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Relationship between forest strata structure and topography of coniferous and

broad-leaved mixed forest in Jiaohe Cith, Jilin Province
LU Junyue, ZHANG Chunyu, ZHAO Xiuhai "

Research Center of Forest Management Engineering of State Forestry and Grassland Administration, Beijing Forestry University, Beijing 100083, China

Abstract: This study aims to explore the dynamic of the community structure of different forest layers and its relationship
with topographical factors, as well as to provide theoretical support for community structure optimization and sustainable
management. Based on the field survey data of the 30 hm” coniferous and broad-leaved mixed forest fixed monitoring plot in
Jiaohe, Jilin, the woody plants with a diameter at breast height (DBH) =1 cm in 2010 and 2015 were used as the research
object to analyze the difference of species composition, forest density, community structure diversity and its dynamic
changes in 5 years across different forest strata. In addition, the relationship between the community structure characteristics
and topographic factors was studied by using partial correlation analysis. The results showed that (1) the species richness of
the understorey was slightly higher than that of the overstorey. The accumulated productivity of the overstorey was the main
contributor to the accumulated productivity of the whole forest community. (2) The important value of dominant tree species
in the overstorey gradually expanded during the process of community succession. The number of individual trees in the
overstorey decreased by 175, while the number of individual trees in the understorey increased by 3,503. (3) The altitude
is the most important factor affecting the dynamics of community structure, by affecting the soil and light conditions to affect
the community structure changes. The stand is in a stable state but the community structure characteristics across different

forest strata are obviously different. Correctly grasping the relationship between topographical factors and the dynamic
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changes of the community structure of different forest layers is of great significance to the sustainable management of forests.

Key Words: community structure; dynamic changes; overstorey; understorey; topography
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Table 1 Calculation results of basic variables in the sampling plot

MIEZ Overstorey

FF)ZE Understorey

Yl Range SEH{E Mean il Range SEHI{E Mean
}#% Diameter at breast height/cm 8.50—115.50 26.10 1.00—8.50 4.40
F 7 Tree height/m 9.53—32.53 15.95 1.56—13.29 5.40
WP £ & B Species richness 1—13 7.06 1—16 7.48
FEBUEMJ1 Volume productivity/ (m*/hm?)  0.23—18.75 5.48 0.03—2.63 0.55
MR Stand density/ (m?/hm?) 0.61—62.84 27.48 0.13—3.24 1.68
FREU# L Density of tree number/ ( #£/hm?) 378.43 837.63
—— PMERER —— WRERRY —— WHERRY
20 o 20 - HFR
1.74
1.73
= 1.56
.8
2 15t L5 153
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z
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Fig.1 Dynamics of species diversity and stand structure diversity across tree strata
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THHZA  83.66 [ % 83.53(3K 3) . FEMOE)Z T ZAEHEAERT 10 A7 i DL S ol (3% g v B 1o AR 3 488 e, Horp
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Table 2 Main indicator statistics of dominant species in overstorey in 2010 and 2015

HE(H Je = Wi AL/ (m?/hm? ) £y Wi
AR S A Important value Basal area Abundance Frequency
Overstorey species
2010 4F 2015 4F 2010 4F 2015 4F 2010 4F 2015 4F 2010 4F 2015 4F

K06y U. laciniata 12.46 12.40 3.72 4.09 1325 1307 575 573
A A. mono Maxim 11.53 11.46 3.27 3.58 1328 1312 523 520
LM T, amurensis 11.44 11.45 3.42 3.82 1316 1297 480 478
TF-4:Hfi C. cordata 8.98 9.04 1.02 1.14 1667 1656 446 444
F 28 A, mandshuricum 7.51 7.52 1.29 1.43 946 933 486 484
WHE B. costata 6.55 6.60 2.04 2.29 579 577 339 338
IR J. mandshurica 6.32 6.52 1.61 1.95 715 706 332 331
LI P. koraiensis 6.27 6.23 2.55 2.80 417 416 257 256
H#BE P amurense 5.41 5.46 1.10 1.25 643 637 331 330
IKAGTAEM S. alnifolia 4.26 4.32 0.67 0.78 486 485 311 311

Fz 3 2010 £70 2015 EXRTEEB WM EEIERSEIT

Table 3 Main indicator statistics of dominant species in understorey in 2010 and 2015

HEH i T Y (m?/hm? ) Z R
T JE A Important value Basal area Abundance Frequency
Understorey species
2010 4% 2015 4F 2010 4% 2015 4F 2010 4% 2015 4F 2010 4F 2015 4F

T4 C. cordata 15.36 14.93 0.25 0.36 3324 3709 465 476
F14-48 A. mandshuricum 13.51 13.41 0.17 0.25 3138 3656 572 594
LM A. barbinerve 12.25 13.13 0.11 0.17 3859 4960 494 540
A A. mono Maxim 8.61 8.26 0.11 0.15 1549 1693 494 517
BT S. reticulata 8.21 7.28 0.09 0.12 1681 1692 454 460
% C. mandshurica 7.72 8.49 0.04 0.07 2708 3513 364 408
L0467 U. laciniata 5.26 5.46 0.06 0.11 813 934 335 357
AEHE A, whurunduense 5.00 4.62 0.06 0.09 928 980 266 271
T A, tegmentosum 4.32 4.48 0.06 0.10 618 653 266 281
LI P. koraiensis 3.41 3.47 0.03 0.05 583 678 246 271

2.2 ARRIMZEREIE S HIE R F X R

RTEE S22 W o 22 1 A28 A 5 3 B R 1 3 7 A M TR R DR MR SR (L 2) , S5 4K ) I A 5 R BCH
0.082(P<0.05) , 535 i) B i A 56 R A0 0.093 (P<0.05) , 45 M1 B FIBE B G W 35 A0 et Ak R )2 W Fh £ ket
AL SR I TN R B T W 2 A DG

ANFIBRIZ R S5 K Z REE AR A SR 2 A OE R . MR )2 M8 28 5 3R B0 Ak 5 1 4R Rk 1) 3k A4~
TP R 5 2 S AH OGO R (—0.118 Fl1-0.093) o MRGeE JZ ] i A8 S 3R 25028 Ak 5 VAR 1M1, 32 3 5 1 b IR
EAHXIEFR (-0.190 F10.083) o AT JZMARAR T 22 B0 A0 IR 15 728 S 3 B8 Ak 55 0 4 1 v AL OC 3R 8800 301 o
-0.111( P<0.001) F1-0.147( P<0.001) , A[FEIMIZ IR S5 ZAEPE AR AN Rl ZAEPE AR A0 10 35 TEAHOG .
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Fig.2 Partial correlation among species diversity, structure diversity and terrain factor across tree strata

SSL: AR AR FEHL; evDBH ; ARAE T 2R B ovH A 35 A8 53 R AU Ele W4 5 Asp : 3 ) 5 Con ;U1 B ; Slo : 3 i

3 itig
3.1 ARRIRZEZE NSk

MBI S5 M 2 T MR AR 25 R G T REIE RN 4 F5 LT A0 B B2 36 A0, LUAE O F 5 AT L 56 T A
VRO L VA SRR AE B AR AL 2200 T R TRIM 2 22 [ 14 28 5, AR 9% B 0kt G T S [ Z2 B V8 45
PR BB AS . AT 2R 328 B TAMOE 2 3O= B BR T2 B AE MO 22 1 ) G s e A 4
[T AR 7R LS 77 A NI =S 70 S ST = o N R L S R0 T SO = a0 N - T B SR = Y 2 ¢ S i NI A 6
Bl INZARACILARAE SR A A ARACRZE DR A4S, X5 K Nt sE — 20, BEE A2 m | Wl F
HERRBCR RS B A2 B AR AR A AR 2 O AR A MO 2 T 2k sl D AR (SRR
AR TSRk S5 /D E ol oA MRS J2 ) AR 5 3 T B 2 H T BB B8 U 9 S5 O 1 RN b A B 1 e o s o
(300 R AIMIFFE A IR, 7 KR (0 AR 2 o A 7= 1 A gy e 3 R MR 2 R T SR, AR 2 R ket
Y RoTlkie K X ARSI ST 4 SR — 2L

MG JZ ARG G50 AR R FE PRI/ | 38 BGX — 3G 1 Jirt R AT 2 DR A FE MOes 2 AR RR B0l 22 ) AT
{507 T =yl ot N W P W1 N = 1 23l i AP A 73| s e ol L 2 1 S DS E/o) o R €29 NI N 2= i
SR B SRR BE RGN, AT RESE R A AR A S5 R 8 A 2 VR st 23 7 A T 22 S STk R D IR (A5 [P AR o ) A7 0
RAFE Y ORFEAIZ YR R AR AR A, 3 AT RS PR A 5 R b A T AR R R B B B VR R E T

2010 4FE] 2015 4F PR B 0 1 Fh 45 WA G R T Pkt = E R R AR AL (R T LR AE dE R R 22 R
PP BB MR O SR R ) EE A A R A T R AR T K, DAL B S R B R O S
BOKE 2 G E— T G SIS R B YR IR Y L FEIX S AR P, BROREJZ A A SR i AR G B A R A U
A MRS JZ B B0 1 AN A7 | LA RN RS e B A i B A AR, B A AL A TS TMOE )2 | X AT g2
R Rl e ) AL (BN 0 NI N PA W 2l SN ik O PZA) L ) I SRR ST =3 - 1 AR o IR W N e S
RIFDTEART IR TR RAF . ZE T LLXT RE LA AR A5 e LR i T 5 S JO A2 A | 2 TR (0 A 52 B P A
BB BE LA A0 R A5 B S B R i R 7 3 S AR R 45 SR A — 3L,
3.2 HUIB PR XA [RIARJZE FE i 445 4 72 A 1Y) 52 il

Hu I S5 W P R AR AL A Fh = Y AR R T 2 — | MO TR T (R AR ) 3 A R ) U

http ; //www.ecologica.cn



16 1 BANL A B T R SO R S5 4 S U 9 G A 6619

SRR SRS L HOKAY DI QR RNR R S IREE R LY AR 2 H R TR R K
- L RRMREE R R AE R DR 2 16 13 56 2R 120 A R P A AR DG 23 7 12 25 T 1 AR T AR 2 VR 45 4 3 25
AL S HIE N Z [ 5 3R G5 SRR AAE MO JZ2 D0k A PR AL A0 S5 I AR 1) SR IE AR OGS 2R FEAK T 2 b
ZREMEE AN DU HOE N T 0 35 6 &R TEA RIRZ MO S5 Z R R SR ) R R G &, (R TR
FH A5 RS R B RN -F B BE B R IO T s S U SETH RS R R AR 340 AR T 45 SR 1 Ji PR T i S
FEH AR AN B AL T THE B RTE IR R BA T B I PR, SOR MR AFIR AR 22 57

TEMEJZ Wb 22 R E AR AR 4 S TEAR SO 2 ] e P M I SE AR A E AR TR A LA A A — 2RI T, T
TAT AL B e A A e SRR AR AT, LR 55 B A1 SR AR 22, BT URBL AR TR AR 4 DX L A= I B Pl (EG T 4
LI T g VA L 5 5 PR o, 1 38 R e e 73 4 e 22 R 1 iR 0T | LB S 2 A e A L Ak T L ARAR T 2l
N3 R AR S 22 S S R B R A SR R I A 2R, X AR 2B ST A R —
B, BEE R T PR ZREER IO FEARR )2 HB DR 7 X R 2R R AR A B S e R 3 T RS RN
RTEE 2R B 14 - T BE IR 2 B S AR T 2 A BRI %2 A IR (] AN APAE R

TEMGEJZ R T JE MR I3 250 Z2 RS Bt TR i 2, ] R PR B Ve 1A A T AR ) T 52 119
JERRBHEAL 2 MR (8 DA AR EL 25 S o E S A 28000 R Pk 2L B UL 3 ISPt J2 1) 95 A Aol 3R )
V5 BT A K A8 ) (A bAORE S22 R 43 A 1 M A2 TR w25 A A28 /I | DA T B 65 T4 P v R 2 b 43 25 4
ZRAEAALID TR TR J2 R B AT R T TSR , bR S R R

4 e

ABIEFE LA T WA BT T B RR ISR R BT TR AR, 208 1A [ AR e v 2 # sh 25 A8 A SO S B I 7 56
F o AFMZAREE SRR RO 22 5, X T B th TR BT A 52 SRk A A B 9 A BRARE R T 5 ke
(4, MO DS T EE AR YR 2 B B Se5a 5 1 55 M P TR Ik, IR DR v )RR AR S R A v 4
WEHS B E RN T, BB R T AR Z 4548 3h 28 S H S5 B 1 i OCR  IFRIRA
BRI E PR N 7 R B RO Ko DEBR S A RIMIZ S5 sh BRI 5 & | X 75 2 AT IR AL,
DAASE S 4 14 B R AR 0 S5 AR R RIS AR R | S DR R SR SRR R (L il g B AR A

5% 3Lk ( References)

[ 1] Loreau M, Naeem S, Inchausti P, Bengtsson J, Grime J P, Hector A, Hooper D U, Huston M A, Raffaelli D, Schmid B, Tilman D, Wardle D A.
Biodiversity and ecosystem functioning: current knowledge and future challenges. Science, 2001, 294(5543) . 804-808.

[ 2] FEHMH. KA DR LOA bR 3 A T s A% R SRR D] bt dbatfalk Rz, 2016.
[3] V. ARG BR S LGS Mk, 2010, 46(1) : 117-122.

]

]
(4] 4R4A, 220, IMETK, ZRPO%. ZERAESS (B 00 . duat: mSFEE ikt 2007.

] Cardinale B J, Matulich K L, Hooper D U, Byrnes J E, Duffy E, Gamfeldt L, Balvanera P, O’connor M I, Gonzalez A. The functional role of
producer diversity in ecosystems. American Journal of Botany, 2011, 98(3): 572-592.
[ 6] Tilman D, Knops J, Wedin D, Reich P, Ritchie M, Siemann E. The influence of functional diversity and composition on ecosystem processes.

Science, 1997, 277(5330) : 1300-1302.

[ 7] Barbier S, Gosselin F, Balandier P. Influence of tree species on understorey vegetation diversity and mechanisms involved—A critical review for
temperate and boreal forests. Forest Ecology and Management, 2008, 254(1) : 1-15.
Gilliam F S. The ecological significance of the herbaceous layer in temperate forest ecosystems. BioScience, 2007, 57(10) : 845-858.

2o, BT, WE, R, BEWE. KO LR TR ST R MR B S, AR, 2020, 40(4) : 1195-1206.

VR, B, BIEE, AR, R, R IR AR IR A R S M) R 2 SURTRE IR S R RRAE. A2, 2017, 37(10) ¢
3425-3436.

[12] T, =Ty, WM, TRY, BRI, 3, PHEtst, o, /R, IREE. sk L My & gt i Ry R A i S S 45 ARSI,

2015, 35(4) . 1142-1154.

[13] Condit R, Ashton P S, Baker P, Bunyavejchewin S, Gunatilleke S, Gunatilleke N, Hubbell S P, Foster R B, Ttoh A, LaFrankie J V, Lee H S,
Losos E, Manokaran N, Sukumar R, Yamakura T. Spatial patterns in the distribution of tropical tree species. Science, 2000, 288 (5470 ) :
1414-1418.

]

[ 9] Condit R. Research in large, long-term tropical forest plots. Trends in Ecology & Evolution, 1995, 10(1) ; 18-22.
]
]

http ; //www.ecologica.cn



6620 JAE = 41 4

[14]

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]
(23]

[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]

[38]

[39]
[40]

[41]
[42]

[43]

[44]

[45]

Condit R, Pitman N, Leigh Jr E G, Chave J, Terborgh J, Foster R B, Nufiez P, Aguilar S, Valencia R, Villa G, Muller-Landau H C, Losos E,
Hubbell S P. Beta-diversity in tropical forest trees. Science, 2002, 295(5555) ; 666-669.
Kochummen K M, Lafrankie Jr J] V, Manokaran N. Floristic composition of Pasoh Forest Reserve, a lowland rain forest in Peninsular Malaysia.
Journal of Tropical Forest Science, 1990, 3(1) . 1-13.
KWARG, FRF, R0 PR, BEateR, AT, Dhui P E R SRR B ERE S AT IR AR 2R, 2016, 24(11)
1203-1219.
IR ﬁ—{jhﬁi?}t%iﬁ%mﬁjﬁff]*ﬁﬂ[fﬂ Jemt; Jenthhill R, 2020.
DA, sKIRIR, JRAESE, XA, XUNI. A2\ 06 1l o B ARORE 7 S5 R 5 OB B A5 R Y SC R AR B3I, 2010, 30(19)
5151-5160.

FEARLL, JAEKSE, RRME, AT, 052, KA, TIOFHE, AR, BUBRR, BONS. AR L AR B SEAR DR TR AR MG S B A K]
FRAWIIE. EBFIR, 2020, 40(1) ; 223-232.
FuBJ, LiuSL, Ma KM, Zhu Y G. Relationships between soil characteristics, topography and plant diversity in a heterogeneous deciduous broad-
leaved forest near Beijing, China. Plant and Soil, 2004, 261(1/2) ; 47-54.

FRICK, R, KA, ML, SKFER, S H . ARG RSG5 5 7 R MR, JLRURROL R 22440, 2019, 41(5) :
48-55.
R, SR, SRIEY . P EARAL A A A Y KA A R ARAUI R HAARIERR, 2017, 49(3) ; 131-135.
Wu Z F, Zhang Z H, Wang J. Estimating the productive potential of five natural forest types in northeastern China. Forest Ecosystems, 2019, 6
(1): 42.
TREGRE, XBLER, EBEAE, DG, A R 2O AR AR S A M. R AR50, 2018, 29(10) : 3159-3166.
Ao 4 1 1L R B R IR AR P 2 A S BT D). bt dbathkil k2, 2014
FESATE, BOEEE, DRk, 2%, K. MERDTTRENE. ARG, 2014, 27(6) : 34-40.
FAREMOIT. M SIAM B A SR, FAR. HARE LT, 2015.
RGER, ZEht, dkME, g, M, SRRk A< Wl R LD AR L (CBS) - BEVE LS S5 . A AR AR, 2008, 32(2)
238-250.
BOHE, ZhImta, ALY, 2, TRk, (s e, MOTHE. LR A Sk B I PRRY 7R TR T A5 R B R S AR RRE. AR 2R
P, 2019, 27(6) : 619-629.
St X F, Baselga A, Leprieur F, Song X, Ding P. Selective extinction drives taxonomic and functional alpha and beta diversities in island bird
assemblages. Journal of Animal Ecology, 2016, 85(2) ; 409-418.
MREUE, PEME, BT, KW, (RO, ThIEF. SR 5 Sk R I AMOR R )Z R Z R S i AR Y R 2R REOC R, Bl i,
2017, 62(17) . 1861-1868.
Liu S C, Duan W B, Feng J, Han S Z. Effects of forest gap on tree species regeneration and diversity of mixed broadleaved Korean pine forest in
Xiaoxing'an Mountains. Chinese Journal of Applied Ecology, 2011, 22(6) . 1381-1388.
Valladares F, Niinemets U. Shade tolerance, a key plant feature of complex nature and consequences. Annual Review of Ecology, Evolution, and
Systematics, 2008, 39. 237-257.
B, RREE, XOJERE, RE ], R, SR WA R LK O oK X -2 K KRR RIS SIS, R 2R, 2012, 20
(6): 643-653.
XLl (ERGE, Z2REd, Mokl JER, T FREERYE RO X T& i ibk s 2 6 20800 5 W ARAEE (5. AR e,
2016, 24(6) : 639-648.
SRETH, BT, RO, P LR RO Rl B B i AR R, AR AR 252241, 2009, 33(6) = 1090-1100.
A, WAL, T, FRE. KEILLH R AOR R ECE B BOL SR g A2 b, RS, 2011, 22(4) : 866-872.
Swenson N G, Anglada-Cordero P, Barone J A. Deterministic tropical tree community turnover: evidence from patterns of functional beta diversity
along an elevational gradient. Proceedings of the Royal Society B: Biological Sciences, 2011, 278(1707) . 877-884.
FRAE, BREF, A, TR, SR STILA T PR E RS ER B RS AR fh. A 2 REME, 2004, 12(1) :82-88.
Zedy, MRiEhRL, BB, ARAH. BTSN B 2 I L AR B VR T LA A SR BRI BT, PRI A B S R, 2020, 32(4) ; 10- 14,
42-42.
ERHE. AR AR AL S HIE SR [ D] dbat . Jbatafill R, 2013.
Hooper D U, Chapin IIl F S, Ewel J J, Hector A, Inchausti P, Lavorel S, Lawton J H, Lodge D M, Loreau M, Naeem S, Schmid B, Setild H,
Symstad A J, Vandermeer J, Wardle D A. Effects of biodiversity on ecosystem functioning: a consensus of current knowledge. Ecological
Monographs, 2005, 75(1) : 3-35.
Zhang Y, Chen H'Y H, Taylor A R. Positive species diversity and above-ground biomass relationships are ubiquitous across forest strata despite
interference from overstorey trees. Functional Ecology, 2017, 31(2) : 419-426.
Campoe O C, Stape J L, Nouvellon Y, Laclau ] P, Bauerle W L, Binkley D, Maire G L. Stem production, light absorption and light use efficiency
between dominant and non-dominant trees of Eucalyptus grandis across a productivity gradient in Brazil. Forest Ecology and Management, 2013,
288 14-20.
Binkley D, Stape J L, Ryan M G, Barnard H R, Fownes J. Age-related decline in forest ecosystem growth: an individual-tree, stand-structure
hypothesis. Ecosystems, 2002, 5(1) . 58-67.

http ; //www.ecologica.cn



