A ST 4l
A LA B AR 2 5, TR\ E R I ) 22 5 DA R AT Y
Z 5t BN FER R G I & A R E AR
WEFCAIARTT T MR T 4T3 1) 00 S R e 2 A
AL, AR RN 2 234 S 5V AR T o s S 4 R A
KA, I - IR R, F 4
AL AR AL HEMK B 0F TR -

AMAES RGN B RS DR
fahR, XA Z R R E BAT > HER RS
& ST Bl BE N B AL, W TR SE T 4l v 2k
ASALRFAE, ASURT LA S e B8 38 4 e S5 AR S A R AL
(7 I 413 P SR R AL AR B 40 ) 5 SR o TR A M RELAR 3
& ULRCRAERMAES R B a5 ARG L
R RO FLU ] T S R IRAEMRES RS
P, T i H S AR T (150 ~ 180 m™) 7E R T RE K £ 4L
A SRR TR BAT AN R A ) AR 2 AR AR R 1 B B
PGSR 5 IR, XA R T 5 AR5 H AR x4
A TR B A, AT 4ERF AR 2 AR A A TS
AT, PR EERR 3 ST A A B B L

4 % ®

R SRV, MR N EEARE M R4 =
BN IA5 2038 0, BEARZ 0 WA B A 2
UEA R 22 5, SRR HEAS . A 5 I A A ot 7 A
P HE P A7 BB EERT . FEYTE AR B ) B, 3L
AR AT R BEAEAEAS R RN R 9 2 B2 AR,
ERIRA Y A2 25 %5 B : MBSW(0.71) > LBSW(0.38) >
SBSW(0.26) = CBSW (FRIA ;s HEA /NFIRR L R AT
Ly 5 8 T H KR () A At REL A0 0 T e SR
AR, RS TR AR AR AR E A AR ARE N AR AN B
o KARE RS ANRE AR T A S AL B
KT 0.1 PR EHT &7 EeAs] 73 501 85.719%- 92.98%-
44.64% F1 12.5%.

AR S ELE MR B BT S e T 4 P 0 bR R AR A A
PR3 VA, AN 5] R /N PR B 40 A S A R A A7 AE T
ZER . W N MY FE G SR T A LYY

51 SEEE . PR (150 ~ 180 m®) P By B A Y A bk B
Wrahw A S EE K, EER R HARE, MR
FAURAE MR TE 0T L e BEAE L, A A T S AR IR
EMRA ZREER PR B AR R i R 4R T

Z £ X #t

(1] i B, 44k B, MRBR (GAP) T30 B 7c 3k Jg (J]. #holk Bl 2,
1998, 34(1): 90-98.

Zang R G, Xu H C. Advances in forest gap disturbance
research[J]. Scientia Silvae Sinicae, 1998, 34(1): 90-98.

(2] TROHE, RECH, BEEM, &5 ME FIIT AR ]. EBFARE, 2017,
26(4): 587-594.

Tan H, Zhu J J, Kang H Z, et al. A research review on forest gap
disturbance[J]. Chinese Journal of Ecology, 2017, 26(4):
587-594.

(3] BRfbAk, &0, TH, % 00 30 EREM Rl RS Ry 2T
SCHR TR i DD Bl R RS R A2, 2021, 1(2):
68-79.

Chen S Y, Jiang C Q, Wang H, et al. Advance in studies on forest
gap in recent 30 years based on bibliometrics[J]. Terrestrial
Ecosystem and Conservation, 2021, 1(2): 68—79.

[4] Watt A S. Pattern and process in the plant community[J]. Journal
of Ecology, 1947, 35(1/2): 1-22.

[5] ZhulJJ, LuD L, Zhang W D. Effects of gaps on regeneration of
woody plants: a meta-analysis[J]. Journal of Forestry Research,
2014, 25(3): 501-510.

(6] BRfte, IR, K, . B T )1 R R A 3220k
AAAPFEAE A CRFE (1], MR, 2010, 46(3): 23-28.
Chen J H, Liu X L, He F, et al. Niche characteristics of dominant
woody populations in Quercus aquifoliodes shrub community in
Balangshan Mountain in Wolong Nature Reserve[J]. Scientia
Silvae Sinicae, 2010, 46(3): 23—28.

(771 2B, 5k 5. MR e SCRARE RRAEN € T EmT 7t e (1],
AT, 2021, 34(5): 58—63.

Li Y L, Zhang G Q. Forest gap definition and forest gap
characteristics measurement methods[J]. World Forestry
Research, 2021, 34(5): 58—63.

(81 ECH, B, SRR AR T3 AR MK b A4 5 23t i I AR B
B 7C (1], Mok REE, 2004, 40(6): 25-31.

Yan S J, Hong W, Wu C Z. Gap phase regeneration in mid-
subtropical evergreen broadleaved forest in Wanmulin, Fujian[J].
Scientia Silvae Sinicae, 2004, 40(6): 25-31.

(9] Z4E&, fsg, i B, & YA RS 600 B 5 S AL E
ZHTHIRLEL (I, Mol R, 2006, 42(7): 95-103.

Li D Z, Shi Q, Zang R G, et al. Models for niche breadth and
niche overlap of species or populations[J]. Scientia Silvae
Sinicae, 2006, 42(7): 95-103.

(10] RHT 2, ¥ 0k ARBR AR B2 K SE B 7 ik e [T]. Aol 22,
2006, 42(5): 114-119.

Song X Z, Xiao W F. Research advance of microsite and
regeneration within canopy gap [J]. Scientia Silvae Sinicae, 2006,

42(5): 114-119.


http://dx.doi.org/10.3321/j.issn:1001-7488.1998.01.013
http://dx.doi.org/10.12356/j.2096-8884.2021-0028
http://dx.doi.org/10.2307/2256497
http://dx.doi.org/10.2307/2256497
http://dx.doi.org/10.1007/s11676-014-0489-3
http://dx.doi.org/10.11707/j.1001-7488.20100304
http://dx.doi.org/10.3321/j.issn:1001-7488.2004.06.005
http://dx.doi.org/10.3321/j.issn:1001-7488.2006.07.018
http://dx.doi.org/10.3321/j.issn:1001-7488.2006.05.021

57

WRAL 04 S RAR A MR BRI IREA I Z AR B b A 5 (00T 7 35

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

AR R, R B, X SR . 5K = v R i ORD R 2 2
AELI]. B FHA &SR, 1999, 10(3): 265-269.

Shi Z M, Cheng R M, Liu S R. Niche characteristics of plant
populations in deciduous broadleaved forest in Baotianman[J].
Chinese Journal of Applied Ecology, 1999, 10(3): 265-269.
KOG, i B S MM S R T, B IRE, 1997,
16(6): 46-51.

Zhang G M, Xie S C. Developement of niche concept and its
perspectives: a review[J]. Chinese Journal of Ecology, 1997,
16(6): 46-51.

o, AR, R, &
2016, 52(4): 91-99.
Guan Y Y, Fei F, Guan Q W, et al. Advances in studies of forest

G.MKE A FUHERE [T, ML,

gap ecology [J]. Scientia Silvae Sinicae, 2016, 52(4): 91-99.

Elias R B, Dias E. Gap dynamics and regeneration strategies in
Juniperus-Laurus forests of the Azores Islands[J]. Plant Ecology,
2009, 200(2): 179—-189.

FAEL, AT, IR, 5. RIE SRR E
BHIRZE . WAL, 2018, 31(3): 63-67.
Meng X J, He B L, Ma Z R, et al. Current situation of Masson

RIS IE IS

pine forest management and its practice of close to nature
silviculture in China[J]. World Forestry Research, 2018, 31(3):
63-67.

IR, sk/NE, EEE, &
Wi e HL Y RCHFAE (] AR A} 27, 2000, 12(5): 49-53.

Zhang Z J, Zhang X Q, Wang Y H, et al. Carbon storage and

CERERIIE S R A S RGRK

distribution of Pinus massoniana forest ecosystem in Tieshanping
of Chongging [J]. Scientia Silvae Sinicae, 2009, 12(5): 49-53.

Lu D L, Zhang G Q, Zhu J J, et al. Early natural regeneration
patterns of woody species within gaps in a temperate secondary
forest[J]. European Journal of Forest Research, 2019, 138(6):
991-1003.

#HA, VRNR, B, 55 ROV LS X B REVE 1 2
FHESM AL I]. AFSEAE, 2019, 38(5): 1292-1304.
Dong D, Xu X T, Zhou Z X, et al. Niche dynamics of main
populations of old-tree communities in Jiuvhua Mountain Scenic
Area of Anhui Province[J]. Chinese Journal of Ecology, 2019,
38(5): 1292-1304.

Vannette R L, Fukami T. Historical contingency in species
interactions: towards niche-based predictions [J]. Ecology Letters,
2014, 17(1): 115—-124.

Jorge S A, Townsend P. Interpretation of models of fundamental
ecological niches and species distributional areas [J]. Biodiversity
Informatics, 2005(2): 1-10.

XA, Y. M IR R LA ZS AR 50 A IR MR T BRI TS
RLHIBFFEL]. 235244, 1999, 19(3): 34-35.

Liu J F, Hong W. A study on the community ecology of
Castanopsis kawakamii: study on the niche of the main tree

population in Castanopsis kawakamii community[J]. Acta

[22]

(23]

[24]

[25]

[26]

271

28]

[29]

Ecologica Sinica, 1999, 19(3): 34-35.
FET . RERRAM T ZERE AR S AL a5 M OB 7T (0], ARAEAk
K2R, 1998, 26(2): 5-10.
Ren Q S. Study on niche structure of dominant population in
natural secondary forests[J]. Journal of Northeast Forestry
University, 1998, 26(2): 5—-10.

TRARME, AR, B R TR U SR R S A S A
FlRIERS, (], AR, 2018, 37(5): 1307-1315.
Zhang D M, Zhao W Z, Luo W C. Niche and interspecific
association of dominant plant species in saline-alkaline soils of
desert steppe zone[J]. Chinese Journal of Ecology, 2018, 37(5):
1307-1315.
Smith A B, Godsoe W, Rodriguez-Sanchez F, et al. Niche
estimation above and below the species level[J]. Trends in
Ecology & Evolution, 2019, 34(3): 260-273.
IR, f R, 20, 5 RO AR M & BuE R T &
R o ik B FL 3% o B L] B 5 3 55 AR M 24k, 2018, 24(3):
525-532.
Xie Y T, Jian B L, Li X W, et al. Fine root decomposition and
nutrient release in Toona sinensis plantation under the
reconstruction mode of low-efficiency cypress forest gaps[J].
Chinese Journal of Applied & Environmental Biology, 2018,
24(3): 525-532.
Arede, ZRER, XL VE, 55 JE Lt N CARAREG R /N B8
HrEm [J]. Mol R, 2012, 48(6): 147-151.
LiBB,QinY, Liu Y Q, et al. Effects of gap size on regeneration
of Pinus tabulaeformis plantation in the Yanshan Mountain[J].
Scientia Silvae Sinicae, 2012, 48(6): 147-151.
N, B, SRR, 55 K 20 R bk o R e B AR
LT [I]. B AR, 1999, 10(3): 262-264.
Wu G, Liang X Y, Zhang X D, et al. Height niche of some tree
species in the Korean pine broadleaved forest on Changbai
Mountain[J]. Chinese Journal of Applied Ecology, 1999, 10(3):
262-264.
AR, e, TR A L Z AR MO Bt J2 R AE B 5 4 A
MR 0], LR R 42441k, 2021, 43(7): 54-62.
Li H, Yang H, Xie R. Canopy characteristics in gaps and its
relationship with seedlings and saplings in a spruce-fir forest in
the Changbai Mountain area of northeastern ChinalJ]. Journal of
Beijing Forestry University, 2021, 43(7): 54-62.
JellE [, A 2, M2 K B R G PR L MR B S
AEASALIETTE D], MO RLEBT L, 2001, 14(1): 17-22.
Zang R G, Jiang Y X, Yang Y C. Study on the regeneration niche

of major tree species in gaps in a tropical montane rain forest in

Bawangling, Hainan Island[J]. Forest Research, 2001, 14(1):
17-22.
(TR T 48
wAERE  MERE )


http://dx.doi.org/10.3321/j.issn:1001-9332.1999.03.003
http://dx.doi.org/10.3321/j.issn:1000-4890.1997.06.010
http://dx.doi.org/10.1007/s11258-008-9442-x
http://dx.doi.org/10.13348/j.cnki.sjlyyj.2018.0023.y
http://dx.doi.org/10.3321/j.issn:1001-7488.2009.05.007
http://dx.doi.org/10.1007/s10342-019-01219-w
http://dx.doi.org/10.1111/ele.12204
http://dx.doi.org/10.11707/j.1001-7488.20120622
http://dx.doi.org/10.3321/j.issn:1001-9332.1999.03.002
http://dx.doi.org/10.12171/j.1000-1522.20200131
http://dx.doi.org/10.3321/j.issn:1001-1498.2001.01.003

	1 研究区概况与研究方法
	1.1 研究区概况
	1.2 试验设计与调查
	1.3 计算方法及数据处理

	2 结果与分析
	2.1 林窗初期灌木层优势物种重要值特征
	2.2 林窗初期灌木层优势物种生态位宽度
	2.3 林窗初期灌木层优势物种生态位重叠特征

	3 讨　　论
	4 结　　论
	参考文献

