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Diversity and its Impact Factor of Herbaceous Plant on Nanchangshan Island in Shandong
Province, China
CHI Yuan', GUO Zhen', SHI Honghua®”, QIN Xuebo?, WANG Xiaoli®
(1 The First Institute of Oceanography, State Oceanic Administration, Qingdao 266061, China; 2 Tianjin Natural
History Museum, Tianjin 300201, China; 3 College of Environmental Science and Safety Engineering, Tianjin University
of Technology, Tianjin 300384, China )
Abstract: Island ecosystem is vulnerable due to its limited area and isolated space, and biodiversity plays an important
role in maintaining the stability of the ecosystem. Herbaceous plant is one of the widely distributed plants on island
which is highly diversified and respond well to environment. It is vitally significant for biodiversity conservation to
reveal the diversity and its impact factor of herbaceous plant on island. Related studies have indicated that herbaceous
plant on island is not only affected by topographic and soil factors, but also probably associated with plantation and
ocean. In this study, herbaceous plant on Nanchangshan Island was studied through field investigation and sampling.
Species composition and biodiversity were calculated. Then, the impact factor of herbaceous plant diversity was
identified using the method of canonical correspondence analysis (CCA) and analysis of variance (ANOVA). The results

showed that the number of herbaceous species recorded in the field investigation was as high as 85 species and the plants
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belonged to 75 genera of 31 families. The average Shannon-wiener Index and Pielou Index were 2.16 and 0.838,
respectively, and the Jaccard Index between adjacent environmental gradient ranges were all lower than 0.5. The
Shannon-wiener Index and Pielou Index tended to reduce from the edge to center of the forest and the 2 indices were
generally higher where soil pH, moisture content, total phosphorus and total potassium were low and altitude was high.
Meanwhile, the Jaccard Index between adjacent gradient ranges was generally lower where altitude was high and slope
was low. Terrain factors, soil factors and plantation factors had played important roles in biodiversity of herbaceous plant
on Nanchangshan Island, and altitude, total phosphorus and distance to forest edge were the most important factors.
Key words: Island ecosystem; Herbaceous plant; Biodiversity; Impact Factor; Nanchangshan Island
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Fig.1 Sampling plots of herbaceous plant on Nanchangshan Island
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Tab.1 Statistics results of environmental factors

VR Fedb MBI I T N THREHE T R T

Al Sl As pH MC TP TK TN TC SD DxH DE DS

BF AR 1 56 18.0 0.96 6.81 1.98 0.41 2.67 1.32 19.57 48 55.42 72.6 231

i 1 2 51 7.3 0.15 6.68 2.11 0.33 2.80 1.04 9.27 18 77.26 17.3 374

EF Ak 3 53 256 018 | 5.36 151  0.18 1.80 1.37 17.78 82 76.76 57.8 405

PN 4 48 241 050 | 738 202 046 286 1.08 10.44 19 170.86 19.8 457

TRATHK 5 68 132 076 | 696 216 023 218 1.49 17.66 60 94.82 1175 638

] A 6 69 420 082 | 615 269 030 257 1.40 14.17 52 125.78 50.3 361

BRI AR 7 86 24.0 0.89 5.61 1.69 0.25 2.11 1.28 14.62 28 105.78 143.6 259

A LN 8 142 8.0 072 | 574 120 032 1.82 1.45 16.35 14 51.09 228 605
1 BRI AR 9 37 33.0 0.96 5.41 1.06 0.18 1.68 0.86 11.12 42 124.58 20.7 475
g Bk pk 10 62 460 065 | 530 220 029 258 1.83 23.06 17 89.64 8.8 71
% i 1R 11 26 8.0 0.79 7.28 2.41 0.32 2.85 0.34 6.13 19 18.74 22.4 213
i P A 12 42 3.0 099 | 758 206 043 294 151 17.26 15 273.53 14.7 917

TRASHK 13 94 530 025 | 7.65 158 043 255 055 7.43 11 79.35 7.9 636

EF Ak 14 96 650 072 | 5.28 1.31 017 155  0.76 10.30 25 95.02 6.8 156

] A 15 56 100 096 | 5.35 1.83 041 210 243 23.66 76 179.00 115 612

TRATHK 16 79 4.0 080 | 5.11 1.14 0.6 119  0.90 11.31 31 169.31 60.1 304

TRASHK 17 60 1.0 067 | 745 221 052 277 1.67 19.78 63 72.27 271 1072

TRATHK 18 46 290 088 | 5.86 1.65  0.22 1.95 1.75 20.01 50 215.98 29.3 553

KR g0)==E 19 20 160 001 | 833 287 059 376 085 13.26 - - - 342
g MR 20 25 3.0 1.00 8.01 2.05 0.40 2.50 1.14 13.19 - - - 308

7E: Al—Altitude ¥4 (m), SI——Slope 35 (°), As——Aspect 3 7] (hrifEfL), pH——RHEE (JCE49), MC——Moisture Content 5
(9/kg), TK——Total Potassium 4% (g/kg), TN——Total Nitrogen 4=%i(g/kg), TC——Total Carbon /=% (g/kg), SD——Stand Density #£74)

B IK# (%), TP——Total Phosphorus 4=

DBHxTH P 42 xF #1#4 =(mxm), DE——Distance to Forest Edge A% £5(m), DS——Distance to Shore 1.5 #8525 (m), F[FE.

I B (PRIFE L), DxH

average
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PR L By 20 MREIIILIC S A 85 7, 0 Jm 31 RL 75 J&. fERPKF L, %%} (Compositae) HilH Hh %L
iR, k22 M, HICONARAEL (Gramineae) 10 A, H-&F} (Liliaceae) 5 MFIJE/ A} (Labiatae) 5. 7EJ&
KB, s (Artemisia) A &Y 5 Fr, HARKED N —E—F, DEON—JE = F. 18 N ANTHHIEFE
WAL SRR 77 M, 3 )& 3L R 69 J&: 2 D RIRFFERAEHIILAT REAKEY) 26 B, 2R 14 K 22 )&
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Tab.2 Common species of herbaceous plant on Nanchangshan Island

o N THREEE Y M RIRTEVE )T
¥ Rank . . . . .
Species in plantation community Species in natural community

1 Hh R[S 7 B Cleistogenes chinensis MR 5L Setaria viridis
2 3 Artemisia argyi 3 Artemisia argyi
3 KY 4T EEH Carex lanceolata T Bk Abutilon theophrasti
4 AL E Artemisia annua FE AL EL Roegneria kamoji
5 3k Triarrhena sacchariflora 4 R4 Bidens biternata
6 B2 kS Lysimachia pentapetala Z5 B} Leonurus artemisia
7 74 5 Rubia cordifolia ~J 4% Clinopodium megalanthum
8 ¢ 7% & Achnatherum splendens K &3 Chenopodium glaucum
9 45 7 )|, Scilla scilloides KA E Carex lanceolata
10 HIT 432 Viola prionantha S Ui Amaranthus retroflexus

32 MMM HEER
3.2.1a R
o ZREPESERILE 2, DL 25%. 500%. 75% 1170 BN A RS s BEAT HUE S5 200 70 . % FE#h Shannon-wiener 45
HOPYIME N 2.16, He/MEN 1.44 (REHL 7)), SoR{E N 2.68 (FEHh 14); Pielou $8%0°F-341E % 0.838, Hi/MEH 0.702
(Ffsth 1), & K1Ey 0.894 (Ffith 14).
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Fig.2 Shannon-wiener Index and Pielou Index of herbaceous plant on Nanchangshan Island
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Fig.3 Jaccard Index of herbaceous plant on Nanchangshan Island
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CCA HEF &5 R Bow, B A HE il BoAT 225 M (P<0.05), 38—l 28 DU A- I 8555 2105 22 R 1E stk 304 52.6%
(% 3). CCA B SRS IE S B0 % 1IEAHK, 28 45 3% pH. 87K, 22 EE B, $=H
B3R ERAEF LM, B SR E A B TR, 5Pt A A B2 IR K.

#* 3 CCA P M2 5 M ¢ R 4L
Tab.3 Summary and correlation coefficient of CCA ordination
iH Axisl AXis2 Axis 3 Axis 4
P S 5 2 ARG P=0.032
FRIE(E 0.610 0.504 0.398 0.359
V- A O 0.985 0.992 0.995 0.991
YA T 2 BT TRk R % 13.6 24.9 33.8 41.8
VIFh-H 8506 2207 2 R T TTHRF % 17.2 31.3 425 52.6
Al 0.4346 -0.4704* -0.1864 0.0043
b sl 0.0987 -0.3696 0.4722* -0.0925
As 0.0827 0.2841 0.4197 0.4085
pH -0.3923 0.4537* -0.0475 0.2696
MC -0.1302 0.5515*% -0.0055 -0.0186
T TP -0.3260 0.6420%** 0.0056 0.0760
TK -0.2100 0.5643* 0.0391 0.2032
TN 0.0786 0.1614 -0.2163 -0.0585
TC 0.0835 0.0678 -0.1779 -0.0016
SD -0.0945 0.1604 -0.2023 -0.5113*
N TAHARE 7 DxH -0.2185 0.1691 -0.0918 0.4934*
DE 0.6464** 0.2058 -0.3214 0.0331
A T DS -0.3149 0.2832 -0.1643 0.0248

¥ *P<0.05, **P<0.01, T~

AR5 — B AR B CCA —4EHEFr . PR B 178 HE 7 il K50 AL B FEARER G L 5 HE e il A 5 1k
77 FIR AN BEES R et , PEMGEE R R E I, BEES R T b, b pH. SKE. REA
SR ETE, MR E T, ATRURIL, R SE — Rl A B, Ul WY SE 2 (R 7 A1 AR BE ARG BE SR
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Fig.4 CCA ordination diagram of biodiversity of sample plots
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Fig.5 CCA ordination diagram of all species
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Fig.6 CCA ordination diagram of common species

3.3.2 MBHETREMEE

AFEABER T R WK 40 13 DIMEE T, Wik, SR MEARGEE B R A B3
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Tab.4 Impacts of environmental factors on species

PEFEME, Forh A iiAE

75 78S R R wE
1 Al 0.35 0.032*
2 sl 0.28 0.238
3 As 0.28 0.192
4 MC 0.2 0.556
5 pH 0.27 0.274
6 TP 0.39 0.01**
7 TK 0.18 0.578
8 TN 0.18 0.64
9 TC 0.25 0.344
10 SD 0.27 0.248
11 DxH 0.29 0.19
12 DE 0.39 0.044*
13 DS 0.22 0.426

AFEMRER T Z AR RBOIE 5. 3 pH. S/KE EBEMAEMRPZRREIEMR, R, Bn
FRR Gy 2% BEP S 2 18] X2 3 TEAH G, BE B R 0E 59 20 il b5 358 pH ANl 35 IEAROG, HARF Z ARG B3 .

R 5 IR T 2 18] AR 5 R 4L

Tab.5 Correlation coefficient among different environmental factors

Al Sl As MC N TC DxH DE DS
Al 1 0.205 -0.1109  -0.4275 -0.0084 -0.0223 -0.2452  0.1089  -0.0056
Sl 1 -0.1955 -0.105 -0.2093 -0.1507 -0.1289  -0.1995 -0.3897




As 1 0.0042 -0.1671 -0.0288 -0.1343 0.3039 0.3534 0.1177 0.3805 0.2133  0.0578

MC 1 0.5339* 0.4919* 0.8162** 0.1899 0.1415 0.0705 -0.0818  0.051 0.0559
pH 1 0.7116** 0.798** -0.2754 -0.2913 -0.2795  -0.0296 -0.0951 0.4672*
TP 1 0.7818** 0.2134 0.1443 -0.1153 0.0328 -0.3055 0.54*
TK 1 0.0267 -0.0105 -0.2337  -0.0663 -0.1796 0.2293
TN 1 0.9359**  0.5347* 0.3778 0.0596 0.3252
TC 1 0.5543* 0.2482 0.1272 0.2391
SD 1 0.0375 0.2892 0.2322
DxH 1 -0.1272 0.3439
DE 1 -0.1424
DS 1
3.4 FESER

(LD NTHEF

ARG BT a ZREERMERAT 20T, FTRURBL, BEAE AR5 LIS 0, - Shannon-wiener 35 40f1 Pielou
TREU Il % (1 7D, ANOVA 4 R BIR A [FI AR 25 BE X 1] R 2 MR8 2 57 A B2 (P-=0.634, Pg=0.978).
B FE AR 2B B 34K, Shannon-wiener 5 Z0F1 Pielou & 402 #T P4 (& 8), ANOVA 45 R B R AN RIS E 55 2%
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Fig.7 Biodiversity in different stand density
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