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Yau-Lun Kuo,"”  Gwo-LinYu,”  Yeh-Lin Yang,?

[ Summary ]

Hsiang-Hua Wang?®

Starting 1 mo after typhoon Dujuan swept through Taiwan in September 2003, this research
manipulated the understory light availability using artificial shading treatments in the Uplifted
Coral-reef Forest at Kenting, southern Taiwan. In this study, we examined the survivorship, height
growth, and net photosynthetic rates of seedlings of 6 tree species with advanced regeneration for
their responses to the elevated light resources after the typhoon disturbance. These species were
Diospyros discolor, D. maritima, Machilus kusanoi, Melanolepis multiglandulosa, Palaquium
formosanum, and Pisonia umbellifera. Understory light availability in this forest was about 1~2%
before the typhoon disturbance. Three weeks after typhoon Dujuan, the understory light was 6~ 9%.
This had dropped to 2~6% after 3 mo, when leaves had partially recovered. After 15 mo, it was
again 1~2%, indicating that the canopy had again closed. Seedlings of D. maritima still maintained
over 80% survival when grown under less than 1% light availability for 2 yr. However, under the
same situation, Mel. multiglandulosa and Pal. formosanum could only maintain a 12% survival
rate. The survival rate and relative height growth rate of each species, except for Pis. umbellifera,
increased with light availability but at different magnitudes. The relative height growth rates of
seedlings of Mel. multiglandulosa and D. maritima showed the most significant responses to the
elevated light, while those of D. discolor and Pis. umbellifera showed the least. There were also
significantly positive linear relations between the net photosynthetic rates and available light inter-
cepted by the seedlings. The highest slope of the linear regression was 0.15 for Mel. multiglandu-
losa, and it ranged 0.04~0.07 for the other 5 species. Compared to the shaded plots, the increased
light availability after typhoon Dujuan increased the net photosynthetic rates of these seedlings.
Carbon vyields likewise increased. As a result, the height growth of seedlings was promoted and
mortality was reduced. This was beneficial to the long-term survival of these advanced seedlings.
However, these beneficial effects diminished within 1 yr as the forest canopy gradually closed
again.

Key words: advanced regeneration, light availability, net photosynthetic rate, typhoon disturbance,
understory light.
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Table 1. Dynamics of the relative light intensity, seedling survival rate, and mean height in
each sampling plot of Diospyros discolor (D. d.), D. maritime (D. m.), Machilus kusanoi (M. k.),
Melanolepis multiglandulosa (M. m.), Palaquium formosana (P. f.), and Pisonia umbellifera
(P.u.)

Species Plot” Relative light intensity (%) Survival rate (%) Seedling height (cm)
Mar04 Oct04 Oct05 Apr04 Oct04 Oct05 Oct03 Oct04 Oct05
D.d. Sl 1.2 0.2 0.1 100 98 64 18.8 19.5 215
Sl 1.8 0.4 0.3 100 95 73 16.6 17.8 19.8
C 3.2 0.9 0.5 100 100 80 19.4 21.0 23.1
C 4.9 1.0 0.9 100 100 78 23.3 25.0 28.1
C 6.7 2.2 3.8 100 100 80 19.6 21.8 23.8
C 7.6 2.3 5.0 100 96 93 17.9 20.5 233
D.m. S1 1.8 0.1 0.1 100 92 83 16.2 18.0 20.6
Sl 2.1 0.2 0.3 100 92 84 26.7 30.0 33.2
C 2.5 0.6 0.5 100 100 84 134 18.6 22.1
C 2.3 0.8 0.5 97 90 90 15.7 216 26.1
C 3.7 1.8 1.8 100 100 96 21.1 30.4 40.3
C 3.9 21 1.9 100 100 100 27.6 37.6 48.8
M. k. S2 0.8 0.2 0.1 72 72 4 15.7 16.8 -
S1 1.0 0.3 0.3 79 79 53 16.3 18.3 19.4
C 14 0.7 11 92 92 62 14.7 16.9 18.8
C 1.9 0.8 0.7 82 82 59 17.3 20.0 23.2
C 2.2 1.0 1.1 80 80 70 15.8 19.5 22.1
C 2.5 1.2 1.6 100 100 71 14.8 20.3 23.2
M. m. S1 1.2 0.1 0.1 10 0 0 10.5 - -
S1 1.9 0.2 0.1 77 38 15 115 15.3 17.3
S1 4.1 0.3 0.3 100 60 20 115 20.2 22.7
C 4.7 11 0.7 87 60 20 12.7 22.6 23.2
C 6.0 1.3 0.8 90 90 50 12.1 20.8 26.7
C 7.4 1.6 1.1 100 100 60 10.2 19.3 25.6
P.f S2 15 0.3 0.4 53 40 13 21.2 235 25.5
S2 2.8 0.7 0.7 73 73 40 19.4 19.8 21.3
Sl 3.8 1.1 1.1 67 67 53 22.0 23.6 24.9
S1 6.1 15 1.7 80 67 60 13.9 16.6 184
C 7.6 1.6 18 87 80 80 16.0 21.8 25.4
C 8.7 35 2.3 87 87 87 16.3 219 25.1
P.u. Sl 11 0.3 0.3 73 73 60 13.6 15.2 17.0
Sl 1.7 0.4 0.5 85 85 62 12.7 14.4 153
C 1.6 0.7 0.6 100 100 90 20.9 22.3 25.3

C 3.2 0.9 0.9 100 100 100 10.9 12.5 15.2
C 3.9 1.3 1.4 100 100 100 16.1 18.0 21.7
Y31, plot covered with 1 layer of shade cloth; S2, plot with 2 layers of shade cloth; C, control plot
without a shade cloth.
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Fig. 1. Distribution of understory light intensity in the Kenting Uplifted Coral-reef Forest
measured in April, June, July, and November 1993.
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Table 2. Median daily photosynthetic photon flux density (PPFD) (umol m?s™), daily
total PPFD (mol m?d™), and percent PPFD (%, relative to the open) under a moderately
disturbed and a mildly disturbed stand, as well as on an open area of the Kenting Uplifted

Coral-reef Forest

Date Open area Moderately disturbed stand Mildly disturbed stand
Median  Total Median  Total % PPFD Median  Total % PPFD
Sept 2003 1015 39.7 52 35 8.8 37 24 6.1
Dec 2003 557 234 20 1.3 5.6 7 0.4 1.7
Feb 2004 1000 34.6 40 2.1 6.1 14 1.6 4.6
June 2004 1190 48.6 39 2.2 4.6 7 0.4 0.8
Sept 2004 1081 42.6 46 2.3 5.3 24 0.9 2.0
Dec 2004 600 26.4 7 0.5 1.8 7 0.3 1.4
Feb 2005 876 35.1 23 1.1 3.2 7 0.5 14
June 2005 1057 435 6 0.4 11 11 0.5 1.2
90r , b
Sep 20~29, 2003 Dec 9~17, 2003
60 1 (3 wks after typhoon Dujuan) [
30+ F
0 w_ﬂ_n_&_L
c d
Feb 20~Mar 1, 2004 Jun 20~25, 2004
60 -
§3o| I D .
8
5 0rsg t
= Sep 25~30, 2004 Dec 1~6, 2004
© 60r r
a5
30+ I I |:|
O L I:I —1 L —il
£ Feb 21~26, 2005 h Jun 20~25, 2005
60 F
30+
0 10 25 50 100 200 400 >400 10 25 50 100 200 400 >400

Light intensity (umol photon m” s™)
Fig. 2. Distribution of the light intensity under a moderately disturbed ([1) and a mildly
disturbed (M) stand of the Kenting Uplifted Coral-reef Forest from September 2003 to June

2005.
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Table 3. Survival rate, annual relative height growth rate (RGR-H), and height increment in
seedlings of advanced regeneration of 6 species receiving various light levels (1~2%, 2~5%,
and 5~9%) after 6 mo of treatment (October 2003 to April 2004)

Survival rate (%) RGR-H Height increment (cm)
1~2% 2~5% 5~9% 1-2% 2~5% 5-9% 1-2% 2~5% 5~9%
Diospyros discolor 100 (2)" 100 (2) 100 (2) 1.2 2.0 24 0.3 1.1 14

(£0)? (£0) (+0) (*04) (+0.3) (£05) (+0.2) (+0.1) (+0.2)

Species

D. maritima 100 (1) 99 (5) - 3.1 8.3 - 1.0 3.4 -
(€ (1.4) - (0.7)
Machilus kusanoi 80 (4) 90 (2) - 3.5 7.1 - 11 2.2 -
(£5) (*10) (£0.5) (£1.7) (+0.1) (£0.5)
Melanolepis 44(2) 942 95(2 163 170 230 3.7 4.3 5.2
multiglandulosa (£34) (£7) (%5 (£6.8)(*+10.1) (+05) (£1.7) (£2.7) (+0.6)
Palaquium 53(1) 60(2) 85(3) 3.1 1.2 9.6 1.3 0.5 2.8
formosanum (7)) (£2) (£0.7) (£1.8) (£0.3) (£0.7)
Pisonia umbellifera 86 (3) 100 (2) - 3.5 4.1 - 1.0 1.1 -
(£8) (*0) (+0.7) (£0.2) (£0.1) (£0.2)

Y Numbers in parentheses denote the number of plots with that light level.
2 Numbers in the parentheses denote 1 SE.
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Fig. 3. Survival rate of seedlings plotted as a function of the light availability of 6 tropical
tree species with advanced regeneration growing in the Kenting Uplifted Coral-reef For-
est during the first ((J) and the second (A) year of the experiment. Data are based on plot
means. The dependent variables, y and z, of the regression equations represent the light
responses measured in the first and second years, respectively.
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Fig. 4. Relative height growth rate of seedlings of 5 tropical tree species with advanced
regeneration plotted as a function of the light availability growing in the Kenting Uplifted
Coral-reef Forest during the first (1) and second (A) years of the experiment. Data are
based on plot means. The dependent variables, y and z, of the regression equations repre-
sent the light responses measured in the first and second years, respectively.
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Fig. 5. Net photosynthetic rate plotted as a function of the understory light intensity in
seedlings of 6 tropical tree species with advanced regeneration growing in the Kenting Up-
lifted Coral-reef Forest.
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