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Detecting density dependence on tree survival in a deciduous broad-
leaved forest in Baotianman National Nature Reserve
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Abstract: It has been found that density dependence plays a crucial role in determination of species distribu-
tion and coexistence, and the effect of negative density dependence also plays an important part among phy-
logenetically related species. Based on two census datasets in 2009 and 2014 of the 1-ha deciduous broad-
leaved forest plot in Baotianman National Nature Reserve, generalized linear mixed models (GLMMs) were
used to examine the density dependence on individual survival of the top 11 species (with high important
value) at different neighborhood scales and different DBH sizes (1 cm << DBH<C 5cm, 5 cm < DBH <
10 cm, DBH = 10 cm). The results showed that (1) mean annual mortality and recruitment rate of indi-
viduals (DBH = 1 cm) were 5.85% and 0.27%, respectively; (2) survival rate of 5 tree species was nega-
tively correlated with abundance or neighbor conspecific basal area; (3) density dependence and phylogenetic
diversity exerted significant effects on survival of small individuals (at 5 m neighborhood scale), whereas no
significant influence on medium trees. With increasing tree size, phylogenetic diversity exerted important ef-
fect on large individuals at 7.5 m and 10 m neighborhood scales. In conclusion, density dependence and phy-
logenetic diversity play different roles on tree survival at different life stages and neighborhood scales in the
deciduous broad-leaved forest in Baotianman National Nature Reserve.
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P A TR B0 T 0 B 38T A2 5 T AR AR B U S5 R B S
AFAY f B B K] K (Lewis et al, 2004). AW RN, §
BPR #1l (Hubbell, 2001) A3 (Harms et al, 2001;
John et al, 2007). F&4*(Tilman, 1994). #FFh+4L
(White & Pickett, 1985)%5 X} #x ARFETE A 1) B
B BT BN IEHEEREA —E . R
Bl 25 AR AT ff B ) o e A7 R A ) 22 5 1 4 R L A
% X #(Kembel & Hubbell, 2006), A F45h )3t
AT AL A2 B V& A2 25 25 9T 70 1) B 22 ) 51 2 — (Bagchi
et al, 2014). K TWYFLAFH — D EZEZH L Z
Janzen-Connellffg Ui, 1ZAB Ui I\ A [A) i e 244 R
BT, A T R R P [E M S AR R 2k
T, TRl P 5 A5 ) Fofr 40 7 22 B HE TR 1 B
RAAFIE AR, I -F SR Bl AR (8] AR K, fH45A0
B AR B R R SRR R ECAS 8] 0 AR () A7 0
F 3L (Connell, 1970; Janzen,1970), HEifi{ie L4 Fh
HAPIR =P 2

Hubbell (1980)18 i #4578 A I, /> FhLE
ANRE A5 BER 2 R A, BASRE FH 2 B 1) 20 i e
P MO 2 ELE = P 2R . AR TR
H, TEGIE RGN B, 5% R S e W T AR K2
B F) P AR AE I WE R [ (K (Peters, 2003; Pigot &
Leather, 2008), [F]F% B il £ %00 5] A2 BB T A BE
SEYERERAMBEVE D P 2 FEPE I — DN E L HI(He &
Duncan, 2000; Peters, 2003). Harms2%(2000) 3
ARAE B T MR 2401 SRR B, 2R
PR PR = T AR PR Z RV . TES)TE KSR
BB, AT 5 ) £ 2008 B8 A AT RE A ) B
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T2 & A (Bagchi et al, 2010), BLA 5T K2 S R
JEAA S A A B ) 240 3 2 AR 1 I (Liu et al,
2012; Bagchi et al, 2014). fUEAIEY) 2 [BIAF1E 27
AW A AKX R, HAAEY Y #EE 2 LR,
FLHE O RE T RPE B8 1) 2 4% J5 (Matos et al, 1999).
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F2 P I 29 TR G 2 4 1 B 4% (Gonzalez
et al, 2010; Uriarte et al, 2010). Zhu%§(2015)1I#/# 7%
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ELBEP, M ARBE I A AL R R X, AR
AR EIL89%, A LB RS AR, T R AR
X, B LIRS (Quercus spp.)~ Tkt (Acer spp.)
2. $HEMI(Carpinus spp.)2E LA IMAA (Pinus tabu-
liformis) 1A (Pinus armandii) N £ (5K £ S,
2010), F2& H R Hb T DA B DRAFE B 70 B I AR AROR B
BB ERIX, W2 TR [F 26 B R AR R AR fR
BN TEIFIIHIIX o 1% X 28 R KR UM, DY 2R
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Table 1
and 2014

Summary data of two census in a 1-ha deciduous broad-leaved forest plot in Baotianman National Nature Reserve in 2009

1242% DBH size YR

A FETHET ) B b1

Number of species Number of individuals Number of mortality Number of recruitment

2009 2014 2009 2014 (mortality rate, %)  (recruitment rate, %)
/NMz4; Small DBH size (1 cm < DBH < 5cm) 54 46 1,538 1,091 482 (31.34) 35(2.28)
142%% Medium DBH size (5 cm < DBH <10 cm) 39 35 600 523 197 (32.83) 120 (20.0)
K44 Large DBH size (DBH = 10 cm) 22 24 417 381 68 (16.31) 32 (7.68)
Mt Total (DBH = 1cm) 58 53 2,555 1,995 747 (29.24) 187

R 991.6 mm, FHXFIRIE 68%. 4 A FEA LKA
ARERS S . IRy I HAR R (L S AR A
ALt 3 2%, 4% pH 2 6.5,
1.2 #HRFE
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Fig. 1 Phylogenetic relationship among woody species in a
1-ha deciduous broad-leaved forest plot in Baotianman Na-
tional Nature Reserve
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1) FH e [ A B R IR A AT T R A TR A A
Y (generalized linear mixed models, GLMMs)R A% 1)
HEAEHE A F 1AL 0 B A b AN A 20 38k A (8] b
BRE P L RO R OC RAZ AR A A (T /BE
TORIRZNA o SR FH RIS P Q0044 AN AR K000 169 v B T
FUE B ) [ e 082, PR 38— IO 2 i A2t H
PRARAEIE R S22 (Piao et al, 2013), #WIEZ KA
P AT X B A s AR R R I [ 5 RN, AR
Pt B BRI A7 1 52 A B B B ATL AR, o A
FH 458 35k 5 Bk Fi8 2 (neighborhood relatedness index,
NRI) U5 H AR AR 38 P 3 2 Pl 124 AR A7 1
M (Metz et al, 2010), iZNRIF ) F# R P23 R B
= B PR A A A M S AR B R R
BORAR, THE A B AR MA B S R EE B
SERME bR ZE
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FRBIEE; Xa N THE RGK B IR B EZ .

FEf R ARIBAMA S BRI RS0 B B RT3
FZHF8 % (average phylodiversity, APd)A—1 x NRI.

I T SCER VR A B AL v DA v B A 1 A2 77
JUE:

yi~binomial (p;) (2)

In(—In(1-p;)) = (size; + CON; + HET;; + HET-
BA;; + CONBAj; + NRIj)fixed part T (B)random part  (3)
o, size NEE— R A A4, CONL. CONBA.
HET. HETBA. sizefF W% () il 72 ZON, py#s
KHET7 O 5 A AR LA, . o, Py aiA
WA S8 LR A R A IR S (FF G B 9 1, FET2IE 0),
VB R ZAR T g e AR B S BT A I SR I R AR it
IThREAL

FHAIC (Akaike’s information criterion)XJ 4% 74 3t
TR, BTG FAICE R/, Ui BB A FE
BRLF, G0 AR AICAH 5 e 045 2 1 ATCAELAH 22
INTF2, MR B AN 2= 74N B 3% (Burnham &
Anderson, 2002). ¥ H U4 L (likelihood ratio test)
B BEAL RN AR B2 75 T % o GLMMs YR A R (1)
Imed AL 58 il

2 &R

2.1 BE@HES
2009-20144E 154 (0], FEiADBH = 1 cmff]

PEFH 1298145 Jm 58> 2128 F140 @ 5354, SET-A
WECRTAT, FBGIMERAEECISN(ER D) IME
AP AR AR T B s, 70 48241197, B
T35 31.34%H132.83%, 4 72 264351 242.28%
F120.0%, KAR AN 1R B8 T 2 R0 1S 522649 0l Ny
16.31%A17.68%. S AKE, ARBHMMERIZET R
o T 01, R MR MR S AR T A
BARHIIE R, SRS (8] 7= A B s AT
(29.24%) FNEAC I DA 2(1.37%) . FFEHE Y AS[F] ) F
PIBET A LA, FAE T R R ESH 1 &
¥ A B AH NS 1L (Clerodendrum  tricho-
tomum)~ 2 EkMF(Sorbaria sorbifolia). %1 (Rosa
bella)~ W|E& 2 4 (Lonicera hispida). Ek(Cornus
walteri)F¥H5 AR (Sambucus williamsii) 5651 .

HR A PR 0 R 25 B8 45 2R H 3 AS [F) 47 Fob i 2
FUH(K2). 20094EF A B E(E RT3V = 10)
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Table 2 Importance value (IV) dynamics of top 20 species
between 2009 and 2014 in a 1-ha deciduous broad-leaved forest
plot in Baotianman National Nature Reserve

yfh ETE HEE IV
Species Latin name 2009 2014
sy Quercus aliena 20.46  21.65
IK KAk Sorbus alnifolia 16.69 19.17
=R 7 Lindera obtusiloba 11.26  7.59
R Acer davidii 9.62 10.88
PR Styrax japonicus 4.94 5.72
EEBE Cerasus tomentosa 3.49 3.53
S Forsythia suspensa 2.49 2.75
FiE Symplocos paniculata 242 1.88
Tr Euonymus alatus 242 241
ZRIEARZET  Litsea tsinlingensis 2.38
TCEM Acer truncatum 2.24 2.70
T-4H Carpinus cordata 1.75 2.00
iiyis%ia Philadelphus incanus 1.59 1.35
FEA Meliosma veitchioru 1.52 1.74
WILER Meliosma cuneifolia 1.44 1.59
YY) Maackia hupehensi 1.55
e 3% Viburnum betulifolium 1.32 1.59
PUHETE Dendrobenthamia japonica var. 1.25 1.55
chinensis
LEpy e Tilia japonica 1.06
Hros Styrax hemsleyanus 1.02
LAR=Y Bothrocaryum controversum 0.94
et Tilia oliveri 0.92
Hofh Others 10.12 9.03
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HI B N ER (Quercus  aliena)« 7K KA€K (Sorbus
alnifolia)f =W % Z4(Lindera obtusiloba), . EAH 7>
WI°N20.46. 16.69F111.26; 1M20144F 5 541 {347 )
BEFP MR K AERKFI T VEM (A cer davidii), B3
B3 59782165 19.178110.88. S4E[R], =M% 241)
BRI 2, H11.268%47.59; 1M K ML AR
T PR ) 2 R U TR, 0 0 H 16.69719.623
InE19.178110.88 . A —Le)Fl i1 =E 8942 (Styrax
hemsleyanus)~ +J G W (Bothrocaryum controversum)
MU R (Tilia oliveri) i) B EAE MG AR, 54F 1A AL
DR N B A FT2000 1 B Rl SR, AT L
YiRh RS KBS0 T S SR B RS, 20144F 1 RE
HH I AE B A AT 2062 2 B, IR e K 22T (Litsea
tsinlingensis)~ S W (Maackia hupehensis) 14 - 1
(Tilia japonica).

2.2 WESH

DA iy v 25 B2 AE AR 44 50 1107 1 2 Bl S A A7 %
RSN LR, FHATMETHTGEIR WK K3
T LUE Y, X [ Rl &R AR SR (CON) SR, KT 1E
I AAFIRSTE & D RUE L 5CONIEM R, =
RL5254E7.5 mA110 mRUEZ ES5CONIEASE, B3
Fi(Styrax japonicus)~ EPERK(Cerasus tomentosa)-
T &Mi(Carpinus cordata) Mg K (Meliosma veitchi-
orum) 7} HITET.5 mA10 mE B 5CONFAHIG. Xf
[ b 408 A B 2 T T R (CONBAY T 55, SR FA) M A7
HIREAES mA17.5 mRU¥E E5CONBAIEA K, K
WA B =S 25 . BFoR AT A
(Symplocos paniculata)ft. % R & 5 CONBA i1 £
K, JTCEM(Acer truncatum)fEMEHIEL10 mLJE L
5 CONBAfi A%

PP AR AR B (HET) 70 B B, MR A~ 14
FAEIESTES mAN7.5 mRUZ ESHETIERR, 7KH
FERK TSR = 5 2578 %4> RUE B SHET 1A
I R AT A B v K A (HETBA) M &, AR
AMEAETIR S AE A R B SHETBA 7UH %,
I AEAE &S RUEZ L SHETBAIEAH R, BF KA
7E5 mJ¥ FSHETBAIEA K, RIEAKZETFIES m
7.5 mE FSHETBAIEME, BEARTEL0 m/UE
F5HETBAIEAH.
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Table 3 Result of neighborhood analysis for different scales
with different species in a 1-ha deciduous broad-leaved forest
plot in Baotianman National Nature Reserve

Fh4a 24 A4 B
Species Parameter Neighbourhood distance
Sm 7.5m 10 m
i iR CON 0 0 0
Quercus aliena HET + + 0
CONBA +++ + 0
HETBA - - i
TKMIAERK CON +++ +++ +H+
Sorbus alnifolia HET _ o o
CONBA - ——— —
HETBA +++ +++ +++
EVENR CON 0 0 0
Acer davidii HET 0 0 0
CONBA - - i
HETBA 0 0 0
=NE % CON 0 + ++
Lindera obtusiloba HET _ — —
CONBA —— —— ——
HETBA 0 0 0
B IR CON - - -
Styrax japonicus  HET 0 0
CONBA - — _
HETBA + 0 0
T CON 0 0 0
Acer truncatum HET —— - ——
CONBA 0 - ——
HETBA 0 0 0
Bk CON - -- -
Cerasus tomentosa HET 0 0 0
CONBA 0 0 -
HETBA 0 0 0
HiE CON 0 0 0
Symplocos pani-  HET 0 0 0
culata CONBA _ L L
HETBA 0 0 0
RIEKZET CON 0 0 0
Litsea tsinlingensis HET 0 0 0
CONBA 0 0 0
HETBA ++ + 0
T-&Ha CON 0 - -
Carpinus cordata  HET 0 0 0
CONBA 0 0 0
HETBA 0 0 0
BEA CON - - ——
Meliosma veitchi- HET 0 0 0
orum CONBA 0 0 0
HETBA 0 0 +

CON. CONBA. HET. HETBAZ} |3 7R FIFhARAANMAH . [FF04R
e T TR L S A &0 A A BORD S R &S R T A . 0FRORTE
BFEMRNE, +. ++. D HIRIRAEP < 0.05. P<0.01. P <0.001
AP R IR, - —— - HIFRIRAEP <0.05. P<0.01, P<
0.0017K~F b K

CON, CONBA, HET and HETBA indicate conspecific number, con-
specific basal area, heterospecific number and heterospecific basal area,
respecitively. 0 indicates non-significant relationships between survival
and these variables. +, ++, +++ indicate significant positive correlations at
P <0.05, P<0.01, P <0.001, respectively. —, — —, — — — indicate negative
similar correlations at P < 0.05, P <0.01, P <0.001 level, respectively.
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R FET T TR NBENLAN,; (2)38 HAE
PR, 7RIS AR B Ak b, A B A AE A [
SE RN o I LR R B I ALCAE, 0738 H AN [
REETFARZRM R (KL . K4 LLE
t, ANMEHAELE3 N R ER AR S A |
VEFIAERS, rRAR R K AR AR 3AN R 5%
ALY R R FEAREAY
TEAFRE N AFAREWARLEEAZE T
5] Ah AN A5 BE M (2) . 765 mREE R /MR A
A 57 B P [F) P 67085 R o) 20 0 PR s e A e 3, B
FEERIHE N, S8R R sema FEAS, 7£7.5 mA110 mR
FE R R AR 9 52 31 [5) b 4% B o) 249 280 5% i (B
2-CON). [ i v B 1o AR ZE A [) RUBE % /MR 2 (1
3A1-3)F1 K AR (E3C1-3) Mk (A7 35 #5322 I H 471
BN, SRR AR B LEAS [ RUBE X INMR AR (1) A7
TE RPN IR, X AR g R AR A
FIAEIE R B AR HEE T, KA AT I B 52
7£7.5 mA10 mRBEE FIA 2] B3 (E2-HET). HFhfi
R W FAES mIRBE X /IME RN BTG R IR
Wz 82 25 (0 IE RN (BI3AT), X422 (K3B1-3) Al K
B (EIBCI-3) MAAFTE LI — & i SR8, (B
K= HARE, 5 mRE N MR MRAEEZ
B2 0 FR B0 AR5 B2 1) T 2850 S 1k 381 B 2 3,

F4 FRIRETARI X&MRESEE(GLMMs)HIAICE

KEBEFZMELET.S mA10 mifRE EZRg xR
T AR B ) R LG5 2 2 (B 2-NRT)
3 Tig
3.1 EHEHEES

AT 5K ZIE M TE AR hatof P R 2 11
s AT, RISHERFEHFDBH =1 emff/MA4E
BIBET- 3 N5.85%, 8 51%N0.27%. 520094 i &
HARARLE, 20144 Rt R RIS R Z T BN, %
R3NP RAE R R FEHL EEE T
F2007 2 f5 . AHICHIE ERE LA A 45 R, 28
FEHLER S — & FIAMASET: % . tBCIFE b HDBH > 1
em [ AMARTE 19821995 4F [H] [ AE S A0 T2 F N2.64%,
AR N2.87%, K 4 I Pasoh £ i 7F 1986-1996
S TH) PR AR 28 B0 T2 R ON 1.46%, #h R N 1.65%
(Condit et al, 1999), i H 1 F£#12002-20074 (7] [
FEVIFETH N2.02%, R EN6.65% (FERIESE,
2011), LB [ e BRI ST AR Y, ERE2
FEHBANMA(DBH >1 em) )5 30T 26(5.85%) % M,
T 524 3(0.27%) 8% .

5L R3S, 51 E K 2R
HE T 2R ARG AN 02 2R 1 — A 0] B S (R 2 B b Py %
PEABET L E IR AR TR WFAME K ESE

Table 4 AIC values of different GLMMs (generalized linear mixed models) at three scales (r) in a 1-ha deciduous broad-leaved

forest plot in Baotianman National Nature Reserve

BRI Model type

AB{AEEE Neighbourhood distance

Sm 7.5m 10 m
/N Small # Me- K Large /) Small H' Me- K Large /M Small "' Medium X Large
dium dium

FEAAER  d+nth+(sp+208)andom 1,484.06 355.5304 380.3177 1,483.798 355.0877 372.4036 1,484.64 359.2236  373.3339
E’:)S(;zl d+c+b+(spt208)random 1,480.921 355.6752 378.72 1,482.687 3553472 371.565 1,479.719  355.676 371.266
d+n+h+c+b+(sp+208)random 1,483.84 359.2017 381.6294 1,485.789  358.0195 370.1479 1,483.541 357.485 369.087
d+nt+h+ctb+i+(sp+208)andom  1,485.83  356.6697  379.306 1,487.509  356.979 372.125 1,485.34 357.0264  370.084

ZHAERH  d*(nt+h) +(sp+208)mandom 1,484.249 359.3985 382.5019 1,485.738  358.9014 374.9681 1,486.79 358.066 375.3167
A - d*(nth+i) +(sp1208)candom 1,488.12 359.3586 384.9341 1,489.323  362.611 378.8982 1,489.957 361.7479  378.8444
::gg;cnon d*(ctb) +(sp+208)random 1,475.82 358.6642 378.6484 1,479.193  357.8086 375.5305 1,481.48 359.2018  374.0463
d*(ctb+i) H(sp+208)random 1,479.6  358.9814 380.8261 1,473.86 361.5722  379.2916 1,481.13 363.1487  377.7625
d*(nth+c+b) +(spt208)random  1,480.32  366.2005 383.7345 1,475.386  365.396 377.4086 1,479.243  375.7429  375.7429
d*(n+thtctb+i) +(sp+208)ndom 1,474.3  366.2815 386.4617 1,474.083  369.1937 381.3527 1,480.58 368.7947  379.6699

c: CONBA, [FFEMAINE T HIA, b: HETBA, RAh&EfAm MR, d: fM&(DBH); h: HET, RM AN AEG i@ NRIL BERBIEEG n
CON, [RIFHERIRAAEL; spaWfh 4, 20s 9FETT 5 /e Wiy KPR /MEH( em < DBH <5 cm). H1444%(5 cm < DBH < 10 cm)HIK
ZZ(DBH = 10 cm).

¢, CONBA, conspecific basal area; b, HETBA, heterospecific basal area; d, diameter at breast height (DBH); h, HET, heterospecific number; i, NRI,
neighborhood relatedness index; n, CON, conspecific number; sp, Species name; 20s, No. of sample plot. Small, medium and large indicate small
DBH class (1 cm < DBH <5 c¢m), medium DBH class (5 cm < DBH < 10 cm), and large DBH class (DBH = 10 cm), respectively.
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Fig. 2 Neighbourhood effects of conspecific neighburs (CON), heterospecific neighburs (HET) and neighborhood relatedness index

(NRI) on individual survival

small. medium. large/HFER/NEH(1 ecm < DBH<5cm). FHEH(GS cm < DBH < 10 cm)MKZEZK(MDBH = 10cm); Sm. 7.5m. 10m
SRR FISSIR L ; o RN IR R E(P > 0.05),0 mAFHIFRTEL <0.05. P<0.017KF FEEHHK.

Small, medium and large indicate small DBH class (1 cm < DBH < 5 c¢m), medium DBH class (5 cm < DBH < 10 c¢m) and large DBH class
(DBH = 10 cm), respectively. The 5 m, 7.5 m and 10 m indicate different neighbourhood scales. o, e, m indicate correlations at P > 0.05, P < 0.05

and P <0.01 level, respectively.
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N

K 2 H) o S A7 AL 1) D T A R 25 SR 3 B R
[ ot A A7 L S ot A o 420 ot £ 355 52 1D B K (Volkov
et al, 2005). L) XA MR A A (GLMMs) % H
TE FT VAL P AR ARV AT AR 0, RN
TR B P& W AR R A AE [R) R A R 1) 25 R i 24 2%
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m R AR R R A A FE I )RR KA HE
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Bell 55 (2006)F 78 & B, 99 1] B I IR GL 5] 2 1
AT TR AR W) Sebastiana longicuspis %) 1 I = AL T
2, IX AT BEAR RN B R SR Ok RO ) R 2= (R
B = AR AR g, RT3 ) 240 B8Rt 2 ) SR 5 Ok R
I FI R P2 AL B2 (Gilbert & Webb, 2007). Webb%%:
(2006) & BLAEBCIFE A1, 3% 28 25 8 i) £ % 40 17 1)
FET- AT 5200, ZhuZE(2015)% BCIFE AN [A] 4 K B
BB ARHI ORI, 1 R R L0 4 A 3 R
BN, N AE A B3 B USON . ARBFFEH, 7ES m
JBE R NERAMEAEIE 5 T P A A5 BE 5 M FINRI
RN B B IERN, X 0] e i R RS AR )
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Fig. 3 Neighbourhood effects of individual trees with different DBH size and different scales on survival
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A, B and C mean different size with small (1 cm < DBH <5 c¢m), medium (5 cm < DBH < 10 cm) and large (DBH = 10 cm)
DBH, respectively. The number 1, 2, 3 indicate different neighbourhood scales of 5 m, 7.5 m and 10 m. © mean no significance cor-
relation (P > 0.05), and . A . mindicate different significant correlations at p-vale as 0.05, 0.01 and 0.001, respectively.
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