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Abstract

Taking the wetland plants in the middle reaches of the Yellow River as the research object, the
phylogenetic tree of the wetland plants was constructed. Pedigree diversity index (PD), communi-
ty lineage structure index (net genetic relationship index, NRI and recent interspecific relation-
ship index, NTI), functional diversity index (FAD1, FDp, FDc, FRic, FEve, Rao and Dis) were used to
analyze the phylogenetic diversity, pedigree structure and functional diversity of wetland plants
in the middle reaches of the Yellow River were analyzed, and the species diversity index was also
calculated. The main results are as follows: (1) Based on the APGIII classification system, the range
of a diversity index (PD) of the 13 plots was calculated from the phylogenetic software Phylocom
in the range of 706.894 - 2289.17, and the PD values were in the order of S1 > S12 > S3 > S6 > S2 >
S$4 >S5 >S13 >S9 > S7 > S11 > S8 > S10. By studying the structure of the community, we found that
in the plots S1, S9, S12 and S13, the community lineage structure was the aggregation pattern, and
the species had a tendency to gather. In the other plots, the relationship between NRI and NTI was
positive and negative, which led to the inability to determine whether the community lineage was
aggregated or divergent. The functional richness of plot S2 was the lowest, and plot S1 was the
highest. The functional evenness of sample S2 was the lowest, and plot S4 was the highest. Since
Rao’s formula is not revised, the larger the value, the smaller the dispersion is, indicating that the
likelihood of low dispersion of the plot S2 was greater. (2) PD showed significantly positive corre-
lation with NRI (p = 0.045), negative correlation with NTI (p = 0.015), and positive correlation with
species diversity index (p = 0.000). There was a significantly positive correlation between NRI and
species diversity index (p = 0.021). There was no significant correlation between the other indices.
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DL BB N AT B, R T B H RS YIS &R . SR RS RE(PD). #EE
REMIBE (L R EGRABBNRIMNBIEM FEEZRARBHENTD 7N RS HEERBCIREEE
#¥FAD1. FDp. FDc. FRic; LIE835) a4 FEve; ThREEEUFE¥Rao. FDis), 44T T #IW HirE
HEYKE RN, EREMETIRESEN, FFTETUMES AR W EE B Patrick. ¥
PN EiRHPieloufI LR &R YA EE E E5WHIH S EIShannon-Wiener DA & Simpsonfi ). %453
FE: (1) 13MREHIE R E R BTGB #E706.894~2289.170, PDEMKEI/IMERAN: S1 > S12 >
S3 >$6>S2>84>S5>S13>S89>S7>S11>S8>S10; #HS1. S9. S12F1S13%, BEKLRLEH
AREHEN, U2 BERENES; HAEFRINRIFEH SNTHERE RIEAA B HHS21TI5E
EEERIK, HHSINTIREE B, FHS2TIRe S BRI, H#HiS4fTIRey S EHR R, HTRao
HITHEARRAEAT , HAEMRK B B R/, Ui B S2 1 T RE B B IR A AT BE1E S K - (2) PDSNRIL
NTI. Patrick#& ¥z |8 4y B 2 B 3# IEH K (p = 0.045). BE H AR (p = 0.015)R B FE EHX(p = 0.000);
NRISPatrickig 2 M| 2 BFIEMHRX(p = 0.021), HAHRBZ BBHTEEMEME.
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1. 8I8

KSR R B B A S R R B AR, SRERAES RGN, AP ke
PR A5 AR B A A1), — BRSO L . ARV 2 R, B4 R
GiR B LR RITNRE S REVE2]. ST b, R S RE b B 25 T A6 T 45 3 2 2 ) o R 4 i o 125 L /D 11,
S5Z M, RARE SRR LA AR R SRS R . 4R 5 IhRRE]. BEALERY,
B MR L R R, S0 R%ERE LHMERIIAE 2 BT AR, B AR RWF £ Rt
(X 2 18], T LA ML KT 1 5 6 5 7 S REPERI T s 2 RERE4] [5] [6] [7]. 3 100 4E3k, TVEZE
BHMTRFAH S RGR T ZRE, BT T RS M AR LS, T IRAED S
HEL AR I T 7E BV M e P AR 2 AR P (8] [9] [10]. EASKE, Wb 8 i L R R0R RAL ML
SR LR B R RAR G BRI MBI R 7 U4E, R AR — I (0 BV A N
120 {142 60, 70 4R A0 Z A BB [11] [12] [13] [14]. W0 55 8 LU 38 J7 195 1 B Rl 2 (8 35 BIDAR % (0 o
o AT g FLA 28 AR RS AL [15] [16] [17] AL B YA 26 (0 R 6 F- 3L 52 AR AR A B, 03 3ol A et
TEMBE RN Z S ARG R T B, T A A F S B RS I R ROZ 3 R R 50 R 7 1 FE 4 B
[18] [19]. Charles Darwin % FEFI 3L A5 A5 HUREM, Bt RS ALRar £ L. B, 4 BL it
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RIS A A~ 35 SR AT AT L AP R EEAR AL . Wb 5 8 bL e D7 vk i) 1 it T AR S AL DR ST £ SRR
BT AR, RTHRANYFRE, NEEAEIE TR MG S AR A i 8 Z R BG4
TKEMRGRKER, 703K D TR R ARG KT AR R RSN E. H5H 21
2y, AT E R RGUR B S ANTTREN . 2005 4F, Webb Al i) ) S5 fig v 73X — ],
AT R T TR @B R G R BRI TR Phylomatic, &b T BEKIRGKE 2, IF
WR T 2GR E 2P S BEHLITUAS € PP 2 FEER S K[20] 03X — RIS R T #l DO T 3L A2 AR
VRN E) RGEK B IR GR R KR [21]. DIREZ FEIE R Fa M ZAEVE P R AR 2 R G2 L T g
25y, BRI Z AR KRG R ABERN TR, FA 7. Prriiae Ak e M [22] .
N T RN AR 2 FEPEXS T A2 38 REUS AR S5 IR ELSEE 0, Mouillot 5523142 HiKs D e 2 A M )
PRI 9 A ThREE & JE (functional richness). Zhifig )41 (functional evenness)Fl 3 &5 #/F (functional di-
vergence) = NMERE . (KL, TFEIDIREZFEIEHEATING,  RR F AR R HE Bon R A YEFEBEAT OEA . DASE
G R ZAEVERIR .

BT AR R 58 T, e R AT A b R ) B LA R A o T BT R A ) 2 R
(R FE 5 L B AT RRAL R [24] SRR JRARMR[25]. /2R ZRErE[26] MR AEBR27]. MYIX &
(28] AL 34 R A ] 56 2R [29) 25 J5 1T« A3 S IA] P it e MU 0 B 22 22 REME I Th B8 22 1 05 T 90 M B 25 1 o

AR S DA ] AR AR A I O G, el SR T R I T (A R AR 2 R HEAT A0 AT, R e A DB e
B 2 ANRREE I (1) R S S R 2 AR S RES RN T BE 2 REE LR 2 (2) B VA AR i M A
VIR ZFEME . 1 R REVE . BEEOE R TIRE 2 PRI SR B AR B A B BRI R R ? AR
BAEAN S T35 S TR ) 2 REVE BRI FU R, D BT i M R A TR (R R L SR A A
o

2. MREXBRSHRSFE
2.1. HFREXER

AIF 2 XA T 8 T e ittt A VAT T 5 1) 10 28 1 o B 0y Yl N 10 Ak RV o R R e, M 3 AL e«
35°20'~35°39'N, 110°27'~110°36'E, J& T-Wzimr KFfitth= XM, HESIREZW, LFFEA T F171Y
KR 12°C~13°C, 1 A FHRIE-4C, 7 BRI 27°C. P %K & 500~550 mm, 67 1 180~200 d.

22. g ESEE

2013 4F 9 J1, DABEIT i e 1 A U ONEE [ BRI AR BB R R, TE AT RS A 1 RR Al b, Rk
BN T BN 7 W EAE T HR AT E S . AR e B BRI 508 AR FE XS A Y 5%
2R HPAT T BRI 5 R BB — 2R, R ERS 1 km BB MR, BRI S A8 T
DX, SRt 13 AN(K 1) ERMEILA, ARSI PR MR, R SR O 5 B LR
MG TR T IR, BRI BT 10~30 A4S, HA AR T Imx 1 m, AT
AN 5 mx4m; BTN LR B AT 177 4, HARERRETT 6 4>, BAR T 1714, 1ERHIA
A, EEALFET NEMRR A R R, RO AMEIRNR, PRI SR &
BEARFAE . ISR A R B AN TS DL 5

2.3. BESH

23.1. ERRME
N FH Phylomatic 7 28325 A0 A 5l T 53R A3 3 T4 TAE 90 25 R A (APGII I
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Figure 1. Location of the sample plots

Bl #hEREE

2.32. iGRIEW

(1) WSR2

FIF Phylocom #4111 pd A SEAFHURE HL K 3 22 2 £ (PD).

(2) BFIELE RA5H

WA PR — DR, i il R RS0 R 185U (net relatedness index, NRI)FH i F a] 55
2% Z 458 (nearest taxon index, NTI) 7> H7 & FEHL (L V& 1 R 4544

NRI AT NTI #5222 3040 R [30]:



_ MPDsampIe - MPDrandsample
NRIsampIe =-1x <d (MPD (1)

randsample )

MNTD,,,, - MNTD
sample — -1x <d (MNTD

randsample (2)

NTI

randsample )

E& A, NRlgmpies NTlgampies MPDgampte 1 MNTDgampre 1% 7 5 7 71 52 B 19 WM, MPDiandsampte 1
MNTD angsample FCZE I FHERI (1% M _EBEHL 999 VKA & it S5 SRAF 0 F 3548, Sd AbRifE 2 . MPD (mean
phylogenetic distance, i [E]~7-35 i {0 BR B9) & B 7% 1 B P Aot (6] T2 (R #E 4L E 25 MNTD (mean nearest
phylogenetic taxon distance, # i FiiA]F- 21 A0 B B9 MIARRAE E — MM S HE 1 5 B 2o & R R
—ANPIFP I EE B . RTRAE S, e ATTREER DN, PRI RIS Ok R

4 NRIAINTIAEE > 0 i, AL R Ff L P e Hh B AL e 2 R P v LA o8 i 1 &R 2R
RIE, RUFFR SN ToRZAH IR YIRNREEAE —H2: 25 NRI A NTI F550 <0 I, AARYFhE]SEE K
F L N P R BE AL 2 S B T8 T A, REARFIR S5 M) TR G008 RIBUE P R SEE— T 4
NRI A NTI $850 = 0 i), FORBEE N REMZFENLI. TTLAE H, NRIEEFTE YRR AL, i
NT I U 8 G0 fe AR ABA R 42 ol 18] £ 52 M1 [30]

2.33. IhEEZ 1

AR FE X ()L BRifL, A FE 3 1 10 FhIhRERFIETR bR : P79 507 =, AH U7 20, AR,
ARTE S ARTEAL, REANERY, SR RE. PR AEE. GRAEMH. e EBTAThREZ AR, BRI OT IR TN B
WIFBEC NIRE ' 5 DhRE S MR MU 3 MEM AT A, AR 2 AT AR, 3
RE=F'& BEIEHL T FADL. FDp. FDc. FRic 4 M8%0: ThREIYSIEEEHL FEve 484 ThREE B ILHL T Rao.
FDis 2 IME%L, ik 7 MBI KA FDiversity ST 15

2.34. M EERRE
KR 4 ANPFh 2 REESREUZ . IR I Patrick F820. S BUIFPI5 5] B 1) Pielou F641. 45
B R W= B 3 5] B ) Shannon-Wiener $840F1 Simpson $8 48, #3850 THH A 0~ [26]:
Patrick 840K :

D=S ®)
Shannon-Wiener 5% 4
H'=->(RInR) (4)
Pielou ¥ 5] JEF6 5N -
H
=) ©
Simpson &N -
D=1- P’ ©)

R, S HEG—FEFIWFEEG Pio= NN, b Ni RS | NS RALIEFE, NS AR A
ZEAIRHB LA,
235, ERZHMESREZTHEERZENXR

Nt—2 T R R S E G 2 B R R Mo &R, FIH SPSS17.0 X PD. NTI. NRI fi#fh £
FEVEFE BB M0 A, IEAE LAl 3 A 53 A0 56 o0 R BB Ui = 3 20 4 o



3. HREHH
3.1. BRI MEYE R NE

FIF o R ELHEL Phylocom 4.2, XIRFFCXAERM 72 MNER TRV EE TR K, JFFIA Figtree
V143 BAFE G R (K 2). FATE 13 R i Z P AR K 4 TR AR S 235508 38, 15, 14,
13, 11. 15, 9. 9. 10, 8. 9. 28, 13 (¥ 1).

3.2. ENRIREMEYE RS MY

F h R 13 MREHL R R ZREME DL 1, ntaxa AR, PD RIS LS HAUE S BEE h Rt
ARG R BRI EI I o BACEEZ M. 13 ANFEH 1 5 2 A M5 2036 Bl £ 706.894~2289.170, PD A M
KEIMEIR A: S1>S12>53>S6>S2>S4>S5>S13>59>S57>S11>S8>510. Al AHH, Wiz
FIFEHBAN S1. S2. S6 A1 S12, BTN PD {HBECR, 1k # /b ke an S7. S8, S10 #1811, “EAITH
PD fE A/

3.3. BRI ENEEE RGN

TEBA HRE LY 13 MFEHL A, FA7EAR R RS (L 2. 4% 3). FEHL S1. S9. S12 Al S13 H,
R 1A] P 3L B MPD 73 i) & 256.7111. 244.7538. 262.9594. 264.491 [ Ji4E, il fhla] P10tk E =g
MNTD 43 % /2 80.4883. 99.196. 90.8059. 92.5331 i Ji4E, MPD 5 MNTD /T BEALIL 5 H 28 At LA
) E T ik R PR, BVt RO 405 258 (net relatedness index, NRI)AI T fh 7] 57 2k 5% £ 458 $ (nearest
taxon index, NTI) > 0, HUtf3H, FEH S1. S9. S12 #1813, BEKIE R N BERR, Wk mA
RAERESE . AT, NRIFEES NTI fa8s RIEGUR—3, TR HERE L R REL
K

3.4. BT INEYIR ThRE S R4

B 7 AN ThREZ AR EU T A ST A, DhRe 2 REVE R TS S R B ARl B 5 1 D REAFAE A K
H# 4 AT%0, FADL fa#2A(bya Ny 1.11~6.50; FDp FE¥UMAELTEH Ny 3.391~16.370; FDc fH%1I42
HIE N 3.687~17.166, [k 3 ANHRHEUE S KAE AN B /IME 73 T SR S1 FEEH S2. FRic fa%r) e
VG 2y 0.080~2.557, d5 KAE AR /IMA 73 A0 SR H S10 FIFE L S13. FEve 48EAZ AT H Ny
0.057~0.740, KA/ ME > HIXTSFEH S4 e S2. Rao FEEIAR LGy 0.813~3.494, HK(A
Hlse /MBS HIRT REAE I S13 A S2. FDis e E AL y 0.504~1.640, e K AE ARz /IME 73 51 %) 5
FEHL S4 FIkEHL S2.

LR SRR B LUK PR AE R, REHD S2 IIThREE B RAC, R S1 MThREF B A,
FEth S2 FIThREI SI B S fik, FEth S4 FIThREI I e, BT Rao BITHFEAXRKIET, HAEBK U
BURERR/IN, UEBIREHD S2 (T fE B BRI AT BB EOK
3.5. EIMPHEMEIERSHMSAEEHMEERZENXER

I AR OHE TR RN, B R ZAEME(PD) 51 RR LR RIBE(NRI)ZIFITE 0.05 7KF b & B2 IEAH G
(r =0.564, p = 0.045), i R Z 111 (PD) 5 il M A) 52 4 56 RIEEL(NTI) Z IR £E 0.05 /K~F b 8 18 2 UM OG(r =
—0.656, p = 0.015), 1% & ZFEIE(PD) 54050 F & B (Patrick) Z [AI7E 0.01 7K~ | 2 8.2 IEAHG(r = 0.982, p =
0.000), ik ALK ATRH(NRI) SFI 5 [ (Patrick) < [FI7E 0.05 7K1 b2 8 A1 (r = 0.630, p =
0.021), HApFaE [A1¥T6 R E KK AR (p > 0.05).
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Figure 2. Summary of the phylogenetic tree assembled for the plant at the wetland of middle Yellow River

2. EA R HIEYIE ARE

Table 1. The phylogenetic diversity of the plant in the wetland of middle Yellow River
=1 BRHLEH AL R A

Sample plot Ntaxa PD
S1 38 2289.170
S2 15 1091.737
S3 14 1256.528
S4 13 1078.085
S5 11 1064.369
S6 15 1132.213
S7 9 834.023
S8 9 733.092
S9 10 855.464
S10 8 706.894
S11 9 826.147
S12 28 1916.922
S13 13 1004.153

Ve SLe VAT VRSN S2: VATV T SRV ()R ; S3: VETHETHUNAT 2 SHL; S4: VIELTIMAE 7 S S5: AIEETIIEAMERG; S6:
VAT Y] 9 5 HL; S7: JAIEETI UM 14 5301, S8: J[TTYNA 25 Sl S9: WPEM; S10: JiZREPUEEs T TREVM; S11. JiRE HE
EATPEM; S12: YR A, S13: BHE S TR M. FE.
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Table 2. Mean phylogenetic distance (MPD), random phylogenetic distance (MPDangsampie), Standard deviation of the
MPDangsample (8d.MPDiangsample) @nd the net relatedness index (NRI) of the plant in the wetland of middle Yellow River

2. EHPEMAEYFE TR IR IS RERS. BILERESERENFERFEXRIEY

Sample plot MPD MPD.rnd MPD.sd NRI
S1 256.7111 266.2562 7.4837 1.2754
S2 274.4647 266.3036 15.7406 -0.5185
S3 265.2552 267.1905 16.6426 0.1163
S4 276.0204 265.9164 18.0562 -0.5596
S5 287.9835 266.7764 20.3128 -1.044
S6 270.4194 266.5124 15.7697 -0.2478
S7 281.9979 266.3708 24.3792 -0.6410
S8 266.6970 266.6897 23.8757 -0.0003
S9 2447538 266.6399 21.6621 1.0103

S10 270.9844 265.9624 25.2823 -0.1986
S11 280.6851 266.9697 22,9722 -0.5970
S12 262.9594 266.8500 9.6457 0.4033
S13 264.4910 266.7221 17.7761 0.1255

VE: AP RERER . BEALEE REEE . BEHLRE R B R R 2 ) AL N AR

Table 3. Mean nearest phylogenetic taxon distance (MNTD), random nearest phylogenetic taxon distance (MNTD angsampte)
standard deviation of the MNT D angsampte (S0.MNTDyangsampie) and the nearest taxon index (NTI) of the plant in the wetland of
middle Yellow River

2 3. mAREEMEYRIEMETHEKES. BIMERIIDERES. MIMERILERESMEREMRILM
[BlREX RieH

Sample plot MNTD MNTD.rnd MNTD.sd NTI
S1 80.4883 83.5968 7.7898 0.399
S2 91.956 116.4997 19.2826 1.2728
S3 120.2386 118.9454 20.0553 -0.0645
S4 108.1331 124.078 22.7543 0.7007
S5 126.3905 132.3012 26.0998 0.2265
S6 90.0597 116.3319 19.7216 1.3322
S7 111.4051 143.8008 30.4122 1.0652
S8 87.8753 145.2884 30.2627 1.8972
S9 99.196 139.1492 27.4834 1.4537

S10 93.5483 153.5007 33.1387 1.8091
S11 109.6547 143.6556 31.3459 1.0847
S12 90.8059 92.7586 11.0631 0.1765
S13 92.5331 124.9262 21.873 1.481

VE: RIS E A RE R BEAURN RO T R B AL ) 550 o AR B SRR OR 22 1) B AL N T4
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Table 4. Functional diversity index of 13 sample plots in the wetland of middle Yellow River

4 BMHPEM 13 MEMITIRE S MR E

Sample plot FAD1 FDp FDc FRic FEve Rao FDis
S1 6.50 16.370 17.166 0.433 0.633 3.253 1.627
S2 111 3.301 3.687 1.567 0.057 0.813 0.504
S3 4.60 14.333 13.828 1.448 0.633 2.456 1.253
S4 4.83 14.175 14.543 0.842 0.740 3.288 1.640
S5 4.00 11.830 11.567 2.005 0.537 2.440 1.283
S6 4.86 14.284 13.607 1.856 0.573 3.323 1.533
S7 411 10.821 10.499 1.388 0.609 2.453 1.341
S8 5.33 13.497 13.253 1.071 0.487 2.460 1.457
S9 4.20 10.956 11.032 0.976 0.576 2.686 1.484
S10 5.60 13.804 12.986 0.080 0.632 2414 1.410
S11 4.13 11.918 11.806 1.936 0.593 3.273 1.635
S12 4.02 11.516 10.541 1.908 0.498 2.724 1.346
S13 3.25 10.602 10.175 2.557 0.449 3.494 1.633

B R HUAE IR 2 FEE A0SR 5, B T S R 2R SR R 2 R ECZ (R DR R (52 6) AT A,
Yikh = & FE RS Patrick 514+ 2 554006 R TG EU(NRI) 2 1] (M S M i 5 R? ik 0.985, 1t A # ] it
TR A ESAARTE . —F Z 8 FRARILA BRBOA 21 G R (y = 49.656x + 362.202), HApTa4k
Z B AR MR 5 (R? < 0.7)

4. R 5T

AT IR VE & SR N I FOE M BE AL SR R, RIUNE RIOEE; MR, %%
HEFAEH 2 B0 E NDFSRG S REUE, RIUVIE RIVKE31]. ARF5TH, #i S1. S9. S12 1 S13
(R 2 A RAE RS, BT LMRE R DRSS IR v 3 5 MR Y (9 NRI 5 NTIHEIE
A=, XFEIL SRS R E R A OC, BE T RIMESs MM R &, e RBIAES ARG
RE T F%[32].

TR IO 2 2 BT FUREE . FREER T A A ZVE S s A4 i) o BEOT S0 RBE IR Ak, VR TRERTE
JEWMBE 2 R A R33N B, A E R SRR b, SE g AR 2 [34]. X B
TLAE I R RA IR LS R, /NS RBE B DA FERI AR F, W RGN R 25 (R
FK, BEHIZIRNARTS, 1RGN A N REE[35]. S FNLAEY SR A R EoR, W SRR
PHRE 350 P R 98 785 ol 52 o 00 4 S 3 s M A& (103 R A5 W [36] 0 g LSS 1Lt B VR AS AR I TR 2 o i
REHTBUARHFR R I R & T Bk X N i R E[37]. ARRGTFHIT A FHREE 5AE
PR TS 5 2 0 e 5 e REL D AR 1 2R 45 449 [38] [39] [40].

AT Ti NS 3R 2 RV T e 2 BEVE A4 FE SR FE S R i U I Z R, i T % 2
FEVEFRBC R G, RIThRE 2 FEME S & 2 REMEAR B R R ARG R . HIRBRE T AT E X
B ARRE, % B FTRMEFAES SR AR F . JEHE Y2 52 2R R 1K 305 I3 4R,
M FE R R B RS R 2 AR SRR N — A, SRR, EF A H T
BN REN G, 3t D8R s T R s YRR A AL
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Table 5. Species diversity index of the plant in the wetland of middle Yellow River

= 5. BRI BT S A

Sample plot Patrick Shannon-Wiener Pielou Simpson
S1 41 0.365 0.229 0.06
S2 16 0.22 0.219 0.118
S3 16 0.37 0.212 0.066
S4 14 0.384 0.215 0.062
S5 11 0.286 0.214 0.093
S6 16 0.459 0.223 0.044
S7 10 031 0.227 0.08
S8 9 0.359 0.22 0.07
S9 11 0.315 0.218 0.078

S10 8 0.365 0.195 0.072
S11 10 0.303 0.224 0.086
S12 28 0.295 0.226 0.084
S13 13 0.255 0.22 0.103

Table 6. The regression of phylogenetic diversity index and species diversity index

6. FHINEHEYIE RS SER SRR ENEYAHIE

[R5 MR WA R?
NRI y = 270.177x2 + 313.456x + 1046.924 0.394
PD NTI y = 1570.761e 3% 0.519
Patrick y = 49.656x + 362.202 0.985
Patrick NRI y = 5.717x° + 3.825x° + 1.702x + 13.610 0.506
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