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Drivers of composition and density pattern of tree seedlingsin a secondary mixed conifer and
broad-leaved forest, Jiaohe, Jilin, China
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Abstract

Aims  Our aim is to explore the composition and temporal dynamics of tree seedlings and to further understand
the impacts and relative importance of biotic neighborhood and habitat heterogeneity on seedling density patterns
in a secondary mixed conifer and broad-leaved forest in Jiaohe, Jilin Province, North-eastern China.

Methods We established 209 seedling census stations in the mixed conifer and broad-leaved forest. Based on
two seedling censuses conducted in 2016 and 2017, we analyzed species composition and quantitative dynamics
of seedlings. Generalized mixed linear models were used to test the relative effects of biotic neighborhood and
habitat heterogeneity on seedling density patterns.

Important findings (1) A total of 4 245 seedlings were investigated in all seedling census stations of this plot,
belonging to 12 genera, 10 families and 18 species. The number of new-born seedlings varied greatly among spe-
cies and census years. Fraxinus mandschurica and Tilia amurensis seedlings occurred and died in large numbers.
(2) At the community level, the sum of conspecific adult basal area, the soil total phosphorus and available potas-
sium exhibited significant positive effects on seedling density. The habitat suitable for trees was also suitable for
seedlings. (3) The factors influencing seedling density of Fraxinus mandschurica were consistent with those of
seedling density at the community level. Pinus koraiensis had significant habitat preference, it had higher density
in the habitat with lower moisture, soil total phosphorus, available nitrogen, and available phosphorus. Conspeci-
fic adult neighbor effects on annual seedling density was more significant than on perennial seedling density. This
study suggests that dispersal limitation and habitat filtering together affect seedling density pattern, and the relative
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importance of biotic neighbors and habitat heterogeneity varies among seedling species and age classes.
Key words secondary mixed conifer and broad-leaved forest; generalized linear mixed-effect model; tree seed-

ling density; biotic neighbor; habitat heterogeneity
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ARAFE I IR R 2 AR EAE S ARV T8 1)
B2, Hrh A B A A i 5 rh i R 55 11
IRT5(Brewer & Webb, 2001; Z5/NXUZE, 2007, FHiE
#EE 2011; Yan et al., 2015). AFI4 F 4544 A 5] #
(1) 43 P A 975 R R AR S 8 1) AR AR o e i A
RER A BGERISEVE ], T TR E REVE S5 40 BOAE 2
A& ST 07 181 (B EESE, 2008; T KA, 2013).

L AT 5 B 2 B 2 MR R AR, T
INEREAEE R R PR . YRR AR EY)
HE RN AR, e Eahy LR R A5
(Mangan et al., 2010; Johnson et al., 2012; Norghauer
& Newbery, 2014; FUESE, 2014; BHHEE, 2017);
MR R EFEER. K. 1% (Kammesheidt,
1998; Connell & Green, 2000; Poorter & Rose, 2005;
TALAESE, 2011; XIINEE, 2016). FEAFRTF 17~ 5
TR B AR T A BRI ) i SR A% R
(Clark et al., 1999). &)y 5 2% 5] A A 15 K E AR A,
H T J-CABR U FRO AT 72 4 I ) Avfr &0 4 ) P 3 o A%
15 W EH AR R BN & F 50 1 BCE 0| [ A 4)
B AR, T S A AR A ) SRR T BE S BEAT R R IR
BRI AR 7, T A R T A Fh 4 ) A7 35 (Janzen
1970; Connell 1971; Makana & Thomas, 2004; John-
son €t al., 2012; Comita et al., 2014). Lt4), Johnson
SF(2014) KB 2y v Tl ][] o ol A 55 B2 A RIS, 4
B RS, SRR 2 AR SR I A T YT HOR
I T BE AT PR E TR AR v 8 A SR ) — N R .

SAAEMR T ISR A P AEAE SO L K
IR S AR T A PR A (151 & AE R, 2007,
Pasquini & Santiago, 2012; Hilk#k%E, 2014). fE35E
BEUR S G R oy B e R IR A DL AE, AL T
I A2 B L BP0 T (HAESE, 2009). i
R, RIS R E R KT AR Z, B
AR E A R A DA R (1) B —PRBE PR 30 4l v B
HI52MH (Montgomery & Chazdon, 2002; =% & Fl#
i, 2007; Song et al., 2013). UIE% = AIE(2007)
3T T G HE 5 B X BE K B (Parashorea. chinensis)%f)
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(R AU G sy ey B iy R S B S R R
R, BRI RN IR I [ 350 60 M- B R AR, i bk
1 IR AR AR AR AR I I8 2 I B AL B 2% A N K
AR 5% 5 (2009) R B4 T 23 PR 7K 3 3 e AR R B 1
BT, HOXFRAET M Je A B R A (A 22 5% . Wright
ZEQ011)ilE I HIEFE LR NS Py KL TR
TS5 K 9L - 35 3% 4 X AE Y 4 1 A KA SR B K R
Wil o (2) 2 NP8 DR 25 0 403 i B () 25 5 Tl (E AR 4
s 2011; FHEZELE 2011; MEHEI%SE, 2014; Oshima
et al., 2015). HNGEBEHEEE(2014) KB4 TE B Fh 7 H
R AR 5 G IRN K 73 R B 2 25 1 AH S 1,
H 5K KB K. OshimaZ5(2015) % B g W #ify
TR R4 P 73 5 G I RN - 33K 2 5 A4 855 R 7 2 M
Ko XUIHEE2016)%F K [ 1L IR AR BT VR AS PRAF 78 R
DA AFE RS LI KB LI A ST &
B MG, A IR ARG TS LS R 7T
OV RIE (5K (@45, 2009; Bai et al., 2012; Lin et al.,
2014; Yan et al., 2015), %1% A& J5 500 R 25 1)
W78 LA BR

AHIF 5L X 20161201 74F Y A2 B R VR AS bk
20971 %)y B M WU 3l P PR R A R4 40 i T B A M
N T AR R R A AL, FRIE T R
TRAE RN T T R4 A R MR &R, B
RIS R (DTRARYE P S BERE; (2)
SN A% FERS R R 2R (B) AR ARAA I AR 1% 57t it
PELERER AR KT b 5 B R S, 48
INEE T S BRI A AE B I FR R, N
TS FRARP T 22 15 1 AR ML A B A 3 A A s
PEE N

1 #RlFE*E

11 FRHEHERR

T AR MO AR TG X B R AR I A T 75 MR i
T T RTHE 2 514 (43.85°-44.08° N, 127.58°-127.85°
E), ##£330-1 176 m. ZXJE K A1l Rk A4,
N8 P K N T T L R e S S L
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I3 RBFE RN IR AL SRR VR AR (E R AR, 2016). TR
B4 = LR $5 7K #H A9 (Fraxinus mandschurica) . 545
(Tilia amurensis). FH#E(Betula platyphylla). Z= IR
(Acer mandshuricum). LAk (Acer mono). & B
(Acer barbinerve). 44 (Pinus koraiensis). #2#4
(Abies holophylla). T-4:fii(Carpinus cordata). #H#Hk
#k(Juglans mandshurica). % it #k(Quercus mongo-
lica). #fiI(Ulmus davidiana var. japonica). %M1
(Ulmus laciniata) %% .
12 HHgESHHAPAE

ZHECTFS (Center for Tropical Forest Science)
FE 3 B % 7 (http://www.ctfs.si.edu/), 20104F H 2
TE 75 PR IR AL SIS X B R PR 7 PR A8 3 S Y 1)
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JATH 42 hm? (500 m x 840 m), FEHIAKER H43.96°
N, 127.74° E, #kN459-517 m. JHEREHN PTG
fig42(DBH) = 1 e IARAAMEY), LRk HEYFA L T
Z(em)s M= (m) K2R mi(m)s oM (m) A2 ] AL FR
S, JFHERFRIC . FRNUAT R 7 ZUAEARE I A B RS
40 mix E— T IR, SLLE 172090
FWCER 2% o FEFD T IR 2R DY 1 mAb 1 B4 m <
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AMFEfi(station)(B2). 2016812017478 H %3347 —
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Fig. 1 The sketch map of the census station.
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Fig. 2 Quadrat layout at each of the census station.
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& Hubbell, 2009). KA LA BH 25 (4238 K
TS, A IR ARAR B 7 % SR 25 68 5 20
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Tablel The loadings of the soil variables for each of the three PCA axes

1 3eF & Soil variables PCl1 PC2 PC3
4% Total nitrogen 0.320 -0.337 0.538
4=7#% Total phosphorus 0.450 0.182 -0.218
42 Total potassium -0.371 -0.492 -

AW Organic matter 0.378 -0.523 0.233
XA Available nitrogen 0.421 -0.319 -0.359
%W Available phosphorus - -0.258 —0.688
BN Available potassium 0.480 0.411 -

A5 SR Proportion of variance 34.224%  18.990%  16.428%
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AT A B PR A A [ 7 508 ) o S 2R 1) L e
1B FH RIS BB UEN(AIC), AICIE /N, AR
PLA R, BRI AIC I Z /N T20F, XA
TR B AN & 25 [FA] B (Burnham & Anderson, 2002).
BATHE3A IR TR 56 T 520 &)y % B A 5 4
SRR (DBEKT, BIEFTaRSE; Q)%
K, AR Z Y, Q)WFIKF, L2016
TEAEIE BT Ak B A R4 w0 SO W Rl AT
IINTe N EREE SR F ARG, BT A AL R R
N—BENLRLR (Bai et al., 2012), A[FEYFHE
W PE RN, B IFE R 55— BEAL RN
N B BEVEKF AR 58 22 15484 o (Chen et al., 2010).
AT BT B 2 5 4 B 3K F Microsoft Excel
201671 [H Brid H 2 4R 3.4.2 (http://www.r-project.
org), HAGLMMZ#T1KH ‘lmed” H A 56 B »

2 WA R
21 YIFheER S BEFHE

TE2016 F120174F PR A A BATE], A2 2018
AR, 2 JE10RH2)8, HA K i AR SR8
HRAGA. 20hn 2 EEHE A T TR AR (R 2) .
WA R A R4 T4 2458k, FrhEr AT 906Kk .
2016 F120174F 43 5l Ha U 2 %)) 52 852F11 6724k,
H12016 2017 4F 723G B9 A 11598k, L2 F ik
59.4%. K M4 B i %, 2016412017473 51l
N1 769R17968k%, HE B A 873 M2134%; H
PR ORI BB RICRIZARL, 2
1008k, MiAZkA. TEME4) i EE BT 108k .
LR B % R K MDAV ARE, oy ) IA 2
1 18612718k, FET-Z 737 7267.0%F188.6% (#%2).
20168120174 FEREHL N 209N RE 3k TLF-#5 HL Bl 4
oy A R ECN2BB IR AR 2, 205 SRR
/4. 2016F120174E 5354 SFI2 AN FES, R A
HIATAT 4T, A H BRI A T PR Sl 453 i) 2 32
F90/S, A B w0 b BRAE 3l A1 2 30 HH B S ) g
I 5 (E3)
22 HEZEENZNEER
221 BEEKFE

Y R R FH B S HUOLERS . TE3FP AR A
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Table2 Quantitative composition of seedling species
Pl Species YrAcE MEEEEGTESR) BRI %) A IR HIRE T8 EC
No. of No. of recruitment No. of mortality Seedling No. of stations Important
seedlings (Recruitment rate (%)) (Mortality rate (%))  density (Ind.-m?) occupied value
2016 2017 2016 2017 2016-2017 2016 2017 2016 2017 2016 2017
K il Fraxinus mandschurica 1769 796  871(49.2) 213 (26.8) 1186 (67.0) 2.116 0952 498 317 5228 42.11
AN Acer mono 199 177 7(3.5)  16(9.0) 38 (19.1) 0238 0212 143 124 9.59 1245
46 Tiliaamurensis 306 124 274(89.5) 89 (71.8) 271 (88.6) 0366  0.148 169 81 12.58 838
ZAEH Acer mandshuricum 127 159 12(94) 44(27.7) 12 (9.4) 0.152 0.9 100 120 6.5 11.68
ZIKA Pinus koraiensis 192 121 156 (81.3) 35(28.9) 106 (55.2) 0230  0.145 94 60 738 7.08
#HEM Acer barbinerve 101 107  17(16.8) 14(13.1) 8(7.9) 0.121  0.128 34 31 322 499
HHBERK Juglans mandshurica 43 29 20(46.5) 14(48.3) 28 (65.1) 0.051  0.035 40 25 246 231
¥k Abiesholophylla 35029 1337.)  5(17.2) 11 (31.4) 0.042 0035 28 24 181 225
%5 #k Quercus mongolica 1 62 0 (0) 62 (100) 1 (100) 0.001  0.074 1 27 006 3.41
T4 Carpinus cordata 30 21 14 (46.7)  6(28.6) 15 (50) 0.036  0.025 26 19 164 172
it Ulmus laciniata 24 21 0 (0) 0 (0) 3(12.5) 0.029  0.025 16 17 1.10 1.61
BB Tilia mandshurica 10 6 4(40.0)  1(16.7) 5(50) 0.012  0.007 8 5 052 047
i Ulmus davidiana var. japonica 9 5 3(333) 1(20.0) 5(55.6) 0.011  0.006 8 4 050 038
ZFEM Acer triflorum 2 4 1(50) 2 (50) 0 0.002  0.005 2 4 012 035
# 8¢ Phellodendron amurense 2 3 1(50.0) 3 (100) 2 (100) 0.002  0.004 2 3012 026
FHE Acer tegmentosum 2 3 0 (0) 3(100) 2 (100) 0.002  0.004 2 2 012 021
E# Corylus mandshurica 0 4 0 4 (100) 0 0 0.005 0 2 0 0.24
KKITERK Sorbus alnifolia 0 1 0 1 (100) 0 0 0.001 0 1 0 0.09
33t Total 2852 1672 1393 (48.8) 513 (30.7) 1693 (59.4) 3411 2.001
“r 1007 AR SRR, 4 R 4 5 B R AR AR A
gw- 80} AR T IR PCL. PC2E 2 IEAMR(E5).
ERY col 223 4MKFE
B3| AT 50t AR HE 44 BT S HO R 23 BT R LR
% 2l o AT R A 58 S5 R A L S 55 S P E A )
ﬁm. 20¢ FF(R4). EVFIKF B, 5B AT 2P A
o MNNNNNh. (LI . %%ﬁﬂ%%%%%f%@%%%mﬁmﬁ?ﬁw,
L S LURA A BB R R R AL, T 4% AL S %
No. of seeding speices No. of newly-born seeding species Eél;:,ﬁ_l{jﬂ/a\ E%ffjﬁ(ﬂ%4) o
12016 2017

E3 ke b YAt B A= A .
Fig. 3 The frequency distributions of the species number in
seedling stations.
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M5 R85k B MG, ZE AL A B

K AN ) A A R ALCAR S /)s, HLRN A s L
[F) SR 4L SR, 2 AB A h 4 v % 5 () Al
Atk HIEFRAPCL. PC2RBE FMHRX KR, A
AR S A AR AR T, (R TR AR B[R] S5
WERER, HEH % S R M AR AR I 2 2
FAIR R R, HEBRZEA REMRE, mp
BRI A SMOR R, H AR5 A [F SR
FEMINE AR, F4lw % 5 5 A M ik i A B3 A
Kk, 58K REEFENMHLKR, 51EHRD
PC3 &8 23 IEAH K R (E6).
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Table3 Parameters used in models of seedling density

2018, 42 (6): 653662

At Variables 4 Data
/M Min. I KAH Max. SFHIME Mean
HEMAREAE R Biotic neighborsvariables
[+ e 8 69 v WP TR B Consspecifiic adult basal area (ConBa) 0 2.466 1 0.407 2
SRR = WA Heterospecific adult basal area (HetBa) 1.233 8.151 3.56
AR Habitat variables
M FFFEE Canopy openness 0.989 3.982 2.148
T EIKE Moisture (%) 13 76.4 26.74
+3%pHIH Soil pH value 3.96 5.44 4.603
#—F 4 The first principal component (PC1) -3.140 6 4.209 1 0.188 2
B F 5> The second principal component (PC2) -6.8339 3.2253 03123
3 =F 4> The third principal component (PC3) -4.091 0 2.1574 0.176 6
|/ AMEIRT-Lly 85 BER AL 1 b S R DU (A C)RIAAI CH
Table4 Akaike’s information criteria (AlC) and AAIC values of the models for individual-level seedling density
/KF Level FHRINull P Biotic JE AP T Habitat SR Biotic + Habitat
AlC AAIC AIC AAIC AIC AAIC AIC AAIC
9% Community 37583 19.5 3738.8 0.0 3760.8 22.0 3740.3 1.5
2% Age class
244 One year old 11527 6.5 1147.1 0.9 1153.6 7.4 1146.2 0.0
Z £ Over one year old 2503.5 13.0 2507.2 14.7 24925 0.0 2500.1 7.6
Bk Tree species
7K #iA1 Fraxinus mandschurica 1330.2 9.2 1321.0 0.0 13289 7.9 13218 0.8
AN Acer mono 425.6 1.5 424.1 0.0 433.5 9.4 431.5 7.4
%4 Tiliaamurensis 533.6 0.0 539.6 6.0 543.0 9.4 542.0 8.4
ZRAEM Acer mandshuricum 329.8 0.0 3333 3.5 333.9 4.1 3334 3.6
2L kA Pinus koraiensis 337.9 10.1 340.3 12.5 327.8 0.0 328.8 1.0
— B2
One year old Over one year old
ConBa | —e—
{g HetBa —o— 5 ConBa |- r A4
g Camopy | e § HetBa - B - o
% Moisture | —d g‘ Canopy |- < i <
= B Moisture | -®- - &
] pHf —io— =
) £ pH | - L &
@ PCI1 | . & N I .
PC2| L o ®
PC2 - = - -
PC3| o PC3 | -o- 3 ©-
-05 0 05 05 0 05 -05 0 05

Z¥4Eit Parameter estimate

B4 HERKT LIRS R AR % S A THE (= 2
ARHERZE ). R E RIS EUAETHE M S0 B R, AR ERIH]
TLRAFR, ST RS,

Fig. 4 Estimates of the coefficients (£ 2 X SE) of the best
models for seedling density over two years at the community
level. Solid symbols indicate parameters significantly different
from zero (p < 0.05), and hollow symbols indicate no signifi-
cant difference from zero (p > 0.05). See Table 3 for variable
abbreviations.
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SRAh 3t Parameter estimate

E5 AFFERHRIT AL LR & S H A T EE 2
bR, RFEMSEANTHER SO RR R, NEFENH
TLRER, ZEHE NS,

Fig. 5 Estimates of the coefficients (= 2 X SE) of the best
models for seedling density at different age classes. Solid sym-
bols indicate parameters significantly different from zero (p <
0.05), and hollow symbols indicate no significant difference
from zero (p > 0.05). See Table 3 for variable abbreviations.
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Fig. 6 Estimates of the coefficients (+ 2 X SE) of the best
models for the seedling density of different species. Solid sym-
bols indicate parameters significantly different from zero (p <

0.05), and hollow symbols indicate no significant difference
from zero (p > 0.05). See Table 3 for variable abbreviations.
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