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Effects of biotic and abiotic factors on tree seedling survival in a broad—leaved

Korean pine ( Pinus koraiensis) mixed forest on Changbai Mountain
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Abstract; Seedling recruitment plays a key role in determining species composition and diversity. Exploring patterns of
seedling dynamics can therefore provide crucial insights into the mechanisms that affect seedling recruitment. The broad-
leaved Korean pine ( Pinus koraiensis) mixed forest is a temperate forest typical of northeast China. In 2007, we established
a 1 hm® plot in a broad—leaved Korean pine mixed forest on Changbai Mountain, northeast China. We identified, tagged,
and mapped each tree with diameter at breast height =1 cm. At the same time, we set up 100 seedling quadrats of 1 X 1 m’
which were censused every July. In total, we collected data on 1288 adult trees and 965 seedlings in the 1 hm” plot between
2012 and 2013, and examined the importance of biotic and abiotic factors on seedling survival using a generalized mixed
linear model. Biotic factors included presence of conspecific seedling neighbors and heterospecific seedling neighbors,

presence of conspecific adult neighbors and heterospecific adult neighbors, and herb density and herb cover. Abiotic factors
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included soil organic matter, available soil phosphorus, available soil potassium, available soil nitrogen, total soil nitrogen,
and canopy openness. Conspecific neighbors had a significant negative effect on seedling survival at the community level ,
indicating significant negative density-dependence effects. The effects of biotic and abiotic factors on seedlings differed with
seedling age. Conspecific adult neighbors and canopy openness had significant positive effects on survival of, 1-year
seedlings while heterospecific adult neighbors had a significant negative effect. In contrast, for 2- to 3-year-old seedlings,
conspecific seedling neighbors and conspecific adult neighbors showed a significant negative effect on seedling survival, but
abiotic factors had no significant effect. Moreover, for =4-year-old seedlings, soil PC axis 1 ( associated with low organic
matter available K, available N, and total N) showed a significant negative effect on survival. Factors that drove seedling
survival varied with species dispersal-mode. For wind-dispersed species, conspecific seedling neighbors had a significant
positive effect on seedling survival. For gravity-dispersed species, soil PC axis 3 (associated with high available N and total
N, heterospecific adult neighbors, and herb density) had a significant negative effect on survival , whereas canopy openness
showed a significant positive effect. The effects of biotic neighbors and habitat differed among species. For instance, soil PC
axis 3, heterospecific adult neighbors, and herb density had significant negative effects on seedling survival of Tilia
amurensis , while soil PC axis 2 ( associated with high organic matter and total N) showed a significant positive effect.
Finally, herbs might influence seedling survival. Both herb density and herb cover impacted seedling survival by modifying
local habitat. However, there was no significant effect of herbs on survival due to limited data. We conclude that both local

biotic and abiotic factors play important roles in determining seedling recruitment in this temperate forest.

Key Words: Broad-leaved Korean pine ( Pinus koraiensis) mixed forest on Changbai Mountain; Generalized linear mixed-

effect model; Biotic factors; Environmental factors; Seedling survival
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Table 1 Soil variables loadings on the three PCAs in the plot

+ 35 Soil variables PC1 PC2 PC3 + 75 Soil variables PC1 PC2 PC3

FHHLFE i Organic matter -0.477 0.336 -0.431 || AL Available phosphorus -0.572 -0.156 -0.287
LA Available kalium -0.553  -0.265 -0.49 4% Total nitrogen -0.368 0.339 0.829
LA Available nitrogen -0.823 0.189 0.532 || A8 B Variation explained 45.0% 24.5% 15.4%
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Table 2 Parameters included in models of seedling survival

- Bl Data
AR 4t Variables

5 [l Range YJ{H Mean F1{E Median
KTE RN Seedling effect/ ( AN m2)
[RIFh 4l Conspecific ( Ncon) 1—48 17.034 11
SEFP4IE Heterospecific ( Nhet) 0—356 7.806 5
KA Adult tree effect/m?
[A]Fh KA Conspecific ( Acon) 0—0.503 0.034 0
SRR Heterospecific ( Ahet) 0.005—1.581 0.320 0.260
BLAZYNL Herb effect
AR Herb density (Hden) 6—109 51.159 49
AR FE Herb cover (Hcover) 6—128 55.057 48
RN Environmental properties
A+ 3 E RS 1 Seil PCI -3.454—2.832 -0.050 0.223
+ 48 F A4 2 Soil PC2 -2.392—4.477 0.306 0.135
3 F 5 3 Seil PC3 -2.168—1.656 -0.024 -0.319
43 PH {H Soil pH 4.32—6.1 5.220 5.23
MIETT A Openness/ % 7.34—15.3 10.980 11.34
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Table 3 AIC and AAIC values of individual-level seedling survival models
PR Candidate models

# R Instances H: )RR Biotic A A: B R Habitat H Y +AEE Y BIED Biotic + Habitat
AlC AAIC AlC AAIC AlC AAIC

Ff 7% 7K F Community level

TR KL Tree seedlings 1540.836 0 1549.42 1546.762

LERBEER Age class (tree seedlings)

1AEAE 1 year 309.782 0 317.511 310.265 0.483

2—3 44 2—3 years 1050.001 0 1057.437 1055.084

KT 4 42 Above 4 years 98.959 96.599 95.687 0

f&4% 773X Dispersal mode

W11 4#5 Wind 1287.679 0 1292.09 1293.145

T SIEHE Gravity 238.709 241.729 233.038 0

PIFPKF Species level

LM Acer barbinerve 64.377 0 64.580 70.073

MR Acer pseudo-sieboldianum 63.854 57.910 0 67.709

& KB Acer mono 40.910 0 49.890 48.665

KM Fraxinusmandschurica 1118.396 0 1120.186 1121.761

L Tiliaamurensis 209.150 213.574 200.763 0
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Fig.2 Odds ratios of a tree seedling survival for community level
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Fig.3 Odds ratios of tree seedling survival for three different age classes
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Fig.4 Odds ratios of tree seedling survival for two dispersalmode groups
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Fig.5 Odds ratios of seedling survival of two common species
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