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The species diversity characteristics comparison of Quercus mongolica

community along environmental gradient factors
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Abstract ; Diversity of Quercus mongolica communities was investigated in 13 sites across northeastern China which differed in
latitude, altitude and longitude. Field investigations were conducted. Measurements were conducted from the north edge of Q.
mongolica range (Huma, Heilongjiang Province) to the south end (Baishilazi, Liaoning Province). The geographic position
(including latitude, longitude and altitude) of each site was recorded, and plants in the tree layer (including all mature trees,
saplings and seedlings), the shrub layer and the herb layer were sampled using plots measuring 20m X 20m, 10m X 10m and
10m X 10m, respectively.

Species richness, Pielou’s index of evenness, the probability of species encounter, as well as Shannon-Wiener and Gini
diversity indices were calculated for each plot in each site. Relatidnships between species richness or the diversity indices and
the environmental factors (such as latitude, longitude and altitude) for the whole fields and different structural groups were

analyzed.
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We found that the spatial distribution of species richness and species diversity of Q. mongolica communities showed great
heterogeneity in different sites, to the extent that species richness and species diversity of some plots within sites differed. This’
indicates that these diversity indices may be affected not only by latitude and altitude, but also by topographical factors such as
slope, soil, age of communities and disturbance.

The correlation and regression analysis showed that species richness significantly related to altitude and latitude,
decreasing as altitude and latitude increased. Additionally, patterns of plant species richness differed between plants structural
groups. Woody species richness related closely and negatively with latitude, as did herb species richness with altitude. No
significant relationship was found between woody species richness and altitude or between herb species richness and latitude.
Taken together, this suggests that the species richness of vascular plants may more closely relate to altitude than to latitude.
Neither the Gini diversity index, Shannon-Weiner diversity index and nor PIE closely correlated with latitude, longitude or
altitude.

Altitude and latitude are indirect environmental variables indicative of average temperature, and can drive gradients in
species richness. Different patterns of species richness along these environmental gradients exist for different structural groups
perhaps due to the fact that woody plant distribution is sensitive to large-scale environmental factors such as latitude, while the
distribution of herbaceous plants is sensitive to local-scale environmental factors such as altitude.

CCA ordination among diversity indices and environmental factors also support above conclusions.

Key words : Quercus mongolica community; environmental gradient; heterogeneity; species richness; species diversity
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NELGEITHEREREE,. EHRAEEEBIL, FHREFERTRE L, S HRE S HRTRES, BELAE T LGARS, REL
ERFEKRLRBREINKG . BELEFRETHFRE BEIEAFEARBRFPR . BRI HBRNTR, BRAENBEFHRELREER
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_ Table 1 Research sntes,thelr geographical pos:tlons and their general survey ) _
M Z&E GE ?Eiﬁ(m) ¥E () BEHRE( . AKEF
Sites Longitude Latitude Altitude Slope Canopy coverage Human activity
1 124°46' 40°44' 770 20~36 80~ 95 2 Very weak
2 125°51' 41°45' 445 28 75 B2 Very weak
3 122°14/ 42°47 280 17~21 60~170 2 Very weak
4 126°43 42°58' 340 22~25 75 B Very weak
5 126°55' 43°11’ 360 15~16 80~90 ¥ Very weak
6 126°54’ 43°12 300 15~20 75~80 5% X Strong
7 128°00/ 43°51’ 195 0~11 50~65 2 Very weak
8 129°00' 46°59 451 8~9 55~60 B Very weak
9 132°28' 46°05' 530 150r28 600190 ¥4 Very weak
10 129°11 48°05’ 457 25 60 B Very weak
11 127°19° 50°18’ 125 6~30 >80 51 Weak
12 123°59° 50°20' 584 Qord~6 60~80 2 Very weak
13 __ 126°31' ___ 51°0% 290 0 o 50~70 9 ¥ Strong
x 1 H AWM F Baishilazi; 2 @4k Tonghua; 3 KX Daginggou; 4 ## Hudian; 5 JEE Il Longtanshan; 6 #A7EH Songhuahu; 7

7L 1L 8% Jiangshanijiao; 8 W #F Yingchun; 9 W Dailing; 10 ZFEHK Fenlin; 11 B W Heihe; 12  JN#& 54 Jiagedaqi; 13 £ Huma

1.2 YR SHER I E T A |
1992 4F Gleason ¥ F EHRHLHITELARWT .

(DYMEEFE XK
G=S/InA (1)
AH.S AETHHRYMEE A BEFER,
(DOBEN M ESREHEZEE] R Simpson PR B HEAEIEE(SP), Gini 8% (D) Ml Shannon-Wiener (H) ¥ £+
SP = N(N — 1)/2?’!{(”5 — 1)
Dzl‘—'SP—l N(N_l)/iﬂi(ni_l)
H = 3.3219UgN — 1/n in;lgn;)
:Tlt'::‘ yIN %#ﬁé‘%ﬁ’l‘%ﬂﬁ s 71; jg% z /I\'ﬁﬂg_%;g S %%ﬁﬁu
(H¥SIE KA Pielou 5 EREVS, KB ARINT .
J=H/H ..
P, H JELM ey LR, B Shannon-Weiner (SWHY M EHER BT ER, Hou AR XY ZEHE, HEN InS
SHEITYHEB).
(4) % &) 45 38 L 2R e
PIE = (N — n) /NN — 1)
1.3 BRI
N F Pearson XS T RHEE . Wi EEF.Gini $#88.PIE . .Shannon & F Pielou ¥R S HERNZE .

U=k

2RI IR A XK AN T ALY EARYNYHEENEEESCIIREREE 4 EMGRAHEXEHE; BB
WA TYMEEESEIR . SENERBTRIRME% R SPSS ).
2 HERMAH |
2.1 RRMBEZSMREFHOYREZTENY RSN

TE BT 48 B hI S R 27 IR ED B R A I E Rt FHT S X, 75 AR BB AL e B A R L S X,
ATFENAARTFARGPREMAZFE AT WHE, AR EA, HZE 200 m® HEHERENETHRBE SN 5 1.8 1.6
A2 AT AN T2 29N N AN I3 SN . NSRS E A EEHEYNEB . HFITRESETH
VIR EE .G % .PIE .Shannon 8 ¥ 1 Pielou 5%, & R FE 1 FiA (1 F Simpson {EHEE Gini HEHEZMFF 1. £
BRXE.E1PER2E% Gini 53 K AHEF] A Simpson 50 .
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IR 5 AR & R IR R T WA B E RO R B R AR, 48k 2 BURE 7 ) Gini $9 3.

PIE.Shannon #§ ¥ Pielou ¥ M #ER — 3, B A E&HF EAHE QR EE . 84087 K9 A B L R &Y F

% [ M =5 )

R HETRFRE 23 F

.
}i-:

HA MR

HEEREAR BAET

ZNEC

IR MRS, H A8 Gini # 3. PIE . Shannon 3 $(F1 Pielou 5 8 A BU{E# A M H

3 PR T B P T 2

KRBT REEE D,
HIESEHENES Y BEEN 1L Y EZEER 2.8, WRHFEEFHLESHEZE, W AT HREREMBARNE ST K, B

FEE, NS A X Y #h B AR .

Gini 7§ R K

EHRERER NTEWSRETH BT, AW AT EFNISHLSRT MTHFBHE6SM T SHT .

24 BREF AT ERENEMB 41 2 SRFURMTFHRREREWH 74 5.75 S 76 5

" EEMERERBENRAERANER, R — 11 ﬁ%#ﬁﬁﬁﬁﬂ—:%ﬁ%ﬁ%ﬁ:ﬂ?ﬁ*ﬁu %
MABHERGIEENARDMEREEENBRAZR UM EEEANSASERREA —EBE
VR EEERKBETEL LGRS, MYWEB X 57 R, URHEEER 10. 75: W EFER/DHOH

(B 7675 KA Al AL, R 0. 906; B /METE T AREFAEM , O 0. 532, ﬂl‘fﬂ*ﬁiﬁﬂ%@lﬁ:)ﬂﬁﬁk*ﬁ&ﬁﬁ%‘ﬂﬂ

sEAL . K 0. 948; B /METE E AREMIEM . K 0. 585, Shannon #5% (H') # & KETEH AE BELL . R 2. 944 B /METE T AR
68,4 1. 129, Pielou #5 ¥ /95 K BB 785 #0938 1L, 0 0. 814; B /MATEF A TEW , 4 0. 471, Gini 8% H Shannon 7
WHHBR, ZTHRETHYRZREEEE M, Simpson 8 EHR, FULEYMEEERENEFES KN EAMX,

W) Tk 2 1 M B IR B A

FEF ARG RN . FEOHBE BRENSENERERT HKEEHLRR NI

I,H

BB L T B MK

B AR R P B B B B9 Gini 8 %(.Shannon 8§ ¥(.PIE #1 Pielou #5 %K.

MFE1F

T E LR W

YR EEE RSO T  ESESERR— R . AN 3 SHI 5 32 S, AR RENED

H,{B T8 Gini 3% .Shannon 35 $(.PIE # Pielou 8 AEBEHW B NS SR BEANEYFH EEE N RE. M HEHR %

MM EERBEERRE. HRFTRE  EHAH——FL.
#2 FIEHE 3HSHUHRFEFEENORESEEENE
Table 2 The richness and biodiversity indices values of 13 regions in EN China
BIFS B S Yy b 2 FEE GINI £ ¥ b [8] 48 38 H' -18 % PIELOU 38
Number No. of plots Sp. dgl G-index JUZE PIE H'-index %1 J-index
1 0002 21 3. 96 0.717 0. 796 1. 718 0. 564
2 0003 24 4. 53 0.722 0.769 1. 845 0. 581
3 0004 29 5. 47 0. 749 0. 800 2. 009 0. 597
4 0005 29 5. 47 0. 829 0. 862 2. 203 0. 654
5 0006 28 5.28 0. 831 0. 880 2. 248 0.675
6 0007 29 5.47 0. 837 0. 892 2. 337 0. 694
7 0008 29 5. 47 0. 846 0.917 2. 391 0.710
8 0009 27 5. 09 0. 836 0. 894 2. 243 0. 681
9 0010 25 4.72 0. 769 0. 860 2. 144 0. 666
10 0011 28 5. 28 0. 839 0. 893 2. 304 0. 691
11 0012 22 4.15 0. 791 0. 848 2.076 0. 672
12 1314 26 4. 91 0. 829 0. 903 2. 290 0. 703
13 1516 28 5.28 0. 751 0. 811 2.103 0. 631
14 0017 34 6. 42 0. 780 0. 817 2.077 0. 589
15 0018 34 6. 42 0.716 0.761 1. 955 0. 555
16 0019 27 5. 09 0. 709 0. 750 1. 747 0. 530
17 0020 26 4. 91 0. 728 0. 785 1. 840 0. 565
18 0021 35 6. 60 0. 775 0. 837 2. 290 0. 644
19 0022 37 6. 98 0. 776 0. 821 2. 172 0. 601
20 0031 24 4.53 0. 835 0. 887 2. 143 0. 674
21 0032 25 4.72 0. 868 0. 868 2. 431 0. 755
22 3334 38 7.17 0. 853 0. 905 2. 509 0. 690
23 0035 18 3. 40 0.719 0. 790 2. 039 0. 633
24 0036 18 3. 40 0. 764 0. 847 1. 922 0. 665
25 0037 17 3. 21 0. 804 0. 738 1. 730 0. 610
26 0038 25 4.72 0. 791 0. 790 2. 039 0. 633
27 0039 28 5. 28 0. 748 0.793 1.930 0. 579
28 0040 27 5. 09 0. 783 0. 829 2. 028 0.615
29 0041 31 5. 85 0. 772 0. 820 2. 054 0. 598
30 4243 43 8.11 0. 863 0. 888 2.524 0.671
31 0044 57 10. 75 0. 866 0. 924 2. 910 0. 720
32 0045 54 10.19 0. 868 0. 931 2. 944 0. 738
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33 0046 47 8. 87 0. 779 0. 821 2. 349 0.610
34 0047 56 10. 57 0. 887 0.943 2.934 0. 729
35 4849 52 9. 81 0. 849 0. 900 2. 676 0.677
36 5051 50 9. 43 0. 809 0. 867 2. 561 0. 655
37 0859 30 6.52 0. 744 0. 744 2.017 0. 593
38 0857 29 6. 30 0. 906 0. 948 2. 741 0. 814
39 0852 42 7. 93 0. 741 0. 746 1. 912 0. 512
40 0851 44 8. 30 0. 778 0. 830 2. 419 0. 639
41 0849 14 2. 64 0. 598 0. 654 1. 402 0. 531
42 | 0848 14 2. 64 0. 686 0. 742 1.547 0. 586
43 0847 16 3. 02 0. 549 0. 616 1. 446 0. 521
44 0846 21 3. 96 0. 646 0. 708 1. 703 0. 559
45 0845 11 2. 08 0. 568 0. 618 1.129 0.471
46 0844 27 5. 09 0. 772 0. 828 2. 041 - 0.619
47 0843 23 4. 34 0. 532 0. 585 1. 555 0. 456
48 0842 25 4. 72 0. 700 0. 754 1. 850 0. 575
49 0841 28 5. 28 0. 765 0. 816 2. 010 0. 603
50 0840 32 6. 04 0. 824 0.774 2.123 0.613
51 0839 27 5. 09 0. 766 0. 816 2. 093 0. 635
52 0838 35 6. 60 0. 779 0. 825 2.222 0. 625
53 0837 37 6. 98 0. 784 0. 833 2. 287 0. 633
54 0835 27 5. 09 0. 783 0. 850 2.158 0. 655
55 0834 31 5. 85 0. 854 0. 898 2. 352 0. 685
56 0832 20 3.77 0. 796 0. 829 1. 906 0. 636
57 0830 25 4.72 0. 794 0. 848 2.029 0. 630
58 0829 27 5. 09 0. 740 0. 803 2. 065 0. 627
59 0828 26 4.91 0. 643 0. 691 1. 741 0. 535
60 0827 25 4.72 0. 590 0. 644 1. 687 0. 524
61 0826 23 4. 34 0. 755 0. 802 1. 818 0. 580
62 0825 22 4. 15 0. 805 0.771 1. 783 0. 577
63 0823 28 5.28 0. 775 0. 821 1. 966 0. 550
64 0822 36 6. 79 0. 807 0. 846 2. 301 0. 642
65 821 31 5. 85 0. 774 0. 821 2. 115 0. 616
66 0820 37 6. 98 0. 803 0. 875 2. 484 0. 688
67 0818 24 4.53 0.743 0. 818 2. 011 0. 633
68 0817 25 4.72 0. 764 0. 825 2. 037 0. 633
69 0816 | 22 4.15 0. 669 0. 706 1. 549 0. 501
70 0814 30 5. 66 0. 745 0. 789 1. 963 0. 577
71 0813 25 4.72 0. 782 0. 869 2. 237 0. 695
72 0812 31 5. 85 0. 672 0. 719 1. 946 0. 367
73 0811 28 5. 28 0. 650 0.713 1. 917 0. 575
74 0811 25 4. 72 0. 790 0. 833 2.124 0. 660
75 0821 25 4.72 0. 773 0. 821 1. 992 0. 619
76 0822 25 4. 72 0. 823 0. 877 2. 325 0. 722
77 0803 28 5.28 0. 843 0. 895 2.515 0. 7595
78 0804 29 5. 47 0. 853 0. 904 2. 396 0. 712
79 0815 19 3. 59 0. 668 0. 726 1.822 0. 619
80 0825 22 4.15 0. 707 0. 764 1. 975 0. 639
81 0806 24 4.53 0. 710 0. 767 2.033 0. 640
82 0818 21 3. 96 0. 805 0. 858 2. 035 0. 668
83 0828 23 4. 34 0. 770 0. 823 1.918 0. 612

1~5 SR H#b K h K ik ZF (Jiagedaqi) ,6~13 B R IED (Huma), 14~19 B4 76 B3 (Heihe) ,20~21 BB REFETHERARBIPK
(Fenglin) , 22~ 25 5 ¥ Hi i 7E 4R & T 897 14 (Dailing) , 26 ~29 5 FF b 1% A 4L AL 1 10 F Akl 15 89 R XAk 3% (Yingchun) , 30~ 36 5 £ i 7E 4t
F 1075 B9 71 3F Ak 3% (Jiangshanjiao) , 37~ 38 B %% M4 8 1k (Tonghua) 2B EE F, 39~ 40 S b4y #e48) (Huadian) T X8 RE 7, 41~49 B 2K
H AR (Songhuahw) X HEF ,50~55 5 8 F M B 1L (Longtanshan) ¥ 4,56 ~70 5 811 T4 B A & F (Baishilazi) B R RIF X5,
71~83 5 M 5 & K F# (Daqinggow) B J7

2.2 YMFEFEE.PHELESHERNFZEBXR

BIEE L WEFIEE. BRSSP EFTE .Gini #54(.PIE. Shannon 5 F1 Pielou {8 FHHEULE 2). WFE 2 BT
LAE Wt AN [EHD 23 EEEMSMEEEERWEHERAERER AT T TG X B A RS HE YR EMES YR
FEE. MKRAEANBXASREMEYMHENSEMKAODH FE R AT AHIH TG X W B & &1 Gini 7§40, Shannon 55
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W PIE, 300 % #0 (X 5 A B 8 i 5947 BE , ¥A 76 30 4 X L A 49 .
PIE. Gini #%{.Shannon $5%(f Pielou ¥ %} . 10 | ;
B ETCE R A 13 MM AERERY  BE s I R
PR S WEIR A B IIE R, HL B R 7 2 R=2. 528 — 0. 0044X g" ot g ¢ § } : .
(5 &) —0.0005Y (¥R, Prob>F, p=0.567, F=0.601; Prob 83 41 ‘ ‘ ‘ . '3 ,
>[T1,P=0.0247; R—square =0.1037, FIHXZ A REBE ooy :
% ;{12 Pearson #1447 32 B0 . 900 o B 15 96 98 B A K 1 _gs:o_ I 2 3 4 5 67 8 910 11 1213
b (p=0.120) 54 BB MK M (p=0. 260) EH ] Pearson X :z:§3-°‘ . R
P> BTt F B PIELOU #8%(. PIE .Gini #8 %1 Shannon £ #EH4: E'g 25| ; * s $ . s p
FE AR AL 5 2 B L 5 B IR A B AT K gvf‘;i M 3 $¢°} i
EREAXTRBERBOMENLK FEBXUARLEE 88 ,| .
4 T K B KT 0 X 1 L T B T LA 4 T R g 0.5t
(R FER D 55 BIRZ X RS, 1R R, 2 0% T2 34 5 67 8 910 11 1213
R(FEBE)=25.53—0. 28X (£ )—0.0064Y (>, HH p= _Lor
0. 026, F=3.15, Sosr § {° t 3 EEE K !
Y p< 0.05, WHEEESHEMBREGEEN X Egﬂ-ﬁ; * s *¢
A AENBRNARSII DM ERENELHME@E 2. 1 §E04]
KA BREDFHEFE SER(p=0.015) (B 20 ML E (p g 021
= 0. 044) Z [8) B 745 .35 9 40 22 4 (P 2b) 1B 5 5 4R 10 A 36 4 L T T e o
54 EEEY. H A Sites
2GS R E LR SRR RS B G B e B 5B
BRAFNUBHIKE. Fig. 1 The heterogeneity of species richness and species diversity
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H G & F Baishilazi;2 @4k Tonghua;3 K& Daqginggou;

(p=0.238); HAHMY EMHR . HEEESHBKRAEFTEENHX 4 #1485 Huadian;5 &1l Longtanshan;6 #37E# Songhuahu;

H(p=0.027) (E 2d), M 5KV HEREABE (p=0.937),

3 tig

3.1 YR EREMY RS HEN A= 8 R R

E— TR X . RPHRE L, U EES

IJ[

L ik IR AN

7 {Lili%F Jiangshanjiao; 8

10 FEH Fenglin;11
1 H Huma

¥ F Yingchun; 9

H 12 Dailing;

B Heihe; 12 JMf& A& Jiagedaqi;13 W

ZEW: ORFEMFS KFFCBOMAFL

e QRS EEMA BANHES. HEKEFEHRANB A . EEZHBEATARESINYRAEMEEERERFERGE D,
A ANEMME X, AREFHFEFFERRARN . ARE2MARN, HE2AEYRECEF REER; EHFABA .Y
Fih 2 £ £ 18 BB B 20 Gini $8 (., PIE, Shannon $§$(fl Pielou 8%, JL-F#A—H . B AR AN TFH4AYEHEH FR R RS LA E
3 BN EEEMNDHEEEENNESE
Table 3 The average value of species richness and species diversity in 13 sites
b iy Fh B BEX-4i; Gini 8% Shann 5§ %% Pielou $8 %%
. , PIE _ ,

Sites N. of Sp. dg G-index H'-index J-index

H A & F Baishilazi 26. 7 5. 04 0. 740 0.793 1. 850 0.599

1B 1t Tonghua 29.5 6. 41 0. 825 0. 846 2. 379 0. 704

K EF ¥ Daginggou 27.3 5. 15 0.728 0.813 2- 100 0. 653

¥£ @ Huadian 43.0 8. 11 0. 759 0.788 2. 166 0.576

& lj Longtanshan 31. 5 5. 94 0. 788 0. 841 2. 206 0. 641

¥A7E#) Songhuahu 19.9 3. 75 0. 602 0. 702 1. 631 0.551

YL 11 HF Jiangshanjiao 51. 3 9. 68 0. 842 0. 896 2. 700 0. 685

H I8 Dailing 22. 8 4. 29 0. 768 0. 837 2. 070 0. 650

P F Yingchun 27. 8 5.24 0. 755 0. 808 2. 013 - 0.774

F K Fenglin 24. 5 4. 62 0. 851 0. 878 2. 287 0. 715

M7 Heihe 32. 2 6. 07 0. 747 0. 795 2. 010 0. 581

A&k & Jiagedaqi 26. 6 5. 01 0.770 0. 821 2. 005 0.614

3% Huma 26. 8 5. 05 0. 812 0. 766 2. 236 0. 681
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Fig. 2 Relationships between species richness and latitude and altitude
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