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Forest community classification, ordination, and comparison of species diversity

in broadleaved-Korean pine mixed forests of Northeast China
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Abstract: The plant community is the product of the interaction between plants and the environment, and the interaction
process is associated with changes in community structure and species diversity. Exploring the distribution of forest
communities, species diversity patterns, and their relationship with environmental factors is important for protecting forest
stability and biodiversity. Quantitative analysis is an important approach in research on community classification and sorting
and can profoundly reveal the ecological relationship between plant communities and environmental factors. The study of
species diversity patterns can reflect the ecological characteristics of plant communities and their adaptability to environment
change. The Korean pine broadleaved forest (KBF') is the local climax vegetation and mainly distributed in northeast China.
It has a complex forest structure and rich biodiversity and is very important in maintaining the regional biodiversity.
Therefore, it is vital to conduct a case study regarding community classification, ordination, and species diversity patterns
in broadleaved Korean pine forests. In recent years, many studies regarding KBF have been conducted from various
perspectives, but forest community classification, sorting, and comparison research using quantitative ecology is still

lacking. Along a latitudinal gradient, we investigated the forest community structure with 40 plots (20 m x 20 m). Then,
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forest community classification, ordination, and comparison of species diversity were conducted using the methods of MRT
(' multiple regression tree ), CCA ( correspondence analysis), and comparison of species diversity indexes. The results
showed that the MRT classified the forest communities into four types by relating different aspects of species composition to
environmental data: (1) Abies fabri-Pinus koraiensis Association, (II) Quercus mongolica-Acer mono-Pinus koraiensis
Association, (III) Fraxinus mandshurica-Acer tegmentosum-Pinus koraiensis Association, (IV) Carpinus cordata-Betula
costata-Pinus koraiensis Association. Species composition and diversity of forest communities differed greatly among the four
types. The richness and species diversity index of Carpinus cordata-Betula costata-Pinus koraiensis Association were
significantly higher than that of the Abies fabri Craib-Pinus koraiensis Association. The results of CCA were consistent with
the forest community classification from MRT. It clearly reflected the distribution range of various community types and the
relationships between community distribution and environmental factors. The Abies fabri-Pinus koraiensis Association
corresponded to colder habitat, whereas the Carpinus cordata-Betula costata-Pinus koraiensis Association corresponded to
warmer and wetter habitat. The Quercus mongolica-Acer mono-Pinus koraiensis Association tended to be in habitats with
fertile soil. The distribution of the Fraxinus mandshurica-Acer tegmentosum-Pinus koraiensis Association had no special
preference for environmental conditions. Temperature and precipitation were the main environmental factors affecting the
distribution pattern of forest communities, whereas soil nutrients had smaller effects. These results help to more thoroughly
understand the space distribution pattern and ecological characteristics of the forest community. They also provide the

corresponding theoretical basis for the management and protection of broadleaved Korean pine forests in the future.

Key Words: broadleaved-Korean pine mixed forest; latitude gradient; MRT; species diversity; CCA
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Ml R K A SRR X 4 ARl R AR E SR AR
P (E 1), BEALEEEE KLY 700 km , B £ 45 f i 41
FAMR A AR 7 X3k, G L A SR 5L, i X ARy 450 1
F#7K i 600—1000 mm, £ EHEHTE 6—8 H , A4 4i
AR IR AH 22 20 7°C , b ) B 2 3% W T s i R
=10°C AR A 1900—2800°C , 1 H ¥R 7E - 10°C DA
,7 A¥EAE 20C U 1, & B RRZER, X F—TE
5AHULE BARARE F fE -30—-35C , 3 AR 400 |-
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1.2 ﬁﬂﬁl}%—]ﬁ’ 120° 125° 120°E

2016 4£ 7—9 H Tﬂ?ﬁ\#'ﬁlﬁm/\jﬂ$%ﬁd\ Iy E1 EAHIRKESEEHES T RERSHE
WAL IS AR 14T T8 AL R 25011 R 46 Fig.1 The distribution of eight study sites along latitudinal
EFRE ABET 20 mx20 m, JEIEE 40 RET gradient in broadleaved-Korean pine mixed forest
TERFMRET NICEIAE =4 em TR AW T4 FR M fe
Kt , [T REASRE T N A BIE L 3 A 05, RERRZITE Y, RE 0—20 em IR EFEFATIR G 2 0] S50 = I
4R (Soil N) (2Bt (Soil P), HIERETHT R SCI0 %, BRI Z5BR 24, i 0.15 mm i, FL20E A
P IR AR B L A I I A B i IR, 0 SRR BRORE S5 22 5 B R R A IR SR R AR
(R 1) AR S A ER R 3 5 f i RS AR

R 1 AR LAAMIE G B E R R R B AT

Table 1 Characteristics of the study region along latitudinal gradient in broadleaved-Korean pine mixed forest

FRITA
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HAH
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200 400 km

e

R i 7 K AL [k HigR RS E LS E
Site Latitude/°N  Longitude/°E  Altitude/m MAT/C MAP/mm SP/% Soil N/% Soil P/ %
Fk 48.2 129.1 303—417 0.93 769.8 40.0 0.56+0.16 0.11+0.03
EAIIE 47.5 129.7 366—438 0.96 620.15 39.5 0.58+0.18 0.08+0.02
BORTRAP X 47.2 128.9 332—425 2.09 746.7 49.8 0.78+0.14 0.13+0.02
iiEas 46.6 133.7 157—244 3.27 738.03 0.3 0.55+0.07 0.10£0.01
ES0) 45.2 129.5 365—575 3.63 690.03 34.3 0.56+0.13 0.11£0.02
AR 43.8 127.3 580—721 4.47 568.13 43.3 0.58+0.16 0.13+0.02
AN ENI 2.5 127.8 709—840 4.18 732.44 53.7 0.36+0.05 0.08+0.02
PR 40.9 124.8 764—919 7.67 933.28 53.6 0.37+0.09 0.05+0.01

MAT:mean annual temperature; MAP : mean annual precipitation; SP: percentage of sunshine; Soil N: soil total nitrogen content; Soil P: soil total

phosphorus content, T o IR WS m bR e
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1.3.1  ZJchlEaR

Z Gl AR ( Multivariate regression trees, MRT) fZ&—FhEHT 155 P Fh 43 A 5 285 I 1 2 18] 5C &R 0 i
SPRTTIE . BRI AR 2T A A R0 431 KA ) 43R S AT R [R] 5T A 200, SR 5 >R F 28 S
RSB E 3 2825 R | BRAR LT Hh S b S5 B A5G T HEVR IO 25 A RRAE . L RIS L Rl RN R BE A5 B o i , o7 A
R RE NG T B AR R S 28T 0k T 0, o A e I S AR O R 40 B R R HE 2 MRT bR A
R BT mvpart PRI TEE 0 T HEARRA NP F 255 T indval ( ) PRECTREFIERP O R0
1.3.2  YyFh e R

AR YA B R A R R B A B AR RO A S 4 DR IR SRR R IR 4R
PrJE A AN EE BRI T A B, HO TR AR P R

LT . R EE = CREXT 22 B A X S 3 B + A ) /3

YR & . Species richness = H BLFEAE L N B R AL

Shannon-Wiener Z2FEEFE 8. H' =- Z P.InP,
i1

Pielou 6% ;. E = H'/InS
Simpson #6%5%: P =1 - 3 P> P b i U H(E
i=1

PSR R T3 22 53 M OB [R) 26 B2 O RE VR A A 22 57
1.3.3  CCA SUJEXJ N #r

HLFEXF W43 HT ( Canonical correspondence analysis, CCA) ,BX W 0H1-5 2 JoBHA M AHZE &, 76X B 434
AR AR | AR B AR T HE I AR AT 2 5 R85 R Tl A7 22 ek (19 22 DA e o 2K 8 43 A1 AN 3A 5%
PRI ) 145G SR it A B 1220 IR LATREV W R A P R M PR 500 I | o i HEA T CCA HEFF , 20 Hr
AT SRR AR, i R TR vegan FRIF AL T2y lRE Ty —2R5E K Z4EHE T I KX )R —ER
BHF 4t H v A

2 EREH

2.1 ZILlEAR2E

TE 40 DFETT o Al SR BT 29 B, DIFARE BB AR BB 2, X 40 AR i
1T MRT 4328 , 438 R IR IEAE P E 75 0 S i 24 U] AR XA RV o0 LA 4 2 (1|1 2)

1) BEIE A WIS A2—LI ARV (Abies fabri—Pinus koraiensis Association) , filff T E 7 P1—6 K41l
FeJ7 P7T—10, 3L 10 MEED . 38R WP R 8 42 (Abies fabri) , B Tl LLHS ( Pinus koraiensis) V3 4% | (A HE
( Betula platyphylla) K ( Tilia amurensis) | 75 H5 Wk (Acer tegmentosum ) 55 o ZREE /0 A7 16 E P IR B/ T
1.52°C A FoK /N T 851.5 mm AYHLIX,

2) BEIE B NS AR— (O R M—ZI WA MREE Y ( Quercus mongolica—Acer mono—Pinus koraiensis Association) ,
B HUKFETT P13, AT 40T P17—21, SEIIHEJy P22 P24 (P25 P26, AR HUURAF 5 P27 (P28 KKK H I a& /K]
FEJ7 P31—P35, 317 T 8 - W R0 8 58 15 5K ( Quercus mongolica) | FEWFIAT Z1 A R 565 4% B
(Ulmus davidiana) AR (Acer mono) , ZBEWE /A8 TAE IR B R (MAT>=1.523C) , H H 3 A & 81K
(Soil N<0.66) HHiLIX .

3)BEVE C Ry K M Ml— 4 B —ZL WA MR BE V% ( Fraxinus mandshurica—Acer tegmentosum—Pinus koraiensis
Association) , (L HUKEETT P11.P12 P14 P15 P16, 5&KETy P23 MARBUMAETT P29 P30, 4k 8 MEETT 467
B R K MM ( Fraxinus mandshurica) FERSHE, W IR RIAT 200, KT S8 RS RRSS o IRV 20 A XA X
SRS, E R O B (Soil N>0.66) .
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A Soil N << 0.6643 | Soil N = 0.6643
2.8:n=10

P1 P2 P3 P4 P5

P6 P7 P8 P9 P10 B &
7.04:n=17 3.92:n=28
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P31 P32 P33 P34 P35

B2 R 40 DT & T E 385 KRR E
Fig.2 Dendrogram of the multivariate regression trees classification of 40 plots in broadleaved-Korean pine mixed forest

MAT :mean annual temperature; MAP ; mean annual precipitation; SP; percentage of sunshine; Soil N soil total nitrogen content; Soil P soil total

phosphorus content,n = ﬁ}j/l\ﬁiﬁl, P UEFET IR

4) BEYE D T i—IRHE—ZI WA K ( Carpinus cordata—Betula costata—Pinus koraiensis Association) , i §f
FHR A AR TARYIX 5 AEET P36—40, $8 /8 B B A HKE ( Betula costata) T 446 ( Carpinus cordata) 3XEMFd
28 (Padus maackii) ./INEBR(Acer komarovii) , - ZER PG ZLAN VD Hs (Abies holophylla) AWHE T4 Hin | €0 bk
(Acer pseudo-sieboldianum) 55 , ZRETE 43R X AFRE K i e K (MAP>=851.5mm) ,

22 Yk RS R

X MRT 73 2R A5 i) DU v S BU Ap 2 REPE AT LS, R B R v S B ) 25 5 3% . b oAb 8
J& (Species richness ) FIHER PRI 51 (Pielou T840 2120 : T B Ai—HUME—ZLIAPR(RETS D) B2 & T A2-40
PABRIEVE (VR A) AR A () 22 5 1 1 385 5 ) 22 AP 4 28 ( Shannon #5485 Simpson $8%0) 2L &% —
B8 T ti—WHE—ZIMR (V% D) B35 5 TR —2UMR (BEVE A) A5 i AR — BRI — 2D AR (FE %
B) , [AlHF K A — 75 R BR—£T AR (VR C) & = TR —LIARAR (BEVE A) (1 3)

2.3 FHBEHEXS oA

CCA HERP 2RI Rl CCA HERF Rl 28 — Rl RN 26—l 5 2R85B 2 25 A0 G, A iR (B 0.32 A1 0.15,
SRR AR R ARLROR, B i . W DU R — R EE OC R U5 22 Rt BTk 93.45% , Fh TP ik
2 62.34% , R HIHT A2 IR — PR 1A i ss EHEF E ( 4) o S —HRERe b (Rl ) J6R ot 1 i
FE BRI AR FOP IR (MAT) (FE/K (MAP) K H B (SP) 555 —HEP il S i 2 1EAH G, A
KABITHN 0.88.,0.74 ,0.54 5 1 + LR 1 (Soil N) B 7 5 (Soil P) 555 —HE PRI i3 SR OG, HISG &R
By -0.53 ,-0.64( % 2) . WrSE—HIF RN ZE B4, IR BE B M e Rk S H BRI MG i+ 3 R 40
BRI, HEF B i Sk SRR HRBE R 1, 8 Sk TR 10 07 10 R R IR PR 1 1 AR Al e A i Sk i A py K R AR
FNAEVE B 3 AT T R DR R DGR A8 /N B R DGR, iy 18] 4 7] DL JHE el B2 R K 5 50— T AR A DG A
BK B AR AR R EELEREE IR 1 1M CCA 25 il 5 H R & 3 R 56, A C R B -0.69, BRI
I CCA S RN R R I, H AR /3R B i EA
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Fig.3 Changes of species diversity index among different community types of broadleaved-Korean pine mixed forest
P RS S P B e b 22, A (RIS —LTAARR) B( S AR —EARMR—ZLAR) | CORMMMI—TF B —ZL A bR ) | D (TG i — A —LT AR AR)
REEF A NARRIBE LR, a b e AR FHEFORAR FIFEE ST R SRR R0 e

R2 AMARERFAREE CCA HIFMERERTHMEXLHE
Table 2  Correlations between environmental variables and CCA ordination axes of forest communities in the broadleaved-Korean pine

mixed forest

HEs AT CCA HE/FHli CCA Axes

Environmental factors CCA1 CCA2 CCA3 CCA4
AES4IE MAT 0.88 *** -0.18 -0.15 0.22
F¥7K MAP 0.74 %" -0.03 0.17 -0.19
H i sp 0.54*** -0.69 *** 0.1 -0.37"
HIEA R Soil N ~0.53 *** -0.2 0.76 *** 0.36"
A3 % 18 Soil P -0.64*** -0.14 0.48 *** 0.4*"

# P<0.05, * * P<0.01, % * * P<0.001

MRT 732 i34 4 v SRR 7 1 S B LA B0 0 A1, R ] CCA BUF R s O, 1 A v
LGN T Z BB ERER . WE S —HP ARG A2 — LM (BT A) 7 T e Zc il , 51K |
DREIR KSR RV (& 4)  F5 /R IR A2 T RS I HESE (B 5) 5 il Tt — e —Z0AR MR i (v
D) 7 T 55— HE P Sl e A i, 55 47 B3 AR O B | K T B IXOE R DD, S5 R A AL . T e 1D
P BREBAT . AN, St R — ORI — LIRS (RS B) X R 33 5R 702 P T A9 X8k, K i —
LA (e C) IR 2 IR B B0, R ERIMORZIAL (M S AR K Mnas

3 Wit

3.1 [EZAAROR RV 2 A Ay
AR SCR 3T 185 K1 A A 4 e85 1 MIRT 2 A R H-ZEAABR 40 BAEHb 43 1 T 4 28, 43 e A2 —
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Fig.4 Two-dimensional CCA ordination diagram of 40 plots

CCA2

CCAl

B 5 FFARERFE CCA HFE

Fig.5 Two-dimensional CCA ordination diagram of species of tree layer
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S8 LA AR S8 it MR AT W R Sy 2 B AR R B ZLAM TR SR LLVD A ) E LIRSS R AL LA =8 4200
EMLIHNRSSMAE R GASCRER IS o 2 B — B, ARBFSE MRT 338t By, bh 126 350 0 BE R K
SIS B TR AR — LAY Tt — A —ZL AR, 55 8 DL R 30 0 B8 LAY D 32 B 2T RA TR SR A
RUMLLBVAZ N ERILANRSSHIE R A &, (EA SO JEE R0RE LR S8 MRS R i o T2 2P 2R
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