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Effects of canopy gap on the survival dynamics of Abies faxoniana seedlings in a

subalpine coniferous forest
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Abstract ;. Abies faxoniana coniferous forests are distributed in the eastern Tibetan Plateau and the upper reaches of the
Yangtze River. These forests play important roles such as conserving water and soil and maintaining habitat stability for the
giant panda (Ailuropoda melanoleuca). A. faxoniana seedling and sapling banks determine the population size and strongly
influence the succession, regeneration, and restoration of the coniferous forests. Gaps created by disturbance in the forest
canopy are important sites for tree regeneration from seeds. The seedling structure of A. faxoniana can reflect plant
development and population dynamics, as well as the relationship among the population, environment, and each species’
position in the coniferous forests. Comprehensive studies of A. faxoniana seedling population structure under forest canopy or
in canopy gaps where habitat is regenerating can reveal population size, survival conditions, and biotope suitability. The
objective of this study was to elucidate seedling population structure and quantitative dynamics, living status, and
development trends, and evaluate the effects of canopy gaps on A. faxoniana regeneration. We investigated seedling ( H<
100 ¢cm) population structure and natural regeneration of A. faxoniana in the eastern Tibetan Plateau. Three strip transects
(300 X2 m) , including forest canopy and canopy gaps, were established in a subalpine coniferous forest in the Wanglang

National Nature Reserves, Pingwu County, western Sichuan Province. The size structure of the A. faxoniana seedling
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populations were tabulated and analyzed for canopy gaps ( CP population) , under forest canopy ( FC population) , and the
whole population. Based on these data, we estimated the values of population parameters, including the survival curve,
mortality rate, killing power, survival rate, mortality density, and hazard rate. The results showed that the age structures of
the three populations were spindle shaped, suggesting an increasing population for A. faxoniana seedlings; however, there
were fewer individuals in age classes 1—3 than in age class 4. The survival curves of CG, FC and the whole population
tended to be the Deevey 1II type. The observed life expectancies were the highest in 1-year olds, and were higher in the FC
than the CG population. The mortality rate, vanish rate, cumulative mortality rate, and hazard rate increased with age
class, and the survival rate and mortality decreased. In the same age classes, the CG population had higher values for
cumulative mortality rate and hazard rate than those in the FC population. The ChenXiaode's quantitative index indicated
that the three populations were growing, and the dynamic index of population size structure for the whole population was V,
=0.1059. The sensitive index of population structure dynamic (P, ) and dynamic index of population size structure (V")
under random disturbance were the highest in the CG population. This indicated that the CG population was more sensitive
to environment disturbance and better able to increase under random disturbance than the FC population. Spectral analysis of
three populations showed that there was a marked periodic fluctuation in the process of natural regeneration. Given the roles
of the canopy in A. faxoniana population dynamics and the quantity of A. faxoniana seedlings, random disturbance
enhanced the capacity for population increase. Therefore, our results supported the creation of appropriate canopy gaps,

which would facilitate successful A. faxoniana population regeneration.

Key Words: Abiesfaxoniana seedlings; population dynamic; age structure; survival analysis; canopy gap
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Table 1 Species and their important valuesin tree layer of the sampled stands

P Species ' I , 1:)(JI%J‘ iz ]
Density/ ( N/hm”) Height/m DBH/cm Important value/%
YT 42 Abies faxoniana 1533 36.89 40.35 55.59
LR LKL Picea purpurea 400 46.71 64.14 31.83
A AR, Acer mono var.macropterum 100 13.67 15.33 4.92
Fi ¥ [AAA Sabina saltuaria 68 22 28.13 3.60
2T K¢ Betula albo-sinensis 34 18 23.24 1.73
ZLEAEMK Sorbus rufopilosa 73 15 16.37 2.33
R2 HHMERRETEARYMARRERER
Table 2 Main woody species and their important values in shrub layer of the sampled stands
144 Species %i&j,ﬁrg ) HRE , HEH
Averagingheight /m Density /(N/hm*) Important value/%
BRELHIAT Fargesiadenudata 2.68 9546 21.24
AR Lonicerastanishii 1.46 3794 12.71
URITY3 42 Abiesfaxoniana 0.25 4267 10.48
BT Rubuscorchorifolius 0.97 2674 10.06
75 Wi %F Rubusamabilis 1.16 2547 9.43
KB E AN, Acer monovar. macropterum 1.39 2385 6.92
EALTF Euonymus porphyreus 2.43 648 3.21
LIRS Piceapurpurea 0.91 567 3.07
WAL Philadelphusmagdalenae 2.96 572 3.01
21 Betulaalbo-sinensis 2.22 357 2.37
TeA# At S Rhododendron watsonii 0.96 287 2.05
UKNZET Ribesglaciale 1.93 504 1.61
[l VG 2.4¢ Loniceratangutica 2.06 264 1.6
2L B HIN Acanthopanaxgiraldii 1.58 34 1.53
ALK Sorbus sp. 2.38 237 1.49
2.2 Loniceraspp. 2.29 356 1.29
I Ji§ 3% 7% Rosa omeiensis 1.9 235 1.01
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Fig.1 The age structure of A. faxoniana seedlings
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Table 3 Stationary life table of A. faxonianaseedlings population in forest gap
1 22 174 1000 167 0.167 917 2837 2.837 6.908 0.182 0.833
2 69 145 833 161 0.193 753 2084 2.500 6.725 0.215 0.807
3 90 117 672 144 0.214 601 1483 2.206 6.511 0.240 0.786
4 90 92 529 109 0.207 474 1009 1.908 6.270 0.231 0.793
5 73 73 420 98 0.233 371 638 1.521 6.039 0.265 0.767
6 56 56 322 121 0.375 261 377 1.171 5.774 0.470 0.625
7 35 35 201 92 0.457 155 222 1.102 5.304 0.611 0.543
8 19 19 109 0 0.000 109 112 1.030 4.693 0.000 1.000
9 18 19 109 86 0.789 66 46 0.425 4.693 1.558 0.211
10 3 4 23 11 0.500 17 29 1.267 3.135 0.693 0.500
11 2 2 11 0.000 11 18 1.533 2.442 0.000 1.000
12 2 2 11 0.500 9 9 0.783 2.442 0.693 0.500
13 1 1 6 1.749
F4 BTIRITABHEMBRSEGE
Table 4 Stationary life table of A. faxonianaseedlings population under forest canopy
A L . 4 L r, o m K s.
1 17 64 1000 125 0.125 938 4212 4.212 6.908 0.134 0.875
2 32 56 875 109 0.125 820 3392 3.876 6.774 0.134 0.875
3 41 49 766 94 0.122 719 2673 3.491 6.641 0.131 0.878
4 44 43 672 109 0.163 617 2056 3.060 6.510 0.178 0.837
5 36 36 563 94 0.167 516 1540 2.738 6.332 0.182 0.833
6 29 30 469 78 0.167 430 1111 2.369 6.150 0.182 0.833
7 25 25 391 78 0.200 352 759 1.943 5.968 0.223 0.800
8 20 20 313 78 0.250 273 486 1.554 5.745 0.288 0.750
9 13 15 234 63 0.267 203 282 1.205 5.457 0.310 0.733
10 18 11 172 47 0.273 148 134 0.780 5.147 0.318 0.727
11 8 8 125 78 0.625 86 48 0.385 4.828 0.981 0.375
12 3 3 47 16 0.333 39 9 0.192 3.847 0.405 0.667
13 2 2 31 3.442
x5 IRIEEHEMBRSESNR
Table 5 Stationary life table of A. faxonianaseedlings population in all stands
A;fige A, a, I, d, q, L, T, e, Inl, K, S,
1 39 238 1000 160 0.160 920 3217 3.217 6.908 0.174 0.840
2 101 200 840 143 0.170 769 2448 2.913 6.734 0.186 0.830
3 131 166 697 134 0.193 630 1818 2.606 6.547 0.214 0.807
4 134 134 563 105 0.187 511 1307 2.322 6.333 0.206 0.813
5 109 109 458 101 0.220 408 900 1.965 6.127 0.249 0.780
6 85 85 357 105 0.294 305 595 1.666 5.878 0.348 0.706
7 60 60 252 88 0.350 208 387 1.536 5.530 0.431 0.650
8 39 39 164 29 0.179 149 238 1.452 5.099 0.198 0.821
9 31 32 134 42 0.313 113 125 0.926 4.901 0.375 0.688
10 21 22 92 50 0.545 67 57 0.620 4.527 0.788 0.455
11 10 10 42 21 0.500 32 26 0.614 3.738 0.693 0.500
12 5 5 21 8 0.400 17 9 0.428 3.045 0.511 0.600
13 3 3 13 6 2.534
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Fig.2 Survival curve of A. faxoniana seedlings population
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Table 6 Regression parameters from survival curve of A. faxoniana seedlings population
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T'ype of population T'ype of survival curve

MBE In canopy gaps y=1145.51570% 0.8187 58.36 136.29 Deevey- Il
y=1382.49,70-26% 0.9761 497.85 109.45

MF Under forest canopy — y=1148.37x"%7* 0.8134 67.33 135.56 Deevey- Il
y=1337.76¢" %%+ 0.9809 705.45 105.94

A ALL stands y=1161.20x""6! 0.7792 75.96 136.87 Deevey- Il
y=1275.57¢ %18+ 0.9696 585.93 111.10
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Fig.3 Mortality and vanish rate curve of A. faxoniana seedlings population
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Fig.5

Dynamic index of population size structure of A.faxoniana seedlings population
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Fig.6 ChenXiaode quantitative index of A. faxoniana seedlings population
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