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B oA OB RD 01 PR A LA 15.1—20.0em &b ;02 FF il 48 HIAE 10.1—15.0cm &b, PHHETE 3 R A — KK
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Abstract: For Phyllitis scolopendrium, a second-class national protected wild plant with extremely small populations, which
is distributed in a narrow region of the Changbai Mountains, we analyzed the population size, distribution frequency and

density, individual features, and the variation of internal and external populations at 729 and 1008 m above sea level (asl).
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The plant height, substitute age structure, distribution pattern, community biodiversity, and similarity of various layers
were also described. Results showed that P. scolopendrium was a typical occasional species, which showed a patchy
distribution pattern. At 729 m asl, the population density was the highest (91 per 400 m*) , with a distribution frequency of
93.75% and highest density of 30/25 m*. At 1008 m asl, the population density was only 31 per 400 m” | with a distribution
frequency of 43.75% and highest density of 15/25 m’. Based on the analyses of morphological features, including plant
height, leaf number, sporangium leaf number, maximum leaf length and width, minimum leaf length and width, canopy
width, and leaf thickness, we found that the morphological features of the internal population showed the highest variation,
indicating a decreasing trend with increasing height/age. Additionally, variations in plant height, mature sporangium leaf
number, maximum leaf length and width, canopy width, and leaf thickness all showed significant differences (P<0.01),
indicating that the two populations were from different species types. Plant height showed a double peak pattern. Trough
value of type 01 population occurred at 15.1—20.0 ¢m, whereas the trough value of the type 02 population occurred at 10.
1—15.0 c¢m. There was a significant update process in both types, and a break of the type 01 population at 40.1—45.0 cm.
We analyzed the age structure of type 01 and 02 populations and found that there were five age classes of the type 01
population, which showed a normal distribution pattern, whereas the type 02 population had four age classes, which showed
an inverted J distribution pattern. Type 01 and 02 populations were at juvenile and middle age stages, with no trend of
senescence. Based on the spatial pattern analysis, we found that P. scolopendrium showed a negative binomial distribution
pattern. The diversity indices, including Shannon-Wiener, Pielou, and Margalef, showed that the similarity index of tree,
shrub, and herb layers in the two types was low, indicating a low biodiversity status compared with the local climax
community. Phyllitis scolopendrium was considered a companion species because of lower importance value in type 01 and 02
communities. Similarity analyses showed that plants in tree and shrub layers were the most similar, followed by the herb

layer with values of 66.67% , 69.23% , and 38.46% respectively, indicating that the herb layer had the most variation.
Key Words: Changbai Mountains ; Phyllitis scolopendrium ; population structure ; distribution pattern ; species diversity
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Table 1 Morphological characteristics index of Phyllitis scolopendrium population

WRER  BATE RAH AR PR 0 —
Hies Leaf number Max. leaf Min. leaf Sporangium leaf number Crown diameter TR B
Ve T 3K
T S TR T T Leaf
PlaNo.  Number ey BIEREE O S vy ETRE TR RN s thickness/
¥ g /1dt] ngt Vidt
Health Unhealthy ong! ! e ! Maturity Immaturate  E-W/em S-N/em mm
cm cm cm cm
01 31 19.64 7.19 1.58 3094 522 1424 348 4.68 0.55 37.17  34.24 0.0328
02 91 11.15 6.18 13 1775 378 11.07 254 223 0.28 19.79  19.55 0.0249
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Pielou $5%% E =H'/In(s) (9)
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2.1 XHFFERFIEEDS B EE SRR 2 5
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Table 2 The CV of morphological characters within populations

LD € o N Afrgent i At .
TR S 2B W Leaf number Max. leaf Min. leaf Sporangium leaf number Crown diameter TR
Leaf
Population variation Plant K s K s . . . .
. ‘ e A or o BRI ER e pun ermm Ame e hidnes
coefficient height/cm Length/  Width/ Length/  Width/ )
Health Unhealthy Maturity Immaturate  E-W/cm S-N/cem mm
cm cm cm cm
01 A
. 0.5590 0.4115 1.2839 0.4340 0.2772 0.7219 0.5214 0.7778 1.5501 0.4899  0.5575 0.3855
01 Population
02 FE
. 0.8285 0.5866 1.2761 0.7766 0.4380 1.0405 0.6335 1.5418 2.4687 0.7240  0.7283 0.3549
02 Population

G RRYY AR 7 RIE R RRIE SR PRAEFIHRE N 09 22 5 AR B/ IMERIR Y Oy - A 16 e i 5> i it > e
AN K B S EEAR > e R R TE > A SR T R > I JERRE 02 FREE L 01 FhEEIE AR RS b i 42 S R 3, B
FIEEEFRRAL , HAR 6 A8 hn i T 01 BF5 . BEAE MRS BE (AEES) 3N, 3 6 FSIR RHIEFE 1728 57 R 5
BEZ I8/ o _EASKER . A i R AR R R 1) AR A A I B T4 T A A S B B, LA 3t B
AN TEAE, A8 S 5 Bl A R () 328 5 LA, 28 S s/ N TR
2.1.2 XFFRMEHIE S E R

X FFBRAN R (R AS AR AR AR o 25 PEAS 30 Ay 2240 T4 R LK 3,

*£3 BERFESWRI L (¢ <0.01)

Table 3 T-test and single factor variance analysis

R R BN CEE e P e .
B e Leaf number Max. leaf Min. leaf Sporangium leaf number Crown diameter T
R it Leaf
I Plant K R KE o Leal
Standard of analysis height/cm R i Lonath/ Width/ Leneth/  Widih/ PR fFRmE Rym mdtm thickness/
¥ y /1dt] .engtl t
¢ Health Unhealthy ong! ! e 1 Maturity Immaturate  E-W/e¢m S-N/cem mm
cm cm cm cm
JrEsH F 12.502 L614 1227 16336 14780 1447 5337 8.450 2211 20291 13813 10.108
ANOVA P 0.0007 ** 02082 02719 0.0001 “* 0.0003"* 02330 0.0239"  0.0049 " 0.1363  0.0000 " 0.0004 ** 0.0022 **
¢ Ky t 3.5359 12704  1.0612 40418 38444 12031 23102 2.9068 1.5071 45045  3.7165 3.0099
t-test P 0.0007 ** 02082 02935 0.0001 “* 0.0003"* 02330 0.0239"  0.0049 " 0.1363  0.0000 " 0.0004 ** 0.0042 "

T RS EE, T NERWDE

SR g TR TR AT BB /N R 3 TR bR 25 R R e/ B 25 S L (P
0.05) ; B e KM K RNSE B B 4k e | i JER R A 3 25 Rl e 3 (P<0.01)
2.2 WIFBRFNEE G AR A S BT

X FE BRAR IR (R AR T 15 B L 10em EAT 4020, 43 3 SR B L IR 1, ARl 43 0—10.0,10.1—20.0
20.1—30.0,30.1—40.0cm Fi1 40.1—50.0cm5 NEEHIFFRIC A Al B i ] OH08 0] 2 A s B . 1A 1
R 01 FPRERY h OHRS R AR LU ) RT3k 64.52% , T 4l i ARk L A9 R I R AR L BN 7 16.13%, 02 FlvE
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ML R 2, 28 7 3] 62.5% , Lt i T HAWAS BT . KL 1 TR DUE 2 4R 1008m 1Y 01 FhAE i i vl
RI93 9 5 AN I HRREC G I T IEZS ; MR 729m (9 02 FhEES IR 20 0 4 DG I8 Zamk 23 A g 18
JH L AT 01 APREAL T rp OIS B BBRIRS 5 5 02 R RIS AL T4 W &SRB B, WRETE X T R Fh R 24
A IR B AR I 25 4
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30 L o 01FhEE 1 o 01FhEE
a 02FhiE s | 8 027Fh¥
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515 ~ -
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L b e Leh I T e
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Fig.1 Age composition of Phyllitis scolopendrium populations
2 MABMBEES ST
Fig.2 Height distribution of Phyllitis scolopendrium populations

SR — 25 A AT TE BRI I 40 1 ST, B AR R LA Sem - S HREE IR LR 2, B2 BoR
XEFFBRFPRERE B AR I S B0 4K 1008m 119 O1 FRAEIE A HhBLAE 15.1—20.0cm &b ;4K 729m 1 02 FhiE
B BLAE 10.1—15.0em Ab, Sz Wl B X I 3 5T EAT T IAPE R A, 5340, 01 FhBERR B0 sl 30 K, DU HLAE
40.1—45.0cm Kb H FHE Hr
2.3 WIFBRFNRE o A A% R R R

DU —FRTE 4 A 2mx2m B RO TAAT IO SR A R SEnt 4 B R FE/INEE D I BRI RR B, X 7 B2 iy
BT B O3 X TR BRI R (0 25 [R) o3 A ik S A b, S5 SR L3 4

x4 XNAFBEMBZEHMHE

Table 4 Individual spatial pattern of Phyllitis scolopendrium populations

— Morisita Rt
RYdttr 2% ; _ _ TS .
pep P oo TR s e casie bl o Chi-square test
s as] Congregation  Dispersal . X R Negative
Plot N Mean indices dices Morisita Cespitose Cassie binomial s
oL e crowding (M) ' mdees diffusibility  indices(I) indices (CA) oma X2 X2 I
(P;) () Lo parameter (K) 0.05 Conclusion
indices ( 18)
ERARE, BRI,
01 8.4516 4.3621 8.0151 4.5075 7.0151 3.6207 0.2762 0.0236  7.8100 -
I BT 7
YN Z Rk
02 14.5055 2.5504 10.4725 2.5788 9.4725 1.6655 0.6004 2.7151  9.4900 R ARE, EZRER,

B A 81— I

R4 UL PIREVE B IR X2 <X o5, 2250 AN B35, Wt SR TP BRI SR A A R R A

IS K A SRR IO, K fE M) SRR RO . A K (IR F] 8 DL IR T REHL 1
SERIPRETRE (M) B 1 7E45 MR b AN AR P B B0 L B (e g IS AR SO . SREUEARAR (P,) I
T RAEOIRFLRE . P HCRE(C) M Morisita 47 FORAE £ (16) S WERRES AT E 25 R YA BEDLEREE (P, .C
16 55 BUE =1 W BEHL M BUE>S 1 IR ) o INASEBR (1) SRR AR PERERE (1= 0 R BERL >
i 150 B REEIM) 5 BIRA R IR S M E s A 22 57 {5 7 AR AR 7R T XTI A D 2R 4 7y
iy R — Bk, ZENE SR A K IV &, USRI 7 TR S8 BRI MR 2
Ja AT OTRBRE R AR R G AR . 53 Ah R I RR A3 A SR B R AR A B S AR A T AR R
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B, DIME N RUEE L3 X I BR AR B, S X Rk fie /M R R SR (1S

AU IR ITBRAE SR 73405 DX A RPN AR b | A7 Al U 15 RE 08 A R it A= 77, 1675 1
A FREA AR A AT S LAY
2.4 HEEYRZREETE

PIATEVE AN Z R Fp ZREVES R AR S

R5 MWARBEVMSHEN

Table 5 Species diversity of Phyllitis scolopendrium communities

Shannon- Pielou 452 YiFh 4= Marglef 54X SRS o)A 28 L%
HEK S JZR Wiener 5% . E_ Species Marglef richness Ecological Interspecific
. Pielou indices . . . .

Plot No. Layer Class ~ Shannon-Wiener (E) richness indices dominance meeling rate
indices( H) (S) (R) (A) (PIE)
AR 2.0696 0.8631 10 2.6016 0.1363 0.8637
01 HEAR 2.2818 0.9183 12 2.9726 0.2047 0.8819
HA 2.4344 0.7563 25 5.1681 0.2789 0.7211
A 2.1389 0.9289 10 2.7093 0.1429 0.8571
02 HEA 1.9626 0.7437 14 3.4144 0.2350 0.7650
HAR 2.1936 0.6656 27 5.4681 0.1537 0.8463

R 5 R PSRRI B RN B Marglef 42 5 BEAE BORABON B, # AR EARTE A RT3
N AT LA E R S FC L BB A G 3, W3, Shannon-Wiener $65 44,01 #E7% 4 757 5 02 FE 74 Ay Wl
PeRL, Ui O1 FEFCHE 02 BEVETRE . ¥92IJE Pielou $5%L, 01 ¥ D5 HERL 02 v 14 715, W] o1 i
VR T ARAND 02 FEvE 3 A 20 5 100 02 HEVE ITHEAR (A M A AU 01 BRI A0 A 320, AEZSIEHJE 4,01 B
VRN T RE Y02 HEVE NSRRI U] 02 HEVE A9 R RIS A fF TR U RE , FEAHIEHLR 01 VK
NG HEIE 02 v ALY, il 01 s Y S AR JE BRI AT B LR A S RIS TS AR FITEA)Z , 02 FF &
AJZFPEIA] R B R it S EORR A AL R, A K 01 HEd
241 FAREYIFZHEAE

NET LR REVE TRARZ ZREMEAE IR 53 5], 20006 01 BEVE R 02 BEVE BT A2z il 73 A s I, UL I
3.4, MIE 3 1584 FH 01 FEERITTAMBIA 10 Bl 36 39 k02 #EvE A 10 B, 36 91 Bk, H 02 fEvE TR A
B 01 FER AT AN AT, RPN BT R B EE I MR BN P HER 25 2R 3k 6,

x6 WMABRBEFARHUERE

Table 6 The importance value of trees for Phyllitis scolopendrium communities

01 #¥%/ 01 Community 02 7%/ 02 Community
A g T s g R
Plants name Number ™™ planis name Number ~ ™POTnCe
value value
ZLHA Ulmus laciniata 9 0.2114  HHE Betula costata 5 0.2080
AN Acer mono 10 0.1954 T4 Carpinus cordata 26 0.1712
WHE Betula costata 4 0.1618  ZMHi Ulmus laciniata 14 0.1343
LML Tilia amurensis 3 0.0979 %48 Tilia amurensis 8 0.1224
IKARAERK Sorbus alnifolia 3 0.0932 AWK Acer mono 4 0.1065
TABEI Juglans mandshurica 2 0.0828  /IMEBK A . komarovii 13 0.0798
AU A. mandshuricum 4 0.0749 TSI A . tegmentosum 7 0.0644
AEWH S. pohuashanensis 2 0.0546 BT Syringa reticulata var. amurensis 5 0.0498
I, TF Syringa reticulata var. amurensis 1 0.0146  ZRALIK A . mandshuricum 5 0.0402
LI A, pseudo-sieboldianum 1 0.0134 2546 A. pseudo-sieboldianum 4 0.0234

A1 Total

w
=}
el
—_
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6 w01 BEVE AT | AR AR 2 VR DR Rh 02 BEVE ke T4 fir e S0 (AR
A PLAFD, (A EEEAR BT Mt 0.3, R TR ARJZEHEFIF AR . BRI, A BHE T ARIZZFE
PEFRAR 22 SIS U FFBRAE IR VL4340 P ARTY BRAHSEAR AL, 38 vk A= Rl A
242 ERZYFZHNE

PIREEEARZ YR ECR L EEEHE W 7, £ 7 B .01 BEEILAHEA 12 F0 127 B, IR 7 5
FER A ARk AL LA EpR B 2 AR, 02 BEVRILAMEAR 14 B 166 PR, LAARTL LA AL R
BRAGER RS TP i BB R . PR B A = (0 A Wy Rl S AR LR AE R T8, ARSI, 43
S5 HEARRRER Y 33.07% 1 62.65%

RT MABRBREERBYMERE

Table 7 The importance value of species in shrub layer for Phyllitis scolopendrium communities

01 B£¥%/ 01 Community

02 #¥%/ 02 Community

AT e W sy wg | BEN
Plants name Number value Plants name Number value
KIKTF Evonymus maximowiczianus 19 0.2939  ZRAGILAMELE Philadelphus schrenkii 71 0.3160
WAL A Lonicera chrysantha 42 0.2922 BRI Actinidia arguia 4 0.2821
TRk Actinidia kolomikta 23 0.1700 JRUE o Euonymus maximowiczianus 33 0.1142
ARACILAGAE Philadelphus schrenkii 23 0.1520 KL Acanthopanax senticosus 12 0.0632
AR B Deutzia hamata 13 0.1001  FBRF Schisandra chinensis 7 0.0412
EAE Corylus mandshurica 5 0.0697 IRACIE R Dewtzia parviflora var. amurensis 8 0.0349
il m Acanthopanax senticosus 3 0.0437 JRAR Alangium platanifolium 11 0.0302
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01 #¥%/ 01 Community 02 BEVR/ 02 Community

T e W sy wa | BEN
Plants name Number Plants name Number

value value
EHEH A Sambucus williamsii var. miquelii 1 0.0337 RO TH Syringa reticulata var. amurensis 5 0.0277
TLWRT Schisandra chinensis 3 0.0276 22 B D. hamata 6 0.0261
K HZRRE Ribes komarovii 4 0.0224 K HZRRE Ribes komarovii 2 0.0233
AL R . mandshuricum 1 0.0176 ZRACASHE R . mandshuricum 3 0.0187
W 2% Viburnum opulus var. calvescens 1 0.0118 /DAEIERE TIOF E. verrucosus var. pauciflorus 1 0.0105

E4% Corylus mandshurica 2 0.0078
TR BB Actinidia kolomikta 1 0.0041
A1t Total 127 166
243 HAZRYF A
01 FEIEFAAEYIAT 25 Fh; 02 FEVEA RUAKLY) 27 Fl, HEEHRTEIAIHET 15 FP LK 8,
x8 XMNARBEEREMFEEME(H 15F)
Table 8 The Importance value of the top 15 species in herbaceous layer for Phyllitis scolopendrium communities
01 B¥y%/ 01 Community 02 BEV%/ 02 Community

WA wre TER wa o AR
Plants name Number Plants name Number

value value
MIZEBETEHR Dryopteris crassirhizoma 49 0.2549  MZEEEFERR Dryopteris crassirhizoma 191 0.3835
=X HFK Polystichum tripteron 1235 0.2042 =X HFR Polystichum tripteron 500 0.1678
A5 R Bk Coniogramme affinis 140 0.0881 SRR Sk B Meehania urticifolia 223 0.0740
M Galium odoratum 402 0.0628 ST Phyllitis scolopendrium 91 0.0636
KM Pimpinella brachycarpa 49 0.0600 AW Equisetum hyemale 95 0.0471
7K 4 R\ Impatiens noli-tangere 58 0.0540 FELME Chrysosplenium pilosum 213 0.0437
B R Laportea bulbifera 119 0.0497 HALES 2 Arisaema amurense 166 0.0432
Xt FFBR Phyllitis scolopendrium 31 0.0398 L 75iF Brachybotrys paridiformis 55 0.0257
FIRRMJE Sk B Meehania urticifolia 120 0.0391 1L17af I Astilboides tabularis 17 0.0257
KI5 5 Parasenecio firmus 14 0.0263 HEMERER IR Adiantum pedatum 50 0.0236
i BHE R Polystichum braunit 1 0.0232 B FBE Aruncus sylvester 7 0.0181
E4E Chrysosplenium pilosum 103 0.0148 KT Actaea asiatica 5 0.0131
AR L Pseudostellaria davidii 42 0.0134 HAERRKFE Cardamine leucantha 11 0.0117
ZRILEE 22 Arisaema amurense 44 0.0128 IRACIRIEBR Lunathyrium pycnosorum 3 0.0115
SRR 52 0.0124 5B Y Phryma leptostachya subsp. asiatica 4 0.0088

Scutellaria pekinensis var. ussuriensis

8 AL, MIRER L BME R T 0.15 WYMo 28R B IR = H R, WIS BE IR | = X H e o
ARJZBIPCFF 10 H BRI BR300 B e AR 8 SLANER 4 7, BEBTRE T BRAE 70 Af XA A A ol T 7 B A
P L DX £ L
2.5 HEERALIE B

THE TV 25 2 UM A BE R 550 A S P R BSORI AR v A B AR RS 2R L3R 9,

R9 BHENBMUEINER %

Table 9 Results about similarity measure of communities

FEE AL EE F5 20 Community similarity indices FFK Tree HEAR Shrub BAS Herb
AHBLEEFE AL Similarity indices 0.6667 0.6923 0.3846
AHSFME 225U Dissimilarity indices 0.3333 0.3077 0.6154
HEVE LG B Co-possession 50.0000 52.9412 23.8095
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