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STUDIES ON KERNEL DENSITY ESTIMATION OF SPECIES
ABUNDANCE DISTRIBUTION IN TWO COMMUNITIES
OF RARE AND ENDANGERED PLANTS
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Abstract: The kernel density estimation method of species abundance distribution was used
to simulate the species abundance distribution of two communities which were dominated
respectively by rare species Tsoongiodendron odorum Chun and by vulnerable species Tsuga
longibracteata Cheng. The results show that the species abundance distribution in tree and
shrub layers and all woody plants of the two forests all can well be described by using
nonparametric kernel method based on the sample data without assuming the species
abundance distribution. The nonparametric kernel density estimation is suggested to be a
useful method for species abundance distribution simulation. '
Key words: Nonparametric kernel density estimation; Species abundance distribution; Rare
and endangered plant; Tsoongiodendron odorum community; Tsuga longibracteata
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FEEYEREER R, BRYF 2 RS B, AT — e ] A 4 b 2 BE 4 A LAY B 5
%, TREMEMERNTERLSYHESENSFED SELHHEEREAAKRBETHEEORE
WA EKT WEE, B, REOUHESEETETXAEENSARARMEE A
B, EASFERTEMENAEGXESFEREL FROAHEEE 4 2P Whittaker
B89 JLAT4 7. MacArthur 32 IO BTAR S 5. Fisher % 42 h 8 %f #5375 A Preston # i 8 xF
BESS; BEGRHAFA Weibull 2B RYFHEEN A, FEBEEGRRY. FX2H
Bl VA B R B BT R A B AR S B ST 8 ARE (O™, DRl AXHERELEYFZ
EATHESEEEEGITTE. FSEEEEP YIRUKBENER, AREAHTENS
W, E—ERMENT, RIFREERAs, BERF B, RED, BRHERE. A=A
BLERARER, FEXERN—RESBREEMGTEAHR, I BT G A K B
PR REGCEYREYHEEABREARR, DRREBHEENMAEARKE&IZH
HERIFEHETRE, STEIBHRBLHEYHEINH. RPLHRBELCHYEABEEYS
BHERFEERNX.
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1.1 MEKRIHE

WA ( Tsoongiodendron odorum Chun) RALHEMBESTAR SHATHERE. =8 B
MR, TCTE. MR, LTS, MEdhEAs. WRAKES AR, EAERLM, A ¥
R, ERBEAAKEREY K WEARERN B R (Castanopsis) . -9
(Cinnamomum) . K% T J& (Litsea) . KZFL& (Sycopsis) . B E & (Sloanea) 2 BERM R T4
R HFETHREEH, EBRFERL.

FAMAREPR AT RS CHRAETEN, AR LML 2 E, BPu4 27°03,
7K 118°09°, BN 189 hm?, ZRBIERFEREEEK, FTHKR 18.7C, H#¥EE >10TC
TG SIBUR Y 5899.4 C , FHEM 75 d, EHMIKE 1673.3 mm, £FEMWE L 81%. 1R
W GRAN AT RE LSRR EBEE D RE PERE, hREERMER LB ELD
8, +BF R, pH 5.0 %4, WAEABENE T AL GES I, SAEERLY 4 hm?,
%38 380 — 450 m, FHALWA . WS, KRKHEIF, WARBETZEE2-3 cm.

1.2 KEBHRIEEHE

K 8H (Tsuga longibracteata Cheng) BAFHIZIR, BUETREMFM. BdE. 7K. |
FmRERSH, HeUELBAREUKLRAEESFAR. Bl lbmE, SmT
KB, CREHERRANAEAEL; BEMTRMESLAAT KL, ERFIRER
ATERRAZ. ER. BRASLSH. EERRAXEE ARG RATA —FREFHL
KA VRN KBRS RRA, ERA T2 m’EL, EREENELEHRTR.
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REH BREP RO TS 25°55'—25°58", HRE&117°31'—11733.5', HEFY 1845.2 hm?, #
Bz, ZRBIERFEERNSE, FFHKE 15T, £24E>10 C fIEsIFUERAE 4520-5800TC,
FEXREKER 2032.9 mm, EMNEE 80%. TEHEESMARBZEIK 800 m ML T HOEK,
800— 1350 m B4, 1350 m KL ERHEE., KESLEHBBIAS AEXEE R, BR
1300—1500 m, AR FHECEAD, H512 1350 m PA b EA EFEFFEHRS, HEEHEmFhhE
&. #2J8 (Cunninghamia) . & X & ( Cyclobalanopsis). A#iJ& (Schima). &8 (Michelia)% # Fh
HEg.

2 BEESHITE

2.1 HERZE
1993 £ 12 A E A B KRR KR A EILAEEAEREARBET ABZRH AR RHE, 1
7. WEFER, RAS mX10 m BTERAERAERBENEAMGEHHFHEL RERE
B, AL ESHIE. IERERBNFAR 22 MEYERRXERER/PMIFANTE L.
£1 BAABRETAEHEDHRER

Table 1 Importance values of tree species in Tsoongiodendron odorum community investigated in Dec. 1993

SR X E (%) XA (%) M BEE (%) HEME
Species Relative density Relative frequency Relative dominance Importance value
WMIA Tsoongiodendron odorum 11.67 12.07 31.45 55.19
QKL Sycopsis dunnii 15.00 15.52 2.98 33.50
hLE#  Castanopsis lamontii 5.00 5.17 20.36 30.53
WIKHE Sloanea sinensis 10.00 10.34 2.83 23.17
HIAAFETF Litsea subcoriacea 8.33 8.62 537 22.32
EFPF Meliosma rigida 833 8.62 3.26 20.21
¥ B Randia cochinchinensis 6.67 6.90 1.41 14.98
B&H llex rotunda 6.67 6.90 1.41 14,98
HEBEY% Michelia fujianensis 1.67 1.72 6.88 10.27
AP Schima superba 3.33 3.45 3.30 10.08
W& Liquidambar formosana 1.67 1.72 6.27 9.66
ok LB Symplocos anomala 333 3.45 1.69 8.47
LI M Styrax suberifolia 333 3.45 1.23 8.01
Hi{LEE Cinnamomum chekiangense  1.67 1.72 3.71 7.10
A M-3IT  Engelhardtia fenzelii 1.67 1.72 1.85 5.24
WRIP  Symplocos fukienensis 1.67 1.72 1.51 4.90
¥¥ Elaeocarpus decipiens 1.67 1.72 1.06 4.45
BWER Michelia maudiae 1.67 1.72 1.01 4.40
BB®E Ternstroemia gymnanthera 1.67 1.72 0.81 420
[ Phoebe bournei 1.67 1.72 0.74 4.13
@IZENEH  Machilus pauhoi 1.67 1.72 0.66 4.05
X% Castanopsis carlesii 1.67 1.72 0.22 3.61

1998 4 10 AEXREH BRARPENEBSGEHEL R FEAAREHBRRE 6 820 mX30 m
e, B—FEHRIS R 24 N5 mX5 m M/MER, RES —/MEFFTABRHHE BE REF
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bR B—RBABEALRE 6N 1 mXx1 m/MEFREREREHENEARMGELL WA
BEREE. SEHER. HEBETARRYMELEREAMUFIIT R 2.
£2 KEGURETAREMNERE

Table 2 Importance values of tree species in Tsuga longibracteata community investigated in Oct. 1998

b A (%) HR X BHBE (%) Hxt BEE (%) HEME
Species Relative density Relative frequency Relative dominance Importance value
KA %Y Tsuga longibracteata 44,00 23.80 84.18 151.98
4% Castanopsis eyrei 17.12 . 9.10 3.52 29.74
A& Cunninghamia lanceolata 5.31 12.03 2.24 19.58
KB Schima superba 4.42 7.49 2.54 14.45
BWILESE Michelia maudiae 2.66 9.09 0.71 12.46
¥ X Elaeocarpus japonicus 2.65 7.50 0.84 10.99
/%R Cyclobalanopsis myrsinaefolia  2.66 5.86 1.14 9.66
&% llex purpurea 2.66 5.88 0.52 9.06
E4r Phyllostachys pubescens 5.31 147 135 8.13
BB Prunus fokienensis 0.88 4.54 0.26 5.68
B Pinus taiwanensis 2.65 147 0.19 4.31
VLE ek Sorbus hemsleyi 0.88 2.95 0.13 3.96
BBR® Choerospondias axillaris 0.88 147 1.25 3.60
AT Lithocarpus polystachyus 1.76 1.47 0.31 3.54
WA Cryptomeria fortunei 1.76 1.47 0.31 3.54
AR Sassafras tsumu 1.76 1.47 0.20 3.43
$#%& Liquidambar formosana 1.76 1.47 0.11 3.34
BB Castanopsis fabri 0.88 1.47 0.20 2.55

22 FSEBEEMGITET
B’ X, Xy, Xp BEERE RN f(x) K SRHREA.

£ = o TR M)
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FEEREEEYRE A RTRT B HRR, W B NR S TR A
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B BEHOERIABE DA S ESHAAIES. CEARE: [0 20, [H(») =1
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wom ke -{" M By —Fx=h)
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BUL() ~A0T= 221 + 2 [P +0 (o +h)
Hb E R ME; OXRAARFH. Bk, MRE =" WSHa, k HRMAEFEN:

a=02, k=| U(ggglz ]is
BHE Kx) HRmT &4
I sup K(x) SM<®, lim_[xK(x) =0

2. K(x) =K(—x), x€R, {x’K(x)dx=A4<®©

3. K(x) WFFIEE R o (x) LT,
AF: M ABRPBEKRME; A FREEPAR R A R 8 E—FEEUE.

WELZEH1-3MKX)BFHT:

<

K,(x) ={:)/2 :;c:ji Ky(x) =exp(—x%/2)[/2n Ky(x) ={(1)/\/E Ilill>://—§
— B h, W R: h, > 0(@.s.), (nh,)/logn)] = ©o(a.s.), XMEHEIE f,(x) HKER K KT
f(x)(@.s.). h, WHER, BREMITHEXBAE, THEEZRIBEMGITHE., BEdXE8K
%, ATMUNEE AN REES ISR RKENRBEENER, BEHERAER, R
REEXPMBMEED, BR LK) AEZER, BARAAE, ZRIEHNEBEER
. FXRALESH ERARS MR BRI T %RHER

3 X
K(x)={4ﬁ (=5 M<Ys 3)
0 Ix|>/5
3 HRELH

WA R A TR Y BEE W R 2 JE S0 A5 B R A THIBLE AR« 2 B/ BB SR, A
(3) RABEE. HTHYREELHT LT EMATRTRE, HENSUENYRE FEETH
H, AREREHZEYHESEVRELATE. XBEWLARELSHAAWMESRARN 2, EX
B 1, ARAEYHR |, MKEKEESHARERARR 3, EABR 4, FEALHEY
K4, REELRMEEMO.S, UMSHBERARAT, 25 AKEEMTHUEHHRETA
B, BABRURFAERKEYYMHEZESA. BTHERTNMISER, RAMREIREX - X
IRERAGREHTHR, WY EREEZEROERRE, THELETHEEF, RANMASEE
R KRR n, REHEZMEFERBARF, ¥ F,5F #THE, UA=|F,-F| RBRERL
AHEELFAHHERBE, REMES—BK: D,=MaxA=Max|F,—F,|, B&EWH D, KIEH
18, @RI RS A BBV A1 BB ] 2 B RAL I LA 5010 AR, R
FIREMNGERREEN (K3, RYRERREFAMAREDHESEIN.

ATHER LREAREEGTORAER, 26T UHEE - RHER B, BhBESE
BARE B /MBS X=(x), x5y X3,77X,), AL REE LH: Sy(x) =x FATHET x,
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EEEMRE LGB AT R (E 1,2), LRIIMARSERRITFERMAERD, HAREEMS
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Table 3 Simulation results of species abundance distribution with kernel density estimation

Fhak WA B KBS HEY
Species Tsoongiodendron odorum community Tsuga longibracteata community
Dn‘ DO.OS %% Results Dn. DO.OS %% Results
FARE In tree layer 0.0205  0.2809 7 M Satisfactory 0.0425  0.3094 A Satisfactory
%K 2 In shrub layer 0.0642  0.2308 A8 Satisfactory 0.0423  0.1850 HA8Satisfactory

A AAHEY All woody species 0.0594  0.2076 #E f8Satisfactory 0.0259  0.1670 P48 Satisfactory

*D,=Max|F,~F,|
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B 10 , B 1or
08r 08
06} 0.6 -
04+ C 0.4 : C
0zr 0.(2) i A 1 1 1 )
T 2 3 45678 09101112131415 1 2 3 4 3 6
L HEHR Abundance grade ZEH Abundance grade
B WA  Y R B S A AT 192 K AL BB 1 R B AT A p AT
Fig. 1 Kernel density estimation of species abundance Fig. 2 Kernel density estimation of species abundance
distribution in Tsoongiodendron odorum community distribution in Tsuga longibracteata community

A: FiAJE Tree layer; B: AR Shrub layer; C: BiAAZKIHEY All woody species
—o— EFRSHAE Actual frequency; —m— EiCH A& Theoretical frequency
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BRAGHYUAEAMKBECERR S HER G RRELHF —EHNMEEL HHT
BREHEARE, HHUEEHE/D, RAKXMERASESES, ASEFNERXR -LM=
FEPREYOD, AXAESEREEHITTENXBHERBEEMHEETAR. AR, B
HAEMYYFHEEM PR EY, AREERHESERNDHEEHARER, TEAT
AR, AREBE. FRBERRNYMREESBRRBERE, AMUEMTHEYBREDFHS
EAHHATFE, MELARAARKEEEERBEIERRPRE-LTEENHTFEE. P
P BT — R R I BB < B B BB WAy Ak, FXURERE
WYL RS IE SRR EE AT R REI B EER.

SRR EEMGT T EREREYHIARHRLRE, AETEEEHO YL ES
HOR B AR R R ES AR EERNATRE, HBEANERAR, FARE
MERERBRTHE—SEN M. HERFBHEHEDRHSESH, ENEYHEEIHGHRY
—MAERTE, BESEEEMTERESHZARELXREAFE-SER.

B XLk :

1] MAYE. FTEMRCEE—BAEREEY (B0 M) dux: B, 1992, 454.

21 #H&E. HYBFEEE M BKRE: FRitkRsbgE, 1993, 222-233.

B] REA¥, 4. UHEESRESHIFERG—MBEH R U] RASIREYFER, 1998, 4(4):409—413.

[4] Ganis P. La Diversity Specifics Nella Community Ecologiche: Concetti Metodie Peogrammi di Calcolo [M]. Triesta:
Geadeq, 1911, 56-78.

[5] Whittaker R H. Vegetation of the Great Smoky Mountains [J]. Ecol Monogr, 1956, 26:1—80.

[6] Whittaker R H. Dominance and diversity in land plant communities [J]. Science, 1965, 147:250—260.

{7] Whittaker R H. Evolution and measurement of species diversity [J]. Taxon, 1972, 21:213-351.

[8] Magurran A E. Ecological Diversity and its Measurement {[M]. Sydney: Croom Helm, 1988, 1-79.

91 May R M. Pattern of species abundance and diversity [A]. In: Cody M L, Diamond J M. Ecology and Evolution
of Communities [M]. Cambridge: Harvard Univ. Press, 1975, 81—120.

[10] SRA&AP, B, WAKRBEWFEELHFH Weibull BRI [J). WEAFRFER, 1997, 17(1):20-24.

(1] FRBEE, NE, ShEE, . FBEAAKEEAREFHERR ] HEAFERER, 1995, 151):22-27.

(12] REM, B, 24K, £ BRECHDKEEEZNAAERE Il MORESHHEFM, 2000, 9(1):31-34.

(13] ET#, FEFE. EREHEMTHETESETERS RN LRSS D] ALBHEP%, 1996, 9(5):469 —474.

4] AR, Fk#F, ZEZK, %. ESRMEPE M) dG0 BEdRe, 1989

[15] g, TEE. EEEGEHTRACARMGTIOFNEA U] LFMbAEFEd, 1996, 18(2):67-72.



