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Self-organizing feature map classification and ordination of Larix principis-

rupprechtii forest in Pangquangou Nature Reserve

ZHANG Qindi"?, ZHANG Jintun"" * , Suriguga' , ZHANG Bin', CHENG Jiajia', TIAN Shiguang'
1 College of Life Sciences, Beijing Normal University, Beijing 100875, China

2 College of Life Science, Shanxi Normal University, Lifen Shanxi 041004, China

Abstract ;. Understanding plant communities with respect to environmental features is a fundamental basis for vegetation
ecosystem management. But ecological data are always bulky, non-linear and complex, showing noise, redundancy,
internal relations and outliers. There are also wide variability in variables and complex interactions between explanatory and
response variables. Namely, non-linear analyzing methods should be preferred for the study of plant community. Self-
organizing feature map (SOM) is a comparatively new tool for data analysis, and it could be effectively applicable to
classification and association. Theoretically, it can describe natural phenomena and rules better. It can distribute
information within the whole network with variation of weights and problems for some units cannot affect the network
function. Therefore, it is suitable for analysis of vegetation ecosystem which has attracted much attention from ecologists. In
the present work, SOM was applied to study Larix principis-rupprechtii forest in Pangquangou Nature Reserve through
clustering and ordination. Pangquangou Nature Reserve is located in the midst of Luliang Mountain range, at 37°45'—37°
55" N, 111°22"—111°33'E. It was established for the conservation of the first-class nationally protected bird, Crossoptilon
mantchuricum , and the cold-temperate coniferous forests ( Larix principis-rupprechtii forest and Picea forest). The diversity
of plant communities is the basis for conservation of endangered animals and plants. In this field research, 120 samples
(quadrats) of 10 mx10 m for Larix principis-rupprechtit forest along with relevant environmental factors were set up, and
species data was recorded in each sample. 105 major species and 6 environmental variables ( elevation, slope, position of
slope, aspect of slope, soil thickness and litter layer thickness) were used to implement the method. Classification and

ordination was carried out by using SOM toolbox in MATLAB (7.0). As a result, the SOM showed a high performance for
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visualization and abstraction of ecological data. The trained SOM efficiently classified 120 samples into 7 groups
representing 7 types of plant communities according to a gradient of species Importance Value, and displayed a distribution
of each sample and species. The result of SOM classification shows significant ecological meanings, and the characteristics
of each community were described. The species component planes helped to interpret the contribution of each species to the
classification. The obtained groups showed clear boundaries on the trained SOM, indicating SOM ordination could reveal the
ecological relationship between them. Additionally, by proposing a method to visualize environmental variables not used in
its training phase, the SOM showed high performance in analyzing the relationships among samples, biological variables and
environmental variables, and revealed that elevation is the most important factor affecting the growth and distribution of
Larix principis-rupprechtii forest. This method could be used as a tool to extract relationships between sampling sites,
communities, and environmental variables, although the algorithm is theoretically an indirect gradient analysis. However, it
remains necessary to quantify the relationships among variables. Finally, approach using SOM classification and ordination
showed that it could take into account the variability of ecological data efficiently. Therefore, SOM is a very effective
quantitative technique in plant ecology research, and this procedure could be preferred when ecological modeling is applied

to understand non-linear and complex ecological data.

Key Words: Pangquangou Nature Reserve; Larix principis-rupprechtii forest; self-organizing feature map; classification;
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(1) SOM YIZBFBEIERE  FE R BRI S A SOM, fis AJZ #2870 67 5T 3BV it i A58 , HA 5K
SR BOHIA] . VISR ZE T BEe 4 SOM BT (i th 470 ) B A L ZER TR P R 02 I Vesanto ™
il Park > 7%, SOM HAICHE H 4% 5x/Ei AFRZ TR BE , FHZ AL PR 1) FIZA 1) SOM BRI EON 2R M 45, L
IR 2 ( quantization error, QE) M FMRZE ( topographic error, TE) BNy e 1o ST 2ok B B v I 25
SGERAE N B L 2 o R A ) O BR Wz A th 2 BT AR URE 5 A F NS R A ) A

(2) AT R R R R P A IR VIR 4 | T HIR0 4 PR PR 7 Tk 2 B — & T i 7 1
1B, HCAB /NG T4 0 2 4 22 0 X A 7 B PR 5E DR -1 A4 5 i 1 A 2 ST AN AT AT Ay i B S, A BB 3
PHATTI T IME PO IR B UG P55 PR 7 (¥ iy A 2 AT AL AE Fr NS ] I, A R R B A A 1
2 BRSS9

iz i E 22V AE BB 2% ( Self-organizing feature map , SOM ) Xif P& 5% 78] H SRR X AL I FA MR A K5
FEMEEA TN 25, SOM BATTHR H 4% 5x/ i AJZ M A TCE BOE , 2950 56 A5 #2845 P B8 [m) Fgh [n] SOM BT AL,
DL AR 25 PR MR 22 B/ NN R AE D 6 ) 87 4R NS5 #4 (QE =0. 236, TE=0) S e &t )2,
REERNE 1 7R 120 ADFEDT LR M ] 52 30— IR SR AR A s a] 20 A

87 97
101 102

110 113
118 120

E1 EREDEARPREIFHRM 120 NEEFTH RTINS E
Fig.1 Topology map of 120 samples through the training of SOM with Larix principis-rupprechtii forest in Pangquangou Nature Reserve
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W SRF ] I YA B b (0 S DX R 288D, Sl S 0] R R 58 A i 310 R SOML 1) U PRk M 2
BYI7 4% 56 4> SOM FITX o3k 7 AN (18 2) gt ¥ AR LY 120 RT3 40 7 28 AR 7 AN (T —
VID) FE 2R 7

I A6 db % M s + 5 F17-F R-P% T 2 3B V% ( Comm.  Larix principis-rupprechtii + Picea wilsonii-Corylus
mandshurica- Carex lanciolata) o ZREVE A0 T HEHK 1800—2100 m Y B3 k2 BA B 3% &F 4—45°, v ARZ LU
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bV AN AT O T TR AE — 8 R 1Y L HE ( Betula .
platyphylla) ,JEH /D& W ZLKE ( Betula albo-sinensis ) . 111 |

o
o
T

¥ ( Populus davidiana) 55, L& #A  FHF00 T4 1
MIESZE , ETRARAL T 2 MEE . MRON AN
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chrysantha) V0 Bk ( Swida bretchneideri) | . & 45 2k %
( Spiraea pubescens) 1 (Rosa bella) 5 A B £ 47
A BEAS 2 DU AT A2 w0 b A0 e B AR A A T R
( Cimicifuga foetida ) . M 25 FE #y B ( Thalictrum
petaloideum ) | K& #5 ( Phlomis umbrosa) . & 3k 3% ( Vicia
unijuga ) . — WK %8 5 ( Aster ageratoides ) . 111 % T
( Parasenecio hastatus) %5 .

1 AU b -2 35 1k + 4 18 2L 4Bl B 22 Roie Vg
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m 2 B EE BRI, B <300, Te AR JZ LAAEIL IS FA S 32, i A7 0 B 1 AR 75 4T L Z0HE B B2 ME ( Betula
dahurica) %5 ; HERZ VISR S AL B3 0 LS L EH HIBL(Ribes burejense) %5 ; AR ZFi i £ |
BT EE R IR B AS ( Fragaria orientalis) 85 FEAN ¥ EAT ( Polygonatum odoratum ) . F+ K A 75 ( Phlomis
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sinomontanum ) 5§ .

IV AL 7% M FA-J L - B 5t ZE B EYS ( Comm.  Larix principis-rupprechtii-Ribes burejense- Carex lanciolata) . 1%
FEV& A3 A THFIR 2000—2300 m 2K B3 . T2 ARt ig A o 4 X It 3 TR A i /0 6 ) RS e 35 45
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AT AN T 5 WAS 2 DA BT 22 5000 32 B 70 A A AR 5 RE%%  FR4E ( Delphinium grandiflorum) /N34 BYAE
(Allium ramosum) %5,
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parviflora) (BARE ( Cortusa matthioli) KM 48 5L ( Mertensia sibirica) %5 .

VI At 7% o #8420 A& -3 B 22 BB YK ( Comm.  Larix principis-rupprechtii-Lonicera tangutica-Carex
lanciolata) o ZRET& 5341 T HEHK 2400—2600 m FUPRZERMIT . FeAJZ LLAEALTE HAS 32, 35 4T HUG HEAR Z
FEdT R LA S L AR AT AR B 2w
2.2 REEAE

1 2 120 FEJ77E SOM i th 2 44N AE 09 70 A5 (BT, Wl 2 R D7 19 SOM HEFF 4558 . #RETE 19402845 R
ANTEHEFF I B (I8 3) |7 ASHETE S B AT HL A 0 BRI AR, 500 S e T AL E VR Z IR R

o
(9}
T

o
=~

o
w
T

BR EG #E 25 Euclidean distance
o
T

e
—_
T

SOM .57, SOM unit

B2 FAx2ERERESES6 1 SOM BT
Fig. 2 Clustering of 56 SOM units using complete linkage

method with the Euclidean distance measure
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HERF 23 [6] B PR BER6 BE L SOM BT 10 1) B — 31 855
R s (B 4) | B EBR AR R I 7 1 (E
K, M 4 ATRLE R B B A A e WA e, BT
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7‘3— f"ﬂ E"J— /I\z% /5\1% E , jr_%i Ji Bﬁ'&@*fiﬂ"] EE}I‘ jaJr &Xf@ Fig. 3 SOM ordination diagram of Larix principis-rupprechtii
SR RE L R BRI 07 (L, 251 Rk, orest I Paneduangou Rature Reserve
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Yehir

46

TR IR R

68 12.01
50 m H )
32 3.17
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