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Canonical correspondence analysis on relationship of herbs with
their environments on northern slope of Changbai Mountain

HAO Zhan—QingH GUO Shui—Liangz (Y. Institute of Applied Ecology, Chinese Academy of Sciences,
Shenyang 110016, China; 2. College of Life and Environmental Sciences. Jinkua. Zhejiang 321004, China). Acta

Ecologica Sinica,2003,23(10) ;2000 2008.
Abstract; The study on the relationship between herb plants and their environments is very important for

understanding herb diversity patterns. The study area is located on the northern slope of Changbai
Mountain where there is not only a high diversity in vegetation types and species, but also high variation of
diversity pattern along the altitude gradient. There exists obvious environmental gradient and species
compositions are varied obviously along altitude gradient. It is a perfect transect for the research of
biodiversity and gradient patterns. From altitude 700m to 2600m on northern slope of Changbai Mountain,
20 plots were sampled with an interval of 100 m along the altitude gradient. In each plot. the ecological
important values of herbs, together with 13 environmental variables including weather, soil factors,
canopy density, etc. were obtained. The data were analyzed with the method of Canonical Correspondence
Analysis (CCA). The species.plots - environment biplots were drawn based on the result of CCA, and the
relationships between the ecological distribution of the species and communities with the 13 environmental
factors were clearly revealed on these biplots. 20 plots could be divided into 2 groups, which corresponded

the tundra and forest vegetation. Furthermore, forests could be divided into 3 groups, which corresponded
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Broad-leaved Korean pine forest. Dark coniferous forest and Betula ermanii forest. Same as the plots,
herb species also could be divided into 2 groups, which were tundra species and forest species. There were
a high co-possession of herb species among the different {orest types along the altitude gradient, On the
contrary. there were a low co-possession of herb species between the tundra and forests. The herb
communities on the tundra were distinctively different from those on the forests under altitude 2000m. As
a comprehensive express of many ecological factors such as precipitation, temperature, soil factors, etc,
altitude was a key environmental variable for herb species patterns. Besides altitude, canopy density was
one of the important factors for influencing the ecological distribution of the herb species in forests
according to the correlation coefficients of the environmental variables with the first two axes.

Key words : Changbai Mountain; herbs: environmental factors; Canonical Correspondence Analysis
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Fig. 1 CCA two-dimensional scatter ordination diag-
ram of the 20 plots based on herb species important

values
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Table 1 Environmental variables along the altitude on northern slope of Changbai Mountain

FHBC) FEBEK(mm) >5CEHHE 6~9 A4 1 AR 7 Hiy AR AR
¥ X Annual Annual CC) A (mm) (C)Average ((C)Average LBM ) e
Alt, average average Cumulative  Precipitation  temperature temperatuse Frost Days with
(m)} temperature precipitation temperature (Jun. ~Sept. ) in Jan, in Jul. free days SNOW COver
(C) (mm) {(>5) (mm)} () (C)
700 2. 83 679. 18 2459. 77 483.02 —17. 33 19. 63 121. 00 130. 79
800 2. 32 703. 62 2285. 25 500. 40 —17. 64 1%. 07 116. 54 137. 58
SO0 1. 81 728. 95 2123.12 518. 41 —17.95 18. 51 112. 25 144. 37
1000 1. 29 755.19 1972. 49 537. 07 — 18. 27 17. 95 108. 12 151.16
1100 0. 78 782, 37 1832. 55 556. 40 —18.58 17. 40 104. 14 157-. 94
1200 0. 27 810. 53 1702.53 576.43 —18. 89 16. 84 100. 31 164. 73
1300 —~0. 24 839. 70 1581. 74 597. 18 —18. 21 16. 28 96. 62 171. 52
1400 —0. 75 869. 92 1465. 52 618. 67 —19.52 15.73 93. 06 178. 31
1500 —1.26 901. 23 1365. 26 640. 94 —19.83 15. 17 RA. 4 185. 10
1600 —1.78 033. 67 1268. 40 §64. 01 —20. 15 14. 61 86. 34 19]1. 88
1700 - 2. 29 967. 28 1178. 41 687. 91 —20- 46 14. 06 83.16 198. 67
1800 — 2. 80 1002. 0% 1054. 8] 712. 67 —20.77 13. 50 80. 10 205. 46
1900 —3. 31 1038. 16 1017. 13 738. 32 —21.09 12. 94 77. 15 212. 25
2000 - 3. 82 1075. 53 944. 97 764. 8% —21. 40 12. 39 74. 31 219, 04
2100 —4.33 1114. 24 877.93 792. 42 —21. 71 11. 83 71. 58 225.82
2200 — 4, 84 1154. 34 815. 64 820. 94 —22-03 11. 27 68. 94 232. 61
2300 — 5. 36 1195. 89 757.77 850. 49 —22- 34 10. 71 66. 40 239. 40
2400 — 5. 87 1238. 93 704. 01 881. 10 —22. 65 10. 16 63. 96 246.19
2500 —6. 38 1283.52 654. 06 912. 81 —22. 97 9. 60 61. 61 252. 98
2600 — 6. 89 1325. 72 6%7. 66 945. 67 —23.28 9. 04 59, 34 259. 76
. b TR LN +NE¥ K
0 N{mg/k P (mg/kg) ( kg)
WK Al :F*.ﬁﬁ ﬁﬂfrfid& Fﬂiﬁ;:i?py %ﬁ:ﬁ; Reagdil: ) Re*.ﬂ.tgf.'l/il‘_yarg lglizilir
(m) Dry index index coverage tnatter available available available
in soil N in soil P in soil K in sail
700 0. 67 1. 91 60 49. 32 663. 02 35. 68 1225. 77
8C0 0.63 2.21 60 46. 44 589. 09 38. 36 1124. 6
900 0. 59 2.52 &1 55. 05 563. 89 58. 29 1109. 79
1000 0. 56 2. 82 65 49. 59 819. 94 27.26 1228. 48
1100 0.53 3.12 B8O 27.06 644. 54 23.72 711. 25
1200 0. 50 3.43 70 24. 88 45]. 68 41. 55 731. 45
1300 0. 47 3.73 70 27.01 466. 76 22. 11 561. 72
1400 (. 44 4, G4 60 29. 17 R32. 24 18. 86 h42. 67
1500 0. 42 4. 34 85 23.19 489. 09 22. 97 570-15
1600 0. 39 4. 65 80 26. 37 512. 94 26. 52 589. 06
1700 0. 37 4. 95 85 29. 94 460. 32 18. 49 594. 03
1800 0- 35 5. 26 70 36. 35 668. 9 35. 16 933. 23
1900 0. 33 5. 56 40 8. 28 273- 3 6. 39 405. 23
2000 0. 31 5. 87 0 12.11 273. 31 2. 61 296. 02
2100 0. 29 6. 17 0 9. 99 208. 58 3.17 281. 12
2200 G- 28 6. 48 O 6. B3 Z44. 54 5. 79 330. 76
2300 8. 26 8. 78 v 8. 55 302. Q8 2. 24 345. 69
2400 0. 25 7. 09 0 16- 48 302. 08 9.15 365. 36
2500 0. 23 7. 39 0 13.63 338. 04 4. 48 283. 6
2600 0. 22 7.70 0 1. 57 172. 62 6. 16 231. 45
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Table 2 List of the main herb species on the northern slope of Changbai Mountain
X : Fg A ,
lif Chi::-se fame LT # Latin names No. (Chinese name L T4 Latin name
1 EBAaE Diphasiastrum annotinum 57 BWEHE (. jamesit
2 KM Hippochaete Avemale 58 7T Brachybotrys paridiforntis
3 B E Cystopteris sudetica 50 JEH Myosotia sylvatica
4 THREK Osmunda cinnamomed 60 ENE Meehania urtici folta
5  HM.fk Lepisorus ussuriensis 61 EMHEER Plectranthus excisus
¢ BHREZEK Athyrium multidentatum 62 R E Pedicularis grandiflora
7 BMEFNHE Cymnocar pium dryopteris 63 ¥t L ik P. verticillata
8 T"HEEE Parathelypteris changbaishanensis 64 EHE Phryma lepiostachya
9 MABERE Dryopteris amurensis 65 FHdbiyEm Galium manshuricum
10 HMEMER D). crassirhizoma 66 Z=BKIEPhRR Galium kamtschaticum
11 RHEE Urtica angustifolia 67 HFH Rubia svivatica
12 WL E Oxyria digyna 68 HER Linnaea borealis
13 #HHEE Polygonum ochotense 66 JriaE Valeriana koreana
14 BHHEE P, viviparum 70 FWE Adenocaulon himalaicum
15 BHEREXZSE Pseodostellaria sylvatica 71 RN IE Aster scaber
16 EWFRHEA Silene repens 72 B4 )L4 Cacalia auriculata
17 &5k Aconitum monanthum 78 WAk F C. hastata
18 ®HEGI A, sczukinii 74 B RILE C. damtschatica
19 280 FBK Actaea spicata var. asiatica 75 BB Chrysanthemum zawadskii
20 KBy ¥ Aqguilegia japonica 76 BEH LW Hieractum coreanum
21 LWL A. oxvsepala 77 *EEXE Ligularia intermedia
22 WP TELLE Clematis sibirica 78 BERERH Saussurea alpicola
23 HEHAEH Paeonia obovata 79 KK EH S. sinuata
24 REBEHE Thalictrum aquilegifolium 80 KOHWKEH S. tenerifolia
25 BUABEH Th. tuberiferum 81 ¥RTR¥E Senecio phoeaanthus
26 Wik &XEE Trollius japonicus 82 NE—HEXIE Solidago virgaurea var. dahurica
27 gULUBR Papaver pseudo-radicatum 83 WMF¥F Calamagrostis epigejos
28 KBHORX Rhodiola angusta 84 /pHE Deyeuxia angustifolia
20 WUIgRX Rh. sachalinensis 85 KR EEHE Diarrhena mandshurica
30 #EHQO Astilbe chinensis 86 ML FEF Festuca subalpina
31 el B Mitelia nuda 87 ER Mitlium effusum
32 HEHIAK Aruncus sylvester 88 BILFHF Hierochloe alpina
33 B TFR Filipenduta palmata 29 WS R Phieum alpinum
34 FRITRH Fragaria orientalis 90 HHEMRE Poa nemoralis
35 KBIEHW Sanguisorba sitchensis 91 HWF Ptilagrostis mongolica
36 KHEREX Hedysarum ussurensis 92 KKEE Carex appendiculata
37 KBRS Oxytropis anerti 93 EHFFHE C. callinichos
38 HEfF¥E Ozalis acetosella 94 BEEER C. eleusinoides
39 HEEEE Geranium dahuricum 95 MKBH C. lanceolata
40 FTEZRBHE G. erfostemon 96 FEEEN C. pilosa
41 KER Impatiens noli-tangere 97 GRBEHE C. ussuriensis
42 TR E3E Viola acuminata 98 WBARR Scirpus maximowiczii
43 HLEE V. selkirkii 99 ERLHH Clintonia udensis
44 W Chamaenerion angustifolium 00 HRitg2d L. distichum
45 WU H Circaea canlescens 10l =S¥ Lioydia triflora
46 HFILEAFKF Aegopodium alpestre 102 #AEH Maianthemum delatarum
47 MK %3 Angelica cartilaginomarginata 103 I #HEBE M. bifolium
48 KEB¥MW Bupleurum euphorbioides 104 JL M Paris verticillata
49 KM% B. longiradiatum 105 ML EH Smilacina davurica
50 HHEE Tilingia tachiroei 106 ML Streptopus koreanus
51 AEREER Pyrola incarnata 107 KHEAW Tofididia coccinea
52 WHERA P. renifolia 108 HIEHERR Trillium kamtschaticum
53 BME Ramischia secunda 109 Fy Veratrum nigrum
54 S Androsace umbellata 110 K ZH= Listera major
55 LRE Trientalis europaea 111 KHER Circaea quadrisulcata
56 W iEAR Gentiana algida 112 X Perularia fuscescens
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Table 3 Correlation coefficients for herb species between axis 1, axis 2 and environmental variables

T HEFFE R Axis Wi g HEFE M Axis
Items SPX1 SPX2 Irems SPX1 SPX2
SPXI 0.0177 COV — 0. 9704 % * * — 0. 0463
ENX2 0.9851° " * —0. 0001 RAI 0.8792* * ** —0. 3559
ENX2 0. 0000 0.9879"***  ACT —0.7597% " * 0.5861" **
ALT 0.8481° %" " ~0.4371" * 69R 0.8792* * ** ~0. 3559 "
0O —0.7579" * * * 0. 3171 JAN ~0.8135%" " 0. 5043" *
N —0.8017" " " * 0. 1928 JUL ~0.8481% " " 0.4370" *
P —0.6973" " ** 0. 2662 FOR ~0.8061* " * " 0.5176 *
K ~0.6962°** " 0. 3802° SNO 0.8481" " * * ~0.4371" *

Significant correlations are indicated * p<(0.10, * x p<C0.05, * % » p<0.01 and » * » * p<70.00]
ALT =31k B ¥ Altitude, O= L+ A HLJK Organic matter in soil, N= 1 ¥ % & Readily available nitrogen in soil ,P=
+ 3% % ¥ Readily available phosphor in soil, K= 1 ¥ # Readily available potassium in soil, COV=$gR N E
canopy coverage, ARI= £ 1% & /K B Annual precipitation, ACT = & H R (>>5 C) Annuval cumulative temperature (>
5C),69R=6~9 H MK & Precipitation /Jun, ~Sept, , JAN=1 B Bl Average temperature in Jan. , JUL=7 A &
Average temperature in Jul. ,FOR= L8 KX Frost {ree days .SNO=$1% E# Annual days with snow cover .SPX1 = #
2HEFEM [ The first species axis , SPX2= 28 II The secondary species axis; % 4 Ml 1~4 fME % 3 #HA

The code in table 4 and figure 1~—4 are the same as those in table 3

I3HAKEFSE—HFREFABRBFOHAXH . CHACNER —HrMItNuBREAXEBRE LR
THASKS EE—R L . HEeMECD USKEREAFEAECERA . 8A 0. 9704 KK AERR .4
NERS 6~ ARBRENIMERSE —MOHEEESHMERT 0. 8792 BRART A Mtk
0.8481 B T HMEH K 70, L IMAVR . KEP HIN 5% —ShayH LR R FoF . DR EYKAERERE
B.5CHERRENVAS THNBAE. REHY . ARAHE B _MTERITFE X LAHEXHE, B
EXRHEXLERESE—WRaK, REHXERHOAD. BE_HTEARTEE.BEN L HPHKK
BHEFATABY X TAAR SR LR SERBERNEABRX.

UBEAHHEEBEN 20 MR ABTHRHHERZE@E DITLUEL, 20 MEKTSR 414, €114
B ERMIBRARQ~4) BEHHKRG~12)  BEHEKQD HIHERQ4~200 83N, B 20 M QgD
BRI A IREE M4~20FH TR 1~13). fEIHNERLUKRE. G & OEEIR 1900m A
TREMK BFE AR LRA, XEHEKALGE . EHRRU TFTRHEREEN TR AR
MRBZHERNY - HEZTRNEE . ZSEHEK BEHHRART AR TEEARD T RSN TH
F¥, BE LG SHE UGEEK BN R RRAMORMONBRE ERFEARNGEXNESR.
XEHFE L EBRFEEARR. ARANEHARBEZEAEEHINARARAHNER ME—FHHRXD
HEAMYRE AR EDAATRARHEME, AR RS I~ORMBHHAREL S~1D4E
MAEMRARHEMYE., NBFETEH,L1800m MR HHEKQ2 SHELO K TREEHMBARESRERE
BR&F 0T A il 1900m AW ERK (I3 SR A TELAAYHARTRANEERE BN SR KRN E
FEPARE, SHEHHEERHAORAEAFERER NB A TRILWERSEHMNKRZH.13 55 SF.
BLGAREAARNKEE AN E . EHLOH ARG ESEEN BHHRLE HAMERE ., ZH I
B LSE. BAKBMERE EHARSERRESPELINS ZRLEFRENIESERS R EHEAXEA
BENTFHGHANBLUERNERAEY RS, EREXNFAVOREQ SRR . EXAYHHRER
BRI ESEAREEE AREHAFAE LA EH SR T X—1HR.

ST L2 HMEAMYAOHEFSER@E DB R G, SEEYR TR RE, K5
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F 2000~2600m MRILHRE . B —EK 5% T 700~ 19500m PR K FAMABH EALSHE 1 ALUHAR.
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TG EEFUD . KAKAEGH . BILEFGH) . FHE@D. ZHBF U0 . HILBHHE GBI K
BREE (O MEEROD KASBH QD MEEEF D). HFF @) . HEZ12) . BEIWF 75 .
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Table 4 Correlation coefficients between the environmental variables in 20 plots

Envirofn:rfal%facmrs ALT v N F R COV

0 ~0. 8045 * "

N —0.7688" "  0.8803*""

P —0. 7461 % 0.7650° " T 0. 6221 "

K —0.7737*"** 0.9292* "~ 0. 8588°" * ~ 0. 7798° "~
COV —0.8155* """  0.7487* " " 0. 7988 " * 0.7422*** 0. 6907 * *
RAl G. 9961 " —0. 7901 —Q.T7TSTT " —0.7469" 7 —0.7682" " " —0.8444" " "
ACT —0.9844" " * 0. 7945 " * 0.7318°** 0.7204° " " 0. 7649* " " 0.7326" "
69R 0.9961*** —0.7991"°* —0.7757*°"* —0.7469*"" —0.7682""" —0. 8443 " "
JAN —0.997Q" " " Q.8034° * ° Q. 7328 " 0. 7388~ * D.7728"* " 0.7831*° " *
JUL — 1. 0000" ~ ~ 0. 8043 " 0. 7687 " Q. 7459~ 0. 7735 " " 0. 8155 % "
FOR — 0. 9958  0.8028" " " 0.7534° " 0.7368" "~ 0.7725"*" 0.7763" "~
SNO 1. 0000" ** —0.8044"*" —0.7688""" —0.7461""* —0.7737"*" —0. 8155 *

Enviro?mfrfal%factors RAl ACT 69R JAN JUL FOR

O

N

P

K
COV
RAI
ACT —0. 9654* * *
69R 1.0000° ** —0.9654°°"
JAN —0.9865" "~ 0. 9950 —0.9865"" "
JUL —0.9961" " " 0.9844*** —0.9%61***  0.8971* "~
FOR —0.9839" " " 0.9964*** —0.9839"**  (0.9989**"* 0. 9958* * *
SNO 0.9961*"** —0.9844* " " 0.9961" " —0.9970"** —1.0000""" —0. 9958 "~

Significant correlations are indicated * p<C0.05, % % p<{0.0] and * * * p<0. 00}

EHFREME XS AHED, LEHNTEIFTTRHIZRHAKA.REBENHRAARC) B FHE
G OHEE WO BREZEG).EHIKAD HEETO KRR . B HFERGD . . ENE
(60)  EBBAREGH) . AMHEHUAD. LM FG.MRFTI) . KERUAD . S HFEER O . MERY
(105) AL EBEQL04) . EHZB RO . MMKE R (95) KEREUIDS; TANMM EEL 5 T ol 655K, R
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2 70 B I AR PR 7 T TR L S M R 286 o 43 A 7E U SR RE A R B A R 2K o 6 4 A B B K A
Bl EEEREUO) KEBEUD . BMHEREGH) R B L L U8 . KRE(68)5 .4
2 HEFE B b 7 X S R 26 T ZE R B IR A A M B AR P L BREE L
4 itig
BHAESEGTHNESHY N —FATHEE RAR. EHESHRRBERZ KR KANREHE W
S B HRFENSREHRNAITHRAE AT IREECRBAFENER. BIRAEEIERHA
HEARNES THELARSHHCHERNFH A S EERALILEXF—TEEECH B
B SESENERGATHERERATHNER B AN 46 SREE T2 E X E, WK
BREEEIYFBERTZ S50 . A2HEEBRX TSETFTHEFE THALREE FHERBE, X
FEL . REBRA-LtRWEMETF AHEHATHENER LS E—CBE LERMEREYEH 4.
W FRAFT PR ERAE SR TEEMYHN L Eh 8RR, kA EELENER. BHEER
BRI BRESHTENERMNERE A TAV B,
ATHHERAMNBR-ITESENBHEER . AEFXHYN S A REEENBERLRALKHENES
$ B B TERIR 700~ 1900m MK EP A TEEAMYHHLMARNGHEREVWBHESE B F
B R RS R R, 5 K BB AT 38 B8 — B0 0 R rE bk S5 0 8t kL B 61 i K 5 1 R AR
ZEAXERENIEFER. B—FEH ERBLER  ERMYH 02 REZN, A5
REROELEESEN. AN SHELXENMARYNAHAAR I HAECHNN“AYRERA".

A Y A 2 M R AE SRR B bt S R LB AL B SR BE A
KAWL EARRAERRNESAHEEERKRERT —THARNI R XIERBATREIN
HEFFE A THEMNRB, ESRRHFHAEFSHEFAE —FRNENGER.
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